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RAQAMLI
TEXNOLOGIYALARGA
ASOSLANGAN
QISHLOQ
XOJALIGIDA AQLLI
SUG‘ORISH TIZIMINI
AVTOMATLASHTIRISH

nnotatsiya: Maqolada qishloq xojaligida suv
resurslaridan  oqilona  foydalanish  zamonaviy
davrning eng muhim ekologik va iqtisodiy
muammolaridan biridir. Sug'orish usullari kopincha suvning
ortiqcha sarflanishiga va tuproq resurslarining degradatsiyasi
masalasi muxokama gqilingan. Ushbu masalani hal qilish
magqgsadida raqamli texnologiyalarga asoslangan aqlli
sug'orish tizimlari rejalashtirilib, bu orqali suv resurslarini
aniq tagsimlash, sugiorish jarayonini avtomatlashtirish va
fermer xo'jaliklari uchun individual yondashuvni taminlash
imkoniyati yaratiladi. Shuningdek, ushbu tizimlarning
igtisodiy samaradorligi, ekologik barqarorlikka hissa qo'shishi
va mahalliy sharoitlarga moslashuvi bo'yicha takliflar beriladi.
Xulosa sifatida, raqamli texnologiyalarga asoslangan aqlli
sugorish tizimlari qishloq xo'jaligining barqaror rivojlanishida
muhim innovatsion yechim sifatida qayd etiladi.
Kalit sozlar: aqlli sugorish tizimlari, qishloq xo'jaligi,
ragamli texnologiyalar, avtomatlashtirish, suv resurslari, IoT,
sensor texnologiyalari, sun’ly intellekt.
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Kirish

Suv resurslarining global miqyosda kamayib borishi zamonaviy dunyoning eng jiddiy ekologik
va ijtimoiy-iqtisodiy muammolaridan biridir. Birlashgan Millatlar Tashkilotining ma’lumotlariga
ko‘ra, 2050 yilga kelib dunyo aholisining 40% dan ortig‘i suv tangisligidan aziyat chekishi mumkin.
Aholi sonining o‘sishi, sanoatning jadal rivojlanishi, iqlim o‘zgarishlari va suv resurslarini
boshqarishdagi samarasiz yondashuvlar bu muammoni yanada keskinlashtirmoqda. Qishloq xo‘jaligi
sohasi global suv resurslarining taxminan 70% dan ortig'ini iste’'mol qilishi bilan ushbu muammoning
markazida turibdi. Shu sababli, suvni tejamkor va samarali ishlatishga qaratilgan innovatsion

yechimlar bugungi kunda muhim ahamiyat kasb etmoqda.

O‘zbekiston Respublikasi suv resurslari jihatidan cheklangan mamlakat sifatida ushbu global
muammoning mabhalliy ko‘rinishlaridan jiddiy ta’sirlanmoqda. Mamlakat suv ta’minoti asosan
Amudaryo va Sirdaryo kabi transchegaraviy daryolarga bog‘liq bo‘lib, iglim o‘zgarishlari va qo‘shni
davlatlar bilan suv tagsimotidagi murakkabliklar bu resurslardan foydalanishni qiyinlashtirmoqda.
O“zbekiston Davlat statistika qo‘mitasi ma’lumotlariga ko‘ra, qishloq xo‘jaligi sohasidagi suv iste’'moli
so‘nggi o‘n yillikda barqaror ravishda oshib bormoqda. Biroq, keng tarqalgan an’anaviy gravitatsion
sug’orish usullari suvning 50% gacha isrof qilinishiga, tuproq eroziyasiga, sho‘rlanishiga va suv-tuz
balansining buzilishiga olib kelmoqda. Bu holat nafaqat ekinlar hosildorligini pasaytiradi, balki

mintaqadagi ekotizimlarning barqarorligiga jiddiy xavf solidi [3]

Yugqoridagi muammolarni bartaraf etish maqsadida raqamli texnologiyalarga asoslangan aqlli
sug‘orish tizimlari joriy etilmoqda. Ushbu tizimlar Internet of Things (IoT), sensor texnologiyalari,
sun’iy intellekt (AI) va bulutli hisoblash kabi zamonaviy yondashuvlardan foydalangan holda suv
resurslarini aniq tagsimlash, tuproq va o‘simliklar holatini real vaqt rejimida monitoring qilish va
sug'orish jarayonini avtomatlashtirish imkonini beradi. Bunday tizimlar inson omilini
minimallashtirib, suv tejamkorligini ta’'minlash bilan birga, hosildorlikni oshirish va ekologik
barqarorlikni qo‘llab-quvvatlashga xizmat giladi. O‘zbekistonning iqlimiy va iqtisodiy sharoitlarini
hisobga olgan holda, ushbu tizimlarning mahalliy sharoitlarga moslashtirilgan holda joriy etilishi
gishloq xofaligi sohasida barqaror rivojlanishni ta’minlashda muhim qadam bo‘ladi [4]. Ushbu
magqola aqlli sug‘orish tizimlarining ilmiy asoslari, texnologik komponentlari, ishlash prinsiplari va
O‘zbekiston qishloq xo‘jaligidagi amaliy qo‘llanilishini tahlil qilishga bag‘ishlanadi. Shuningdek,
mabhalliy sharoitlarda olib borilgan tajribalar va ularning natijalari asosida suv sarfini kamaytirish,
hosildorlikni oshirish va ekologik muvozanatni saglash bo‘yicha aniq takliflar beriladi. Maqola orqali
O‘zbekiston qgishloq xofjaligida raqamli texnologiyalarni keng joriy etishning iqtisodiy va ekologik
foydalari isbotlanadi.
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Metodologiya

Ushbu bo‘limda gishloq xojaligida raqamli texnologiyalarga asoslangan aqglli sug‘orish tizimini
avtomatlashtirish va monitoring qilish jarayonida foydalaniladigan usullar, shu jumladan, tizim
arxitekturasi, ma’lumotlar to‘plamini tayyorlash, avtomatlashtirish algoritmlarini ishlab chiqish va
monitoring tizimini sozlash usullari yoritiladi. Tizimning samaradorligini baholashda qo‘llaniladigan
asosiy ko‘rsatkichlar, masalan, aniqlik, real vaqt rejimida ma’lumotlarni qayta ishlash tezligi,

tizimning barqarorligi va energiya samaradorligi kabi metrikalar haqida ma’lumotlar keltiriladi.
2.1. Monitoring qilish jarayonlari.

Qishloq xojaligida raqamli texnologiyalarga asoslangan aqlli sug‘orish tizimining monitoring
jarayonlari tizimning samarali ishlashini ta’'minlash, resurslardan oqilona foydalanishni nazorat
qilish va qaror qabul qilish jarayonlarini optimallashtirish uchun muhim ahamiyatga ega. Monitoring
jarayonlari real vaqt rejimida ma’lumotlarni yig‘ish, tahlil gilish va foydalanuvchilarga taqdim

etishdan iborat bo‘lib, quyidagi asosiy bosqichlarni o‘z ichiga oladi:
Tuproq namligi: Tuprogning namlik darajasini o‘lchash uchun gidroskopik sensorlar.

Ob-havo sharoitlari: Harorat, namlik, yomg‘ir miqdori va shamol tezligini o‘lchash uchun

meteorologik stansiyalar.

Suv sathi va oqimi: Sugorish kanallaridagi suv sathini nazorat gilish uchun ultratovushli

sensorlar.
Energiya sarfi: Tizimning elektr quvvati sarfini o‘lchash uchun energiya hisoblagichlari.

Aqlli sug‘orish tizimining monitoring jarayonlari ma’lumotlarni real vaqt rejimida yig‘ish, tahlil
qilish, vizualizatsiya qilish va tizimning barqaror ishlashini ta’minlashdan iborat. Ushbu jarayonlar
suv resurslarini samarali boshqarish, qishloq xojaligi hosildorligini oshirish va ekologik barqarorlikni

ta’minlashga xizmat qiladi.
2.2. Foydalaniladigan model turlari.

Qishloq xo%aligida raqamli texnologiyalarga asoslangan aqlli sug‘orish tizimini
avtomatlashtirish va monitoring qilishda turli mashinaviy o‘qitish va chuqur o‘gitish modellari
qo‘llaniladi. Foydalaniladigan model turlari tizimning ma’lumotlarni tahlil qilish, bashorat qilish va

optimallashtirish vazifalariga mos ravishda tanlanadi.

1. Mashinaviy o‘qitish modellari. Yomg‘ir ehtimoli yuqori bo‘lsa, sug‘orishni to‘xtatish qarorini
qabul qilish.

2. Chuqur o'qitish modellari. Ekinlarning suvga bo‘lgan ehtiyojini tasvirlar asosida aniqlash.

3. Ansambl modellar. Tuproq namligi bashorati uchun Random Forest va Gradient Boosting

natijalarini birlashtirish.
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Aqlli sug‘orish tizimida foydalaniladigan modellar vazifaning xususiyatlariga qarab tanlanadi.

2.3. Model arxitekturasi va modeli.

Qishloq xojaligida ragamli texnologiyalarga asoslangan aqlli sug‘orish tizimlari suv resurslarini
tejash, hosildorlikni oshirish va ekologik barqarorlikni ta’minlashda muhim rol o‘ynaydi. Bu tizimlar
sensorlar, markaziy boshqaruv bloklari va IoT (Internet of Things) texnologiyalari yordamida
avtomatlashtirilgan sug‘orish va real vaqt monitoringini amalga oshiradi (1-rasm) [2].

- vorug’lik J/

p- ~
Sensorlar Dasturiy

- tuproqg namligi ta’'minot/

- harorat Mobil 1lova

!

~

L

P
Markaziy boshqgaruv bloki

L (mikrokontroller yoki PLC)J

va tahlil

L

NionitoringJ

S

o
Qo0 o

Nasos tizimi

(suv quvuri orgali)

1-rasm. Avtomatlashtirilgan sug‘orish tizimining arxitekturasi.

Tuproq namligini doimiy ravishda o‘lchaydigan sensorlar aqlli sug‘orish tizimlarining asosiy
qismidir. Ular tuproqdagi namlik darajasini aniglab, bu ma’lumotlarni markaziy boshqaruv blokiga
uzatadi. Boshqaruv bloki esa ushbu ma’lumotlarni tahlil qilib, sug‘orishni avtomatik ravishda yoqadi
yoki o‘chiradi. Zamonaviy tizimlarda sug‘orish faqat kerakli vaqtda va kerakli miqdorda amalga
oshiriladi, bu suv sarfini sezilarli darajada kamaytiradi.

Aqlli sug'orish tizimlari sensorlar va IoT texnologiyalari yordamida tuproq namligini
monitoring qiladi, sug‘orishni avtomatik boshqaradi va suv resurslarini tejaydi. Masofadan
boshqaruv, real vaqt monitoringi va bulutli tahlil imkoniyatlari fermerlar uchun qulaylik yaratib,
hosildorlikni oshiradi. Energiya tejamkorligi va ekologik afzalliklari tufayli bu tizimlar zamonaviy
qishloq xo‘jaligida muhim o‘rin egallaydi.

Arxitekturani tushunish uchun quyidagicha tasniflash mumkin.
2.3.1. Sensorlar (tuproq namligi, harorati, yorugligi)

Tuproq namligi sensorlari aqlli sug‘orish tizimlarining asosiy komponenti bo‘lib, ekinlarning
suvga bo‘lgan ehtiyojini aniqlashda markaziy rol o‘ynaydi.
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- tuproqdagi namlik darajasini o‘lchaydi va sug‘orish zarurligini aniglash uchun ma’lumot
taqdim etadi;

- ma’lumotlarni real vaqt rejimida markaziy boshqaruv blokiga uzatadi.

Qo‘llanilishi: Turli chuqurliklarda (10-50 sm) joylashtirilib, ekin ildiz tizimlarining suv
ehtiyojini aniqlaydi. Masalan, drip sug‘orish tizimlarida namlik 30% dan past bo‘lsa, sugorish
avtomatik yoqiladi.

2.3.2. Dasturiy ta’'minot mobil ilova.

Mobil ilovalar IoT texnologiyalari bilan integratsiya qilingan aqlli sug‘orish tizimlarining
foydalanuvchi interfeysi sifatida xizmat giladi. Ilova bulutli serverlarda saglangan ma’lumotlarni
tahlil qilib, statistik hisobotlar taqdim etadi (masalan, haftalik suv sarfi yoki tuproq namligi
tendensiyalari) va sug‘orish jadvalini sozlaydi. Masalan, muayyan vaqt oralig‘ida yoki tuproq namligi
chegarasiga qarab sug‘orishni rejalashtirish hamda bulutli platformalar (AWS IoT, Google Cloud
IoT) bilan ma’lumot almashish kabi.

Qollanilishi: Tuproq namligi belgilangan chegaradan chigsa, ilova “Sug‘orish zarur” degan
ogohlantirish yuboradi.

2.3.3. Markaziy boshqaruv bloki (mikrokontroller)

U sensorlardan (tuproq namligi, harorati, yorugligi) yig‘ilgan ma’lumotlarni qayta ishlaydi,
sug‘orish jarayonini avtomatik boshqaradi va IoT texnologiyalari orqali bulutli platformalar bilan
integratsiya qilinadi.

Mikrokontroller ma’lumotlarni filtrlaydi, tozalaydi va oldindan belgilangan chegaralar
(thresholds) bilan solishtiradi hamda mashinaviy o‘qitish algoritmlari (masalan, Random Forest yoki
LSTM) yordamida sug‘orish vaqti va suv miqdorini optimallashtiradi. Buning natijasida mobil
ilovalar yoki veb-interfeyslar orqali foydalanuvchilarga real vaqt monitoringi va masofadan
boshqgaruv imkonini beradi.

Qo‘llanilishi: Agar suv sathi past bo‘lsa, mikrokontroller “Suv ta’'minoti muammosi” haqida
ogohlantirish yuboradi.

2.3.3. Monitoring va tahlil

Monitoring jarayoni tizimning real vaqt rejimida ishlashini ta’minlash va foydalanuvchilarga
tuproq, ob-havo va tizim holati haqida doimiy malumot taqdim etishga xizmat qiladi.
Mikrokontroller sensorlar, nasoslar va klapanlarning ishlash holatini monitoring qiladi. Aqlli
sug‘orish tizimlarida monitoring va tahlil jarayonlari sensorlardan yig‘ilgan ma’lumotlarni real vaqt
rejimida kuzatish, tahlil qilish va optimallashtirish orqali suv va energiya resurslarini tejashga yordam
beradi. Real vaqt monitoringi, mashinaviy o‘qitishga asoslangan bashoratlar va vizual hisobotlar
fermerlar uchun qaror qabul qilishni osonlashtiradi. IoT texnologiyalari bilan integratsiya gilingan
bu jarayonlar hosildorlikni oshiradi, ekologik barqarorlikni ta’'minlaydi va zamonaviy qishloq
x0'jaligining rivojlanishiga hissa qo‘shadi.

2.4. Modelni baholash usullari.

Aqlli sugorish tizimlarida modelni baholash usullari modelning anigligi, ishonchliligi va real
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sharoitlarda samaradorligini ta’minlash uchun muhimdir. Regressiya (MAE, RMSE, R?),
klassifikatsiya (Accuracy, F1-Score, ROC-AUC) va vaqt seriyasi (MAPE, sMAPE) metrikalari tuproq
namligi bashorati, suv ehtiyoji prognozlari va anomaliya aniqlash kabi vazifalarni baholashda
qo‘llaniladi. Cross-validation va A/B testing kabi usullar modelning barqarorligini sinashda yordam
beradi. Bu metrikalar va usullar tizimning suv tejash, hosildorlikni oshirish va ekologik barqarorlikni
ta’minlashdagi muvaffaqiyatini kafolatlaydi.

Sug‘orishni yoqish/o‘chirish yoki anomaliya aniqlash kabi klassifikatsiya vazifalari uchun
quyidagi metrikalar qo‘llaniladi:

To‘g’ri bashorat gilingan holatlarning umumiy bashoratlarga nisbati.

MAE = =3 |y; — 9l (1)

n

Tuproq namligi bashorati uchun MAE 2% bo‘lsa, model o‘rtacha 2% xato bilan bashorat qgiladi.
Hagqiqiy va bashorat qilingan qiymatlar o‘rtasidagi kvadratik xatolikning

MSE = = i = 9)? (2)

n

MSE ning kvadrat ildizi, xatolikni asl o‘lchov birligida ifodalaydi.

RMSE = [1IL,0 - 902 ()
Modelning ma’lumotlarni qanchalik yaxshi tushuntirishini olchaydi (0 dan 1 gacha).
24 IOiD?
R =1 =560 )

Bu yerda: n - namunalar soni (ya'ni nechta bashorat qilingan holat bor);

y; - i-chi haqiqiy qiymat (real kuzatilgan natija);

yi(bu §_;deb oqiladi) - i-chi bashorat qilingan qiymat (model tomonidan aytilgan natija).
|vi — ¥:| -haqiqiy va bashorat qilingan giymat orasidagi absolyut farg.

Bu esa tarixiy ma’lumotlarni saqlash, grafikalar chizish va hosildorlikni oldindan prognoz qilish
imkonini beradi. Fermerlar mobil ilova yoki veb-platforma orqali barcha jarayonlarni kuzatib borishi,
tizimga masofadan kirish orqali sozlamalarni o‘zgartirishi mumkin. IoT asosidagi sug‘orish tizimlari
orqali inson aralashuvi kamayadi, sug‘orish yanada aniq va samarali bo‘ladi, hamda resurslardan
foydalanish tejamli tarzda amalga oshiriladi (1 jadval).
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1-jadval. An’anaviy va avtomatlashtirilgan sug‘orish tizimlari tagqoslanishi.

Ne | Ko‘rsatkichlar An’anaviy sug‘orish tizimi Avtomatlashtirilgan sug‘orish tizimi
Suv sarfi Yugqori, ko‘p miqdorda suv isrof | Minimal, faqat kerakli miqdorda
| bo‘ladi (masalan, kanal beriladi (sensorlar yordamida suv
sug‘orishida 40-60% suv sarfi 30-50% kamayadi).
yo‘qotiladi).
Inson ishtiroki | Yuqori, doimiy kuzatuv va qo‘lda | Kam, tizim avtomatik boshqariladi
) boshqaruv talab gilinadi (IoT va mikrokontrollerlar yordamida
(masalan, suv klapanlarini inson aralashuvi 50-70% kamayadi).
ochish/yopish).
Energiya sarfi Ko‘proq, nasoslar doimiy Kamroq, energiyani tejovchi rejimda
3 ishlaydi, energiya isrofi yuqori ishlaydi (quyosh panellari va
(masalan, doimiy nasos ishlashi). | optimallashtirilgan rejimlar energiya
sarfini 20-40% kamaytiradi).
Tizimning Past, qo‘lda boshqariladi, suvning | Yuqori, sensorlar (tuproq namligi,
4 | aniqligi noto‘g‘ri tagsimlanishi mumkin. harorati) va dasturiy ta’minot asosida
(mashinaviy o‘qitish) aniq ishlaydi.
Harajatlar Davomiy xizmat ko‘rsatish va Dastlabki xarajat yuqori (uskunalar,

5 | (uzoq suv/energiya yo‘qotishlari tufayli | o‘rnatish), ammo uzoq muddatda
muddatli) yuqori xarajatlar. tejamli (suv va energiya tejash tufayli).
Hosildorlikka O‘zgaruvchan, suv yetishmasligi Bargaror va optimal, aniq sug‘orish

6 | ta’siri yoki ortigcha sug‘orish hosilni hosildorlikni 20-30% oshiradi.

pasaytirishi mumkin.
Monitoring Yo‘q yoki cheklangan, faqat Real vaqtli monitoring, mobil ilovalar

7 | imkoniyati jismoniy kuzatuv mumkin. va veb-platformalar orqali statistik

ma’lumotlar va grafiklar mavjud.
Ekologik Nisbatan past, suv va energiya Yugqori, resurslar tejamli ishlatiladi,

8 | samaradorlik isrofi tuproq degradatsiyasi va uglerod chigindilari kamayadi, tuproq

uglerod chigindilarini oshiradi. va suv resurslari barqaror saqlanadi.

Natija

Suv resurslarini tejamkor boshqarish. Sensorlar tuproq namligini doimiy monitoring qilib,
sug‘orishni faqat kerakli vaqtda va aniq miqdorda amalga oshiradi u esa suv sarfini 30-50% ga
kamaytiradi, bu suv tanqisligi muammosini yumshatadi.

Harorat va yorug'lik sensorlari sug‘orish vaqtini optimallashtirib, energiya resurslarini tejaydi
va energiya sarfi 20-40% ga kamayadi, bu tizimning iqtisodiy samaradorligini oshiradi. Inson
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aralashuvining kamayishi markaziy boshqaruv bloki (mikrokontroller, masalan, ESP32) va IoT
texnologiyalari tizimni to‘liq avtomatlashtiradi (2-rasm).

Aqlli sug‘orish tizimlari suv va energiya resurslarini tejash, hosildorlikni oshirish va inson
aralashuvini kamaytirish orqali qishloq xojaligida sezilarli natijalarga erishdi. IoT texnologiyalari,
sensorlar va mobil ilovalar yordamida real vaqt monitoringi, ma’lumotlarni saqglash va bashoratli
tahlillar fermerlar uchun strategik qarorlar qabul qilishni osonlashtiradi. Ushbu tizimlar iqtisodiy
foyda, ekologik barqarorlik va foydalanuvchi qulayligini ta’'minlab, zamonaviy qishloq xojaligining
barqaror rivojlanishiga katta hissa qo‘shmoqda.

Tuproq sensorlari Harorat sensorlari Yorug‘lik sensorlari
(namlik, suv potentsiali) (tuproq va havo (quyosh nuri
harorati) intensivligi)

A\ 4

Markaziy boshqaruv bloki (ESP32) ma’lumot
tahlili qaror gqabul aktuator boshg.

\ 2
Nasoslar va klapanlar Bulutli server (AWS IoT, Google)
(sug‘orishni boshqarish) - Ma’lumot saglash
- Tahlil va bashorat
v 4
v
Foydalanuvchi

2-rasm. Aqlli sug‘orish tizimi ishlash bosqichi.

Xulosa

Yugqoridagi tahlillar va amaliy tajribalar shuni ko‘rsatadiki, avtomatlashtirilgan aqlli sug‘orish
tizimlari qishloq xo%jaligida suv resurslaridan foydalanish samaradorligini oshirishning eng muhim
va samarali yo‘llaridan biridir. Sensorlar (tuproq namligi, harorati, yorugligi), mikrokontrollerlar
(masalan, ESP32) va IoT texnologiyalari asosida ishlab chiqilgan ushbu tizimlar o‘simliklarning suvga
bo‘lgan ehtiyojiga aniq mos keladigan tarzda, belgilangan vaqtda va kerakli miqdorda sug‘orishni
amalga oshiradi. Natijada, suv sarfi sezilarli darajada kamayadi, hosildorlik esa oshadi, bu esa
igtisodiy va ekologik jihatdan katta foyda keltiradi.

Avtomatlashtirilgan aqlli sug‘orish tizimlari nafaqat suv resurslarini tejash, balki ekologik
barqarorlik, iqtisodiy samaradorlik va ozig-ovqat xavfsizligini ta’'minlashda muhim vositadir.
O‘zbekiston sharoitida ushbu tizimlarni keng joriy etish kelajakda barqaror, samarali va
raqobatbardosh gishloq xo‘jaligini rivojlantirishga asos bo‘lib xizmat qiladi. Shu bilan birga, davlat,
xususiy sektor va ilmiy jamoatchilikning hamkorligi ushbu texnologiyalarning muvaftaqiyatli
integratsiyasi uchun muhim shart hisoblanadi.
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nnotatsiya: Maqolada ma’lumotlarning obyektli-
Aiyerarxik modelidan foydalanish masalalari ko'rib

chigiladi. Bunda umumiy magqsadli tahlil va
loyihalashning mavjud andozalari hamda real vaqt tizimlari
uchun ixtisoslashtirilgan andozalar qollanilishi tadqiq
etiladi. Bu namunaviy yechimlar toplami, shuningdek,
dasturiy taminotni qayta ishlash usullari tizimga qo‘yiladigan
talablarni rasmiylashtirish va obyekt modeli atamalarida
predmet sohasining ozaro bog'ligligini aniqlashning asosiy
qoidalar toplamini tashkil qiladi. Predmet sohasining
umumiy axborot modelini ajratish hisobiga sinflar tuzilmasini
soddalashtirish imkonini beruvchi predmetga yo'naltirilgan
va aspektga yonaltirilgan dasturlash va loyihalashtirish
usullaridan foydalanish koib chigilgan. Ulardan birinchisi
tugunlar orasidagi masofalar matritsasi asosida tarmoqning
boshlang‘ich strukturasini hosil qiladi. Ikkinchi algoritm
mintaqaviy malumotlar uzatish tarmog‘idagi texnologik
malumotlar  ogimlarining intensivligini baholashdan
foydalangan  holda  olingan  strukturani iteratsion
optimallashtirish uchun mofljallangan. Ikkala algoritm ham
kommutatsiya tranzit tugunlarining maksimal soni boyicha
cheklovni va aloqa kanallarini majburiy zaxiralash talablarini
hisobga olingan.

Kalit sozlar: axborot ogimlari, tagsimlangan tizimlar,
neft va gaz sanoati, relyatsion, operativ malumotlarni
inkapsulyatsiyalovchi axborot modellari, malumotlarni
uzatishni sinxronlashtirish.
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Kirish

Hozirgi vaqtda ko‘pgina ishlab chiqarish korxonalarida, xususan neft va gaz sanoatida
texnologik jarayonlarni boshqarishning avtomatlashtirilgan tizimlari (TJABT) ning yangi majmualari
joriy etilmoqda. Bu ishlab chiqarishning boshqaruvchanligi va samaradorligini, uning xavfsizligini,
shu jumladan ekologik xavfsizligini oshirish zarurati, shuningdek, korxonalarda o‘rnatilgan
avtomatlashtirish tizimlarining ma’naviy eskirishi bilan bog‘liq. Shu bilan birga, ishlab chiqarishning
xususiyati texnologik jihatdan boglangan mahalliy boshqaruv punktlari o‘rtasida axborot
almashinuvini ta’minlaydigan, shuningdek, hududiy tagsimlangan texnologik jarayonning holati
to‘g'risidagi barcha ma’lumotlarni markaziy dispetcherlik xonasida birlashtiradigan ko‘p darajali

boshqaruv tizimini yaratish zarurligiga olib keladi.

Ishlab chiqarishni avtomatlashtirishning buyurtma, ko‘pincha "noldan" yaratiladigan dasturiy-
apparat komplekslaridan telemexanikaning namunaviy dasturiy yechimlari va seriyali vositalaridan
foydalanishga deyarli to‘liq o‘tish sodir bo‘lganligi sababli, TTABT dispetcherlik punktini (DP) joriy
etish ma’lum bir ko‘paytiriladigan universal dasturiy majmua tarkibiga kiruvchi ma’lumotlar bazasini
(MB) mantiqiy va jismoniy loyihalashni talab qiladi. Muallif tomonidan turli ma’lumotlar
modellaridan foydalanadigan ma’lumotlar bazasini boshqarish tizimlarining (MBBT) qiyosiy tahlili
shuni ko‘rsatdiki, sanoat korxonalarini avtomatlashtirishda obyektga yo‘naltirilgan va iyerarxik
yondashuvlarni birlashtirgan ma’lumotlar bazalaridan foydalanish eng samarali hisoblanadi. Aynan
shunday ma’lumotlar bazalaridan foydalanuvchi DP TJABT dasturiy majmualari mamlakatimiz va

xorijda bir qator neft kompaniyalarining ishlab chiqarish bo‘linmalarida keng joriy etilmoqda.

Biroq, bunday ma’lumotlar bazalarini avtomatlashtirilgan loyihalash tizimlari mavjud emas,
zamonaviy nazariy ishlar asosan dasturlash metodologiyasiga ta’sir qiladi (obyektga yo‘naltirilgan
yondashuvni kengaytirishni taklif qiladi) yoki ma’lumotlarning relyatsion, postrelyatsion, obyekt

modellarini rivojlantiradi.(Xoshimov va Yakubov([1])

Tagsimlangan boshqaruv tizimlarining axborot oqimlari, shuningdek, obyektli-iyerarxik
ma’lumotlar bazalarini loyihalash nazariyasi masalalari korib chiqilgan ishlarning tahlili ularni

sanoatning ko‘plab tarmoqlarida keng amaliy qo‘llash dolzarbligini asoslaydi.

Turli ishlab chiqaruvchilarning TJABT DP tizimlarida uch xil turdagi ma’lumotlar bazalari
qollaniladi. Biroq, ularning barchasiga bir qator umumiy talablar qo‘yiladi. Bu talablarni bajarish

ma’lumotlar bazasi turidan qat’i nazar zarur hisoblanadi. Ushbu asosiy talablar quyidagilardan iborat:

- - "Obyekt" paradigmasini qo‘llab-quvvatlash - o‘lchanayotgan yoki hisoblangan kattalikning
qiymatini, uning atributlarini, ma’lumotnoma ma’lumotlarini va ma’lumotlar bazasida ushbu

ma’lumotlar guruhlarini turlash vositalarining mavjudligini oz ichiga olgan ma’lumotlar guruhi;

- Har safar tezkor ma’lumotlar yangilanishlari kelib tushganda hisoblangan giymatlarni qayta

hisoblash imkoniyati.
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Ma’lumotlar modelidan qat’iy nazar, barcha ma’lumotlar bazalariga adabiyotlarda keltirilgan

loyihalash bosqichlari ketma-ketligi qo‘llaniladi. (Yakubov[2])

Tahlillar muhokamasi

Ma’lumotlar modellarining har biri maxsus nomlash usullarini (ular obyektlarni mantiqiy
tartibga solish uchun ham qo‘llaniladi) va saglanayotgan ma’lumotlarga murojaat qilish yo‘llarini
talab etadi. O‘qish/yozish amallarining yuqori tezkorligi, belgili nom yoki noyob identifikator orqali
ma’lumotlar guruhiga kirishning samaradorligi TJABT DPning real vaqt rejimida ishlashining
zaruriy shartidir. Bu shartlar iyerarxik ma’lumotlar bazalari va mohiyatlar to‘plami ma’lumotlar
bazalari orqali ta’minlanadi. Relyatsion MBBTda ma’lumotlarni saqlashni tashkil etishning qabul
qilingan usullari operativ ma’lumotlarni tanlash tezligini pasaytiradi. Muallif tomonidan o‘tkazilgan
har tomonlama baholash natijasida, obyektli-iyerarxik ma’lumotlar bazalari TJABT DP ma’lumotlar

omborining vazifasi uchun eng maqbul ekanligi to‘g‘risida xulosa chiqarildi.

Texnologik jarayon va avtomatlashtirilgan ishlab chiqarishning axborot modelida keyinchalik
aks ettirish uchun bajariladigan predmet sohasini dekompozitsiyalash usullari tahlil gilinadi. Obyekt
dekompozitsiyasining asosiy usuli sifatida mohiyat abstraksiyalaridan foydalangan holda
dekompozitsiya ko‘rib chigilgan. Undan foydalanish predmet sohasi mohiyatlariga mos keluvchi
abstraksiyalarni ajratish imkonini beradi. Biroq, obyekt modelini dekompozitsiyalashda sinflar
o‘rtasida o‘rnatilgan munosabatlarni keyingi darajaga o‘tkazish muammosi yuzaga keladi. Ushbu
muammoni hal qilishning uchta usuli taklif etilgan: 1. Hosila sinflar interfeysining bazaviy sinfga
mosligini ta’'minlovchi sinflarning gomomorf iyerarxiyalarini yaratish. 2. Keyingi darajaga o‘tishda
avvalgi darajadagi sinfni detallashtirishni ham konteyner sifatida, ham dastlabki interfeysni amalga
oshiruvchi kontroller sifatida ko‘rib chiqish. 3. Yangi sinflarning har biri bilan alohida yangi aloqalar

o‘rnatish. (Uzakov va Xoshimov[3])

Obyekt dekompozitsiyasining boshqa wusullari (xulg-atvor abstraksiyalaridan, virtual
mashinadan foydalangan holda) ProTni tahlil qilishda e’tiborga olinadi, ammo asosiy deb

hisoblanishi mumkin emas.

MBBTdan foydalanish sinflar tizimi va vorislik mexanizmidan foydalanib, MBni tahlil qilish
natijalarini ifodalash va uning tushunchalarini ma’lumotlarni saqlash tuzilmasining o‘zida
mavhumlashtirish uchun metamodelni aniq belgilash imkonini beradi, relyatsion MBBTda

qo‘llaniladiganidan farqli dasturiy o‘zaro ta’sir va ma’lumotlarga kirish mexanizmlarini talab giladi.

Ma’lumotlar bazasiga kirishning ikkita asosiy operatsiyasi: ma’lumotlarni saqlashning mavjud
tuzilmalaridan ma’lumotlarni tanlash (o‘qish/yozish) va bu tuzilmalarning o‘zini o“zgartirish (MBBT
atamalarida ma’lumotlar sxemasini o‘zgartirish) ikki usulda amalga oshirilishi mumkin: ma’lumotlar

guruhlarini boshqarish va ularning qiymatlarini olish uchun MBBTning amaliy dasturlash
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interfeysidan foydalanadigan dasturni yozish (protsedurali yondashuv), va so‘rovlarning deklarativ
tilidan foydalangan holda - MBBT protsessori tomonidan talqin qilinadigan va uning asosida natija
shakllantiriladigan jumlani yozish. Bir tomondan, uchinchi yoki to‘rtinchi avlod obyektga
yo‘naltirilgan dasturlash tilidan foydalanuvchi dasturchi uchun birinchi yondashuvda MBBTning
afzalligi namoyon bo‘ladi: foydalanilayotgan til vositalari bilan MB obyektlarini bevosita
manipulyatsiya qilish imkoniyati. Boshqa tomondan, protsedurali yondashuvda so‘rovni tuzish aslida
alohida dasturni yozishni anglatadi, bu esa ilovalar algoritmining berilgan ma’lumotlar tuzilmasiga
bogliqligini kuchaytirish, so‘rovni dasturiy kod darajasida optimallashtirish zarurati (MBBTning
o‘zini so‘rovni optimallashtirishning amaliy imkoni yo‘qligi), har bir so‘rovning murakkabligi, uning

avtomatik tekshirishga zaif yaroqliligi kabi salbiy oqibatlarga olib keladi.

DPga nisbatan ma’lumotlar ustida amalga oshiriladigan operatsiyalar ko‘rib chiqildi (1-rasmga
qarang). Bulardan eng asosiylari tezkor ma’lumotlarni kiritish, saqlash va ma’lum bir mijozga
uzatishdir. TJABT DP dasturiy majmuasidagi o‘zaro ta’sirlarni tahlil qilish natijalariga ko‘ra,
ma’lumotlar ustida bajariladigan operatsiyalarga qarab tasniflangan axborot ogimlarining uchta
asosiy turi aniqlandi: o‘zgarishsiz uzatish, agregatsiya va saqlanayotgan ma’lumotnoma ma’lumotlari
bilan birlashtirish lozim. Bunda bitta DP kompleksi tarkibidagi o‘zaro ta’sirlashuvchi dasturlar ikkita
mustaqil DP - ma’lumotlar uzatish tarmog‘i uzellari bilan bir xil algoritmlardan foydalanadi. Har bir

algoritmdan foydalanganda ma’lumotlar ogimi intensivligining qiyosiy tahlili keltirilgan.

Yuqori: darajali TJABT
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1-rasm. TJABT DP tarkibiy gqismlarining o‘zaro axborot aloqalari
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DPning boshqarishning quyi darajalari bilan o‘zaro ta’siri ma’lumotlarni uzatish protokoli bilan
belgilanadi, unda manzillash, oz navbatida, ma’lumotlar manbai - kontrollerning manzil maydoniga
bogliq. Hozirgi vaqtda BHT (Birlashgan hisoblash tizimi) texnologiyasining tobora keng tarqalishi
ma’lumotlarning obyektli-iyerarxik tuzilmalaridan foydalanishning maqbulligi to‘g‘risida yuqorida
qilingan xulosa foydasiga yana bir dalilni beradi - ma’lumotlar manbai va qabul qiluvchisida bir xil
tuzilmalarni yaratish, ya'ni ma’lumotlarni uzatish protokoli serverining nomlar fazosining iyerarxik
tuzilmasini TJABT DP MBda takrorlash hisobiga ma’lumotlar oqimlarini o‘zgartirish va

ma’lumotlarni uzatishning mantiqiy shaffofligini minimallashtirish mumkin.

Mavjud so‘rovlar tillarining kamchiligi shakllantirilayotgan tanlanmaning statikligidir
(ma’lumotlarni yangilash uchun tasavvurni shakllantiruvchi butun so‘rovni qayta bajarish talab
etiladi). TJABT DP MBda saglanayotgan tezkor ma’lumotlarga samarali kirish uchun OYMBda
“Uchinchi avlod ma’lumotlar bazasi tizimlari manifesti" - "yangilanadigan tasavvurlarning

mavjudligi" takliflaridan birini hisobga olish va amalga oshirish kerak.

Qurilish, transport, yig‘ish ishlab chiqarishi va boshqalarning diskret texnologik jarayonlaridan
farqli o‘laroq, ularni boshqarish ma’lum bir harakatlar algoritmiga keltiriladi, uzluksiz texnik xizmat
ko‘rsatish uchun boshqaruvning dolzarb vazifasi belgilangan texnologik rejimni saqlashdir. Shuning
uchun TJABT DPni yaratishda ishlab chiqarish, texnologik jarayonning axborot modelini yaratish va
uning dolzarbligini saqlash (yangilash) vazifasi qo‘yiladi.

TJABT DP ichki tuzilmasini loyihalash masalasi ushbu ishda obyektli-iyerarxik tuzilmani
loyihalash masalasi sifatida qaraladi. Shuning uchun tasniflash uchun abstraksiyalarni ajratish,
predmet sohasi obyektlarini iyerarxik tartibga solish, ushbu obyektlarning dinamik xatti-harakati va
o‘zaro ta’sirining umumiy xususiyatlari va ssenariylarini ajratish va umumlashtirish muammosi
paydo bo‘ladi. TTABT DP da uzluksiz texnologik jarayonning axborot modelini (Til) yaratish uchun

dasturiy ta’minotni (DT) loyihalashning zamonaviy texnologiyalarini moslashtirish masalasi yuzaga
keladi.

T] dekompozitsiyasi va modellashtirish tamoyillarini aniqlashda ikki xil yondashuv bo‘lishi
mumkin. Birinchi holatda, "texnologik boshqaruv obyekti (TBO)" - ya’ni "texnologik uskunalar va
unda amalga oshirilayotgan texnologik jarayonni o‘z ichiga olgan boshqaruv obyekti" tushunchasi
bilan rasmiylashtirishda, korxonaning TBO to‘plami holatlarining muvofiqlashtirilib tuzilgan rasmiy
modellarini yaratish va shu orqali barcha ishlab chiqarish uchastkalarida texnologik jarayon holati
haqidagi ma’lumotlarni saqlash imkoniyati paydo bo‘ladi. Ikkinchi holatda axborot modeliga va
umuman ishlab chiqarish jarayonini boshqarish usullariga hamda korxona xizmatlarining har biriga

qo‘yiladigan talablarni ajratib ko‘rsatish va rasmiylashtirish mumkin.

Tanlangan yondashuvdan qat’i nazar, avtomatlashtirilgan tizimlarning ma’lumotlar bazalarida
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saqlanadigan barcha ma’lumotlarni me’yoriy-ma’lumotnoma (MMA) va tezkor (telemetrik) axborot
turlarga bolish mumkin. MMA tizimning butun hayotiy sikli davomida past darajadagi
o‘zgaruvchanlik bilan tavsiflanadi va texnologik jihozlarning konstruktiv va ekspluatatsion
xususiyatlarini, tashkiliy-hududiy bo‘linishini va boshqalarni tavsiflaydi. Tezkor ma’lumotlar
avtomatlashtirilgan sohaning joriy holatini tavsiflaydi, TJABT holatida - texnologik jarayonning
holati, ularning o‘zgarish davriyligi sekundlar bilan o‘lchanadi. NMI qism to‘plamlari va tezkor
ma’lumotlarni birlashtirish formallashtirilgan tavsif asosida texnologik jarayonning dinamik

modelini yaratish imkonini beradi. (Uzaqov[4])

An’anaga ko‘ra, ma’lumotlar bazasi obyektlarini tanlashda predmet sohasini tahlil gilish
natijalaridan foydalaniladi - TOUning "konteyner-element" tamoyili bo‘yicha iyerarxik tartibga
solingan, ularni TJABT MB tuzilmasiga tashkil etish tamoyili sifatida esa ma’'muriy-hududiy yoki
ishlab chiqarish bo‘linishidan foydalanish (bu uzluksiz TJni rasmiylashtirishning aytib o‘tilgan
tamoyillaridan birinchisini amalga oshirishdir). Biroq, iyerarxik tahlil va "yuqoridan pastga" yoki
“pastdan yuqoriga" loyihalashtirish usullarini TJABT MBni umuman loyihalashtirishga tarqatish
ma’lumotlarning yagona tuzilmasida avtomatlashtirilgan ishlab chiqarishga faqgat bitta nuqtayi
nazarni aniq aks ettirish imkonini beradi. Ushbu yondashuv va mavjud uslubiy apparat to‘liq

qo‘llaniladi,

Turli toifadagi foydalanuvchilarning T] axborot modeliga bo‘lgan subyektiv talablarini hisobga
oluvchi ikkinchi turdagi rasmiylashtirishda T] modelini amalga oshirishga urinishda MB loyihachisi
oldida axborot tizimlarini dasturiy ishlab chiqishdagi kabi ma’lum muammolar paydo bo‘ladi.
Ularning mohiyati shundaki, obyektga yo‘naltirilgan usullardan foydalanishda dekompozitsiya
predmet sohasini tahlil gilish natijasida olingan mohiyat yoki xatti-harakatlarning abstraksiyalaridan
foydalangan holda amalga oshiriladi. Ushbu turdagi dekompozitsiya samarali dasturiy kodga
aylantiriladi, ammo u foydalanuvchilarning butun tizimga bo‘lgan xususiyatlari yoki talablarini
tavsiflovchi talablar spetsifikatsiyalari tuzilishiga mos kelmaydi - strukturaviy nomuvofiqlik yuzaga
keladi. Bu shunda namoyon bo‘ladiki, dasturiy kodda har bir talabning qo‘llab-quvvatlanishi
loyihalashning bir nechta abstraksiyalari bo‘yicha "sochiladi" (scatter); obyektlarning har birida bir
nechta turli xil talablarning qo‘llab-quvvatlanishi ularning tuzilishini "chalkashtiradi” (tangle), bu esa
model va dasturiy kodning tushunarliligini pasayishiga olib keladi, sinflar va umuman modelni ishlab

chiqish, kengaytirish va qayta ishlatish murakkabligini oshiradi.

Foydalanuvchilarning turli guruhlari talablarini qo‘llab-quvvatlashdan tashqari, sinflar
tuzilmasining murakkablashishiga o‘zaro ta’sir mexanizmlarini (xavfsizlik, xizmat ko‘rsatish sifati,
ma’lumotlar yaxlitligini ta’'minlash va shu kabilarga qo‘yiladigan talablar) qo‘llab-quvvatlash olib
keladi. Bunday operatsiyalarni bajarish uchun ixtisoslashtirilgan funksionallikni joriy etish, ya'ni
turli, ko‘pincha mantiqan bogliq bolmagan sinflarning shartnomalarini bir xil kengaytirish talab

etiladi.
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Ushbu muammolarni hal qilish uchun subyektga va jihatga yo‘naltirilgan loyihalash tamoyillari

va usullaridan foydalanish taklif etilgan. (Xoshimov [5])

Loyiha modellarida talablarni to‘gridan-to‘g’ri aks ettirishni qo‘llab-quvvatlash uchun
an’anaviy obyektga yo‘naltirilgan loyiha yangi dekompozitsiyalarni qo‘shish orqali kengaytiriladi.
S.Klark subyektga yo‘naltirilgan modelni "umumiy strukturani turli talablarga mos keluvchi, bir-
birini qoplashi mumkin bo‘lgan bir nechta modellarga ajratishni qo‘llab-quvvatlaydi,” deb ataydi.
Alohida modellarning keyingi birlashuvi modelning bir-birini qoplaydigan (yoki axborot jihatdan
o‘zaro ta’sir ko‘rsatadigan) elementlarini va ularni birlashtirish usullarini belgilaydigan bog‘lanish
munosabatlari bilan belgilanadi. Oz navbatida, olingan xususiy (subyektli) modellarning har biri T]
axborot modeliga qo‘yiladigan talablarni to‘liq detallashtirishga erishilgunga qadar keyingi subyektli
dekompozitsiyaga uchrashi mumkin. Faqat shundan keyingina olingan xususiy modellar an’anaviy

obyektga yo‘naltirilgan dekompozitsiyaga duchor bo‘lishi mumbkin.

Loyihalashning subyektga yo‘naltirilgan kengayishini ko‘rsatadigan bunday yondashuv,
texnologik jarayonlarning ixtisoslashtirilgan axborot modellarini yaratish imkonini beradi. Bu
modellarning har biri iyerarxik tartibga solingan obyektlar to‘plamidan iborat bo‘lib, ular operativ
ma’lumotlarni, ularning atributlarini, hosilaviy qiymatlarini, shuningdek ikki turdagi usullarni o‘z
ichiga oladi: obyekt ichidagi ma’lumotlarni o‘zgartiruvchi va boshqa obyektlar, shu jumladan boshqa
subyektlarda mavjud bo‘lgan obyektlar bilan axborot aloqalarini (o‘qish, yozish) ta’minlovchi usullar
hisoblanadi.

Bunday holda, TTABT DP MB ma’lumotlarni to‘liq markazlashtirilmagan holda saqlash bilan
bir nechta mustaqil subyektlarning birlashmasidir. Shuningdek, TTning o“zaro mustaqil
subyektlarini ajratish va qo‘llab-quvvatlash, obyektlar tuzilishini soddalashtirish hisobiga,
obyektlarning har birini chekli avtomat sifatida ko‘rib chiqish imkoniyatini yanada muvaffaqiyatli
qo‘llash imkonini beradi va, demak, ularning to‘plamini ma’lum bir mantiqiy tasavvurni hosil giladi
- qo‘yilgan cheklovlarni hisobga olgan holda berilgan predmet sohasida TT holatining funksiyasi
sifatida. qo‘llaniladi. (Yakubov va boshq.[6])

O‘z navbatida, "kesishuvchi" talablarni amalga oshirish muammosi predmet sohasining
mohiyatini mavhumlashtiruvchi sinflarning bir xil "shartnoma majburiyatlarini” bajarish yuklatilgan

qandaydir qo‘shimcha dasturiy "qatlam"ni kiritish orqali samarali hal qilinishi mumkin.

Buning uchun 1997-yilda G. Kikzales boshchiligidagi Xerox PARC dasturchilari guruhi
tomonidan aspektga yo‘naltirilgan dasturlash (APD) konsepsiyasi taklif etildi. Ular tomonidan jihat
tushunchasi aniq kiritilgan bo‘lib, u tizimning protsedura ko‘rinishida aniq amalga oshirilishi
mumkin bo‘lmagan xususiyatidir. "Aspektlar tizimning funksional dekompozitsiyasi elementlari
bolishga moyil emas, balki komponentlarning samaradorligi yoki semantikasiga tizimli ta’sir
ko‘rsatadigan xususiyatlardir." Bu jihatlar "tizimning funksional dekompozitsiyasi birliklari bo‘lish

tendensiyasiga ega" komponentlarga qarama-qarshidir. ADPning maqsadi "dasturchiga
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komponentlar va jihatlarni bir-biridan aniq ajratishda yordam berish, ularni mavhumlashtirish va
butun tizimni olish uchun birlashtirish imkonini beradigan mexanizmlarni ta’minlashdir." (Yakubov
va boshq.[7])

Takliflar

Biz tomonlarni modellashtirish usullarini ko‘rib chiqdik, ular asosan UML kengaytmalari
bo‘lib, funksional operatsiyalarni amalga oshirishda, ma’lumotlarni uzatishni sinxronlashtirishning
turli rejimlarida (2-rasmga qarang), ma’lumotlar manbalari - quyi tizimlar bilan o‘zaro ta’sir qilishda

tomonlarni qo‘llashni tavsiflovchi bir qator modellarni taklif qildik.

Ishlab chiqarish va texnologik jarayonning subyektga bog‘liq bo‘lmagan modellarini yaratish
doirasida ham, axborot ogimlarini aspektga yo‘naltirilgan boshqarish uchun ham amalga
oshiriladigan boshqariladigan guruhlar - obyektlar to‘plamlarini joriy etish, shuningdek, guruhning
qo‘shimcha semantik yuklamasini joriy etishda, TJTABT DP OYMBga so‘rovlarning deklarativ tilini

amalga oshirish uchun zarur shart hisoblanadi.

<<aspect>> GroupManager
GroupManager
UnlockGroup()
Deadband > S A )
ChangedObis(] StartTransAction()
TiadGroups(]
LockCounter M,
LockGroup()
UnlockGroup() LockGroup--;
p--
StartTransaction() if(LockGroup==0) &&
CheckDeadband() ChangedObjs size!=0)
=<=pefore=> OnSetValue() StartTransaction(
LockGroup()
<zUse>> <<Pointcut>> o
[TiedGroup ro'yxatidagi barcha guruhlar uchun]
\l/ \l/ ?SetValue(...) i'j_! '
<<group== E
Signal '
a) b)

2-rasm. O‘zgarishlarni uzatishda obyektlarni bloklashni boshqarish uchun aspekt sinfini kiritish.

Neft va gaz sanoatida ishlab chiqarishning o“ziga xos xususiyatlari tufayli (uzluksiz, keskin
nostatsionar texnologik jarayon bilan ajralib turadigan yuqori xavfli korxonalar) butun tarmoqning
ishonchli ishlashiga yuqori talablar qo‘yiladi. Bu ishlab chiqarish uchun zarur bo‘lgan barcha axborot
aloqalarini takrorlash zarurligini anglatadi: asosiy aloga kanali (AK) ishdan chiqqanda, tezkor
ma’lumotlar ajratilgan zaxira AK yoki boshqa yo‘nalish bo‘yicha (boshqa ma’lumotlar to‘plamlarini

uzatish uchun ishlatiladigan) uzatilishi kerak, ammo barcha xabarlarni yetkazib berishning
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ehtimoliy-vaqt xususiyatlarini saqlab qolish kerak. Barcha AKlarni yotqizish va to‘liq takrorlash
uchun sezilarli xarajatlar va shu bilan birga, o‘tkazuvchanlik qobiliyatini oshirishning sezilarli
darajada past narxi tarmoq tuzilishini va aloqa kanallarining o‘tkazuvchanlik qobiliyati

parametrlarini sintez gilish va optimallashtirish vazifasini qo‘yishga olib keladi.

Dastlab tugunlar joylashgan ko‘plab joylar (va, demak, ular orasidagi masofalar matritsasi)
berilgan; bog‘liqlik matritsasi, shuningdek, ular asosida MMUT (Mintaqaviy ma’lumotlar uzatish
tarmog'i) yaratiladigan aloqa kanallarining xususiyatlari: Cy = {cg,,} - aloqa kanallarining (AK)
samarali o‘tkazuvchanlik qobiliyatlari to‘plami; B = {b,,} - samarali o‘tkazuvchanlik qobiliyatiga ega
bo‘lgan AK uchun apparat-dasturiy vositalarga bo‘lgan nisbiy xarajatlar to‘plami cg,,, m=1, ..., M, bu

yerda, M - MMUTni qurishda qo‘llanilishi mumkin bo‘lgan AK turlari soni.

Quyida keltirilgan usullardan foydalanib, har ikki tugun orasidagi axborot ogimlarining

intensivligini va xabarlar uzunligi p ning tagsimlanishini baholash mumkin.

U holda MMUT strukturasini qurish masalasi quyidagicha qo‘yiladi. Quyidagi shartlarni
qanoatlantiruvchi x = {xy},y = {yy},i =1,..,N,j=1,..,N,i # j ni topish talab etiladi:

{1, agar MMUT tuzilmasida a; va a; o‘rtasida kanal mavjud bo‘lsa
x
y

0, aks holda

e 1, agar 4, oqim a, va a; orasidagi kanal orqali uzatilayotgan bo‘lsa
Yi =
0, aks holda

U holda samaradorlik mezonini quyidagicha yozish mumbkin:

F(x,y)=>.D R, -x, > max (1)

M ()

bu yerda
__ 4 )
ij_ceij"bzy"lij ()
1+ A,00)-T
C - ®® (3)
g /JT

(3) ifoda - aloqa kanalining qobiliyati, u orqali uzatiladigan xabarlar oqimining parametrlari va
MMUTning topologik tuzilishini va unda gqabul gilingan kommutatsiya rejimini hisobga olgan holda
o‘rtacha yetkazib berish vaqtiga bo‘lgan talab o‘rtasidagi muvofiqlikni o‘rnatadi. (1) - (3) ifodada
ishonchlilikka qo‘yilgan talablar aks ettirilmagan, ular boshlang‘ich strukturani generatsiyalash va

MMUThni optimallashtirish algoritmlarida hisobga olingan.
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Masalaning umumiy yechimini ikki gismga bo‘lish mumbkin:

1|21

orasidagi yo‘nalishlarda, ma’lumotlarning MMUTga kelib tushish xarakteri va ularni

,i=1,..,N,j=1,..,N,i #j xabarlar oqimining intensivligini a; va a;, ugunlar

uzatish algoritmlarini hisobga olgan holda bashoratlash.

2. Boshlang‘ich MMUT strukturasini generatsiyalash va uni keyinchalik optimallashtirish
bosqichlaridan iborat MMUT topologik strukturasini sintezlashni amalga oshirish.

Tezkor texnologik axborot almashinuvining ikki tuguni - mijoz va server, qabul giluvchi va
tezkor texnologik axborot manbai o‘rtasidagi axborot oqimlari xarakterini baholash amalga
oshirilgan va uning intensivligini baholash mexanizmi taklif etilgan bo‘lib, u foydalanilayotgan
axborot almashinuvi algoritmiga bevosita bogliq. Bunday algoritmlarning uchtasi ajratiladi:
giymatlarni davriy so‘rash, o‘zgarishlarni davriy so‘rash, o‘zgarishlarni spontan uzatish. Uzatilgan
axborot hajmi faqat birinchi holatda qat’iy belgilangan, qolganlarida esa faqat so‘rov davrida umumiy

ma’lumotlar hajmining ma’lum bir ulushi kelib tushish ehtimoli haqgida gapirish mumkin.

Server ma’lumotlar bazasidagi signallarning umumiy sonidan kutilayotgan o‘zgarishlar foizi
turlicha bo’lib, texnologik jarayonning kechish rejimiga (shtat, avariya) va signal turiga

(telesignalizatsiya, teleo‘lchash) bog'liq.
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3-rasm. Signallarning o‘zgarish ehtimolligi tagsimoti (% larda).

Ushbu ulushni baholash uchun Puasson tagsimotidan foydalanamiz. Ehtimolliklarning
tagsimlanish grafigi (3-rasmga qarang) so‘rov davrida o‘zgarishi sodir bo‘ladigan ma’lum turdagi
signallarning umumiy sonining foizi abssissa o‘qiga qo‘yilgan) o‘zgarishlarning haqiqiy ehtimolligini

ekspert baholash bilan mos keladigan ¢ parametrining giymatlarini topish mumbkin.

U holda, kanal darajasidagi tasdiqlovchi ma’lumotlar hajmini e’tiborsiz qoldirgan holda, so‘rov

o‘tkazish davrida MMUTga kelib tushadigan ma’lumotlarning umumiy hajmi quyidagicha bo‘ladi:
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Os, =Dy (¢)'Z(1+Si 'Zi) (4)
Ny, :[%}"‘1 (5)

(QS[ - mijozning amaliy so‘rovi hajmi - o‘zgarishlarni davriy so‘rov qilishda e’tiborga
olinmaydigan darajada kichik va o‘zgarishlarni o‘z-ozidan uzatishda mavjud emas.). U holda
Osr =05, +(Nyy)-H va

l — QST
S
T, —(Tps +Tpc)

(6)

Bu yerda D - freymga joylashtirish mumkin bo‘lgan amaliy ma’lumotlarning maksimal hajmi,
H - freym sarlavhasi o‘lchami, T} - o‘zgarishlar so‘rovining normativ davri, Tps, Tpc - server va mijoz

tomonidan so‘rovlarni qayta ishlash va javoblarni shakllantirish uchun sarflanadigan vaqt.

Hisoblash tarmoglari nazariyasining prinsipial qoidalariga va radial-tugunli tuzilmalarni
generatsiyalashning ma’lum algoritmlariga asoslanib, neft va gaz sanoatida dispetcherlik
boshgaruvining tagsimlangan tizimlarida axborot ogimlarining o‘ziga xos xususiyatlarini hisobga

olgan holda MMUTning boshlang‘ich tuzilmasini generatsiyalash algoritmi taklif etilgan.

Olingan MMUT strukturasini optimallashtirish uchun evristik algoritm taklif etilgan bo‘lib,
unda to‘plamning N nugqtalari uchun (yagona ajratilgan markaziy kommutator bilan) N-2 iteratsiya
davomida berilgan markaziy tugun va ikkita "qo‘shni" mahalliy tugunlar o‘rtasidagi aloqa kanallari
ketma-ket ko‘rib chiqiladi. Ishonchlilikka qo‘yilgan talablarni hisobga olgan holda, har qanday o“zaro
ta’sirlashuvchi MMUT tugunlari va oldingi iteratsiya natijalari o‘rtasidagi tranzit uchastkalarning
maksimal soni bo‘yicha cheklovlarni hisobga olgan holda, algoritmning har bir gadami uchun xususiy

optimal yechim topiladi.

Avtomatlashtirilgan korxonalarning ko‘rib chigilayotgan turi boshqaruvning to‘rtta ajratilgan
darajasi bilan tavsiflanadi: texnologik obyekt, texnologik zona, hududiy boshqaruv va umuman
korxona; oxirgi ikkita daraja dispetcherlik boshqaruviga tegishlidir. Shu bilan birga, TJABT DP
tarkibida markazlashtirilgan ma’lumotlar omborini yaratish sanoatning dolzarb talabi bo‘lib,
xususan, "tezkor, balans va arxiv ma’lumotlari, me’yoriy ma’lumotnoma ma’lumotlarini oz ichiga

olgan yagona ma’lumotlar bazasini shakllantirishga alohida e’tibor qaratish kerakligi" ta’kidlangan.

Ishlab chiqilgan metodika model darajalarining o‘zaro bogliqligini matritsa ko‘rinishiga
keltirish orqali mustaqil subyektga yo‘naltirilgan kichik modellarni obyekt-iyerarxik MBning yagona
tuzilmasida birlashtirish imkonini beradi. Shuningdek, axborot aloqalarini tavsiflovchi guruhlarga
obyektga yo‘naltirilgan yondashuv (merosxo‘rlik, polimorfizm) usullarini qo‘llash orqali MB

obyektlari va kontrollerning nomlar fazosidagi signallarni individual boglashni talab qiluvchi
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telemexanika tizimining kontrollerlari bilan TJABT DP axborot almashinuvini sozlash masalasini

yechish avtomatlashtirilgan.

Xulosa

Neft tashish korxonalari dispetcherlik punktlarining ishlab chiqgilgan ma’lumotlar bazalari
axborot oqimlarini boshqarish va ma’lumotlar yaxlitligini ta’minlash uchun moslashtirilgan va
aspektga yo‘naltirilgan dasturlash usullari qollanilgan, bu esa TJABT DPning axborot va dasturiy
ta’minotini tashkil etish samaradorligini oshirish imkonini bergan. TJABT DP MB tuzilmasini
kombinator sintezlash vazifasini bajarish uchun nafaqat MB mohiyatlarining loyihaviy variantlari,
balki ma’lumotlar ustida amallar bajarishning loyihaviy variantlari ham ishlab chiqildi; ularni
kombinatsiyalash qoidalari ham kiritildi. Mintaqaviy ma’lumotlar uzatish tarmog‘ining (MMUT)
boshlang‘ich tuzilmasini optimallashtirishning original evristik algoritmi taklif etilgan bo‘lib, u
TJABT DPning belgilangan ishonchli ishlashini ta’minlash uchun zarur bo‘lgan aloga kanallarini

majburiy zaxiralash talablarini hisobga oladi.
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MASOFAVIY TALIM
AXBOROT TIZIMINING
TALABA PERSONAL
KABINETINING
FUNKSIONAL
IMKONIYATLARI

nnotatsiya: Masofaviy talim axborot tizimida

talabaning shaxsiy (personal) kabineti orqali talim

olish jarayonining qulayliklari va samaradorligi
yoritilgan. Asosiy e'tibor talaba kabinetining funksional
imkoniyatlari - oquv rejalari, fanlar ro‘yxati, topshiriglarni
olish va topshirish, baholarni ko'rish, oqituvchi bilan muloqot
qilish, ishtirokni kuzatish va oz faoliyatini tahlil gilish kabi
modullarga qaratilgan. Zamonaviy talim texnologiyalari
asosida yaratilgan axborot tizimlarining foydalanuvchiga
yonaltirilgan interfeysi, interaktivlik darajasi va texnik
moslashuvchanlik xususiyatlari organildi.

Kalit so‘zlar: Masofaviy ta'lim, talaba personal kabineti,
axborot tizimi, funksional imkoniyatlar, interaktiv ta’lim,
raqamli texnologiyalar, test va nazoratlar, fan kontenti, ta'limni
boshqarish, Canvas, Moodle, Edmodo tajribalari, ozlashtirish
ko'rsatkichlari, baholash tizimi, elektron oquv resurslar.
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Kirish
Raqamli texnologiyalar jadal rivojlanayotgan bugungi kunda ta’lim sohasida masofaviy o‘qitish
tizimlari keng qo‘llanilmoqda. Jumladan, talabalar va o‘qituvchilar o‘rtasidagi muloqot, bilim olish
jarayoni va baholash tizimi elektron platformalar orqali amalga oshirilmoqda. Masofaviy ta’lim

axborot tizimining asosiy komponentlaridan biri - bu talaba shaxsiy kabineti bo‘lib, u orqali talaba

oz ta'lim faoliyatini mustaqil ravishda boshqaradi [1].

Talaba kabineti orqali foydalanuvchi o‘quv rejalari, fan materiallari, testlar, nazoratlar, amaliy
topshiriglar, video darslar va baholar bilan real vaqt rejimida ishlash imkoniyatiga ega bo‘ladi. Ushbu

magqolada mazkur tizimning imkoniyatlari tahlil gilinadi va xalqaro tajribalar bilan solishtiriladi.

Adabiyotlar tahlili

Masofaviy ta’lim axborot tizimlari (MTAT) bugungi kunda ta’lim sohasida katta o‘zgarishlar va
yangi imkoniyatlar yaratmoqda. An’anaviy ta’lim shakllaridan fargli o‘laroq, masofaviy ta’lim axborot
tizimlari o‘quv jarayonini raqamli muhitda tashkil etish va boshqarishni ta’'minlaydi. Bunday axborot
tizimlari o‘gituvchilar va talabalar o‘rtasida interaktiv alogalarni o‘rnatish, o‘quv resurslarini samarali

tagsimlash va ta’lim jarayonini individuallashtirish imkonini beradi.

MTAT o‘quv jarayonini optimallashtirish, resurslardan samarali foydalanish va ta’limning
sifatini oshirish uchun keng ko‘lamli funksional imkoniyatlarni taqdim etadi. Ushbu axborot tizimlari
orqali ta’lim muassasalari ma’lumotlarni boshqarish, monitoring qilish, va talabalar faoliyatini
kuzatish kabi funksiyalarni amalga oshirishi mumkin. Shuningdek, MTAT o‘qituvchilarga oz
darslarini samarali rejalashtirish va o‘quv dasturlarini ishlab chigishda yordam beradi, talabalar esa

0z 0‘quv jarayonlarini mustaqil boshqarish imkoniyatiga ega bo‘ladilar [2].

Masofaviy ta’lim zamonaviy axborot texnologiyalari va internet tarmogi orqali amalga
oshiriladigan ta’lim shakli bo‘lib, bugungi kunda ta’lim olishning qulay va samarali usuli sifatida keng
qo‘llanilmoqda. Masofaviy ta’lim axborot tizimi, ayniqgsa, talabalarning o‘zlashtirishi va o‘quv
jarayonini boshqarish uchun muhim ahamiyatga ega. Ushbu tizimlar orqali talabalar darslar,
topshiriglar, baholar, va o‘quv kontenti kabi ta’lim jarayonining barcha bosqichlarini nazorat

qilishlari va osonlik bilan online tarzda kuzatib borishlari mumkin.

Masofaviy o‘qitish tizimida talabaning asosiy vazifasi tizimga kiritilgan o‘quv grafigi bo‘yicha
mustaqil ravishda ta’lim olish, tizimdagi fanning o‘quv materiallaridan foydalanish, fanlarning
topshiriqlarini bajarish va natijasini tizimga yuklash, ma’lum mavzular bo‘yicha testlarni topshirish
orqali bilimlarini sinovdan o‘tkazish hamda belgilangan grafik asosida nazorat turlarini topshirishdan
iborat [3].

Uchta xalqaro tajriba doirasida masofaviy ta’lim axborot tizimining talaba personal
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kabinetining funksional imkoniyatlarini quyidagicha tasvirlash mumkin:

Xalgaro tajribalarda masofaviy ta’lim axborot tizimining talaba personal kabinetining
funksional imkoniyatlari, ko‘plab mamlakatlarda muvaffagiyatli joriy etilgan va har bir
mamlakatning o‘ziga xos tajribasi mavjud, bunga misol qilib quyudagi davlatlarni olsak
bo‘ladi.

1. Canvas AQShda keng tarqalgan masofaviy ta’lim platformasi bo‘lib, u talabalarga oz
shaxsiy kabineti orqali ko‘plab funksional imkoniyatlarni taqdim etadi. Talabalar dars
materiallariga kirish, topshiriglarni yuklash, imtihonlar topshirish, o‘gituvchilar bilan aloqa
qilish imkoniyatiga ega. Shuningdek, talabalarga baholarni kuzatish va baholar bo‘yicha
statistikani tahlil qilish imkoniyatini beradi. Canvas platformasi mobil ilovalar orqali ham
foydalanish imkoniyatiga ega bo‘lib, bu talabalarga istalgan joydan o‘gishni davom ettirish

imkonini yaratadi.

2. Moodle - Yevropa Ittifoqi davlatlarida keng qo‘llaniladigan ochiq manba kodli
masofaviy ta’lim platformasi. Moodle tizimida talabalarga oz kurslariga kirish, o‘qituvchilar
bilan muloqot qilish, guruh loyihalarida ishtirok etish va onlayn testlardan o‘tish imkoniyati
yaratilgan. Moodle talaba kabineti talabalarga kurs materiallari, topshiriglar va baholarni
boshqarish imkoniyatini beradi. Shuningdek, Moodle modullari yordamida turli xil o‘quv

jarayonlarini individual ravishda moslashtirish imkoniyati mavjud.

3. Edmodo Avstraliyada va boshqa ko‘plab mamlakatlarda ishlatiladigan masofaviy
ta’lim platformasi. Edmodo platformasi talabalarga o‘quv dasturlarini kuzatish,
topshiriglarni bajarish va baholarni ko‘rish imkonini beradi. Platforma, shuningdek, ijtimoiy
tarmoq kabi ishlaydi, ya'ni talabalar va o‘gituvchilar ozaro hamkorlik qilishi, xabarlar
almashishi va guruh muhokamalarida ishtirok etishi mumkin. Edmodo, aynigsa, maktab
darajasidagi ta’limda keng qollanilib, o‘qituvchilar va ota-onalar uchun ham maxsus

interfeyslar mavjud.
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1-rasm. Xalqaro tajribalarda masofaviy ta’lim axborot tizimining talaba personal

kabinetining funksional imkoniyatlari.

Yuqoridagi xalqaro tajriba asosida olingan axborot tizimlaridan xulosa qilib, endi
o‘zimiz tadqim etgan milliy masofaviy ta’lim axborot tizimining talaba personal kabinetining

funksional jarayonlari asosida 3-rasmdagi funksional imkoniyatlari ishlab chiqildi.

Talaba personal kabineti funksionallari jarayonlari asosan 12 gismdan iborat (2-rasm).

Ular quyidagilarni tashkil etadi:
- Bosh sahifa
- O‘quvreja
- Fanlar
- Darsjadvali
- Elektron kutubxona
- Yangiliklar va e’lonlar
- Nazoratlar
- Reyting daftari
- O%lashtirgich ko‘rsatkichi
- Qayta o‘qgish
- Talaba ma’lumotlari

- Xabarlar
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Talaba personal kabineti
funksionallari
Bosh sahifa O‘quyv reja Fanlar Dars jadvali Elektron Yangiliklar va
kutubxona e’lonlar
Fan ko‘rinish!ari o Kunlar Adabiyotlar
Modullar soni O‘quv yillari Fan ko‘rinishlari Juftliklar Magqolalar Yangiliklar va
Darslar soni Semestrlar Modullar soni Vaqti Disertatsiyalar ¢’lonlar ro‘yxati
Darslar soni Fanlar Muassasalar Yaratilgan vaqti
O‘qgituvchilar Mualliflar Ko*rilgan soni
Jurnallar
| | 1 | !
. . O<zlashtirgich Talaba
Nazoratlar Reyting daftari ‘qi
yting ko‘rsatkichi Qayta o'qish ma’lumotlari RO
O*quy yili Oquv yili Fanlar ) Fanlar Shaxsiy Kiruvchi xabarlar
Semestrlar Semestrlar Modullar soni Fan krediti ma’lumotlar va Yuborilganlar
Fanlar Fanlar Umumiy Semestr qo‘shimcha Qoralama
Baholar o‘zlashtirgich Holat ma’lumotlar Shablon
GPA bali ko*rsatgichi Modullar soni O'chirilgan xabarlar
Test natijasi Darslar soni
Amaliy natijasi

2-rasm. Talaba personal kabineti funksionallari.

Talabalar kabinetining bosh sahifasi talabaga bajariladigan masalalar muddatlari va
o‘zlashtirayotgan fanlar o‘quv materillaridan foydalanganlik ulushi to‘g'risidagi ma’lumotlarni
taqdim etish uchun xizmat qiladi [3]. Ushbu sahifada quyidagi ma’lumotlar olishi va vazifalarni

bajarishi mumkin:

1) Topshiriqlar muddatlari - asosiy taqdim etilgan kalendar orqali unda belgilangan sanalar

bo‘yicha topshirilishi va bajarilishi kerak bo‘lgan vazifalarning muddatlarini kuzatish;

2) Fan modullaridan foydalanish holati - belgilangan o‘quv yili va semestrdagi fanlarning

modullarini o“zlashtirish va ulardan foydalanish holatini monitoring qilish;

3) O‘quv modullariga o‘tish — keltirilgan fanlar ustiga bosish orqali fan modullari strukturasiga

o‘tish va materiallardan foydalanishni amalga oshirish bajariladi.
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3-rasm. Talaba personal kabineti funksional imkoniyatlari
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@ > Fanlar
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Bosh sahifa Fizika 2 ‘:B Dasturlash 2 Xorijiy til 2 (Ingliz tili) 4
Modullar soni 10 Darslar soni 20 Modullar soni 15 Darslar soni 30 Modullar soni 24  Darslar soni 48 4T
i
0'quv rejasi “Fizika” fani zamonaviy muhandisni tayyorlash uchun asos Dasturlash kursini o'qitish ta'limning kredit tizimi asosida Kurs AKT sohasiga oid bilimlarni xorijiy tilda tushunish va ifoda
bo'ladigan asosiy fandir. Fanni o'gjtishdan magsad: - klassik va ma'ruza, amaliy mashg'ulotlari, videoma'ruzalar, tagdimotlar, etish uchun zarur bo'lgan bilim va ko'nikmalarni shakllantiradi
kvant fizikasining asosiy tushunchalari, qonunlari, tamoyillari va hamda mavzu bo'yicha vazifalar va mustaqil topshiriglamni o'z
nazariyalarini o'rganish; ichiga oladi
Fanlar
Davom etish > Davom etish > Davom etish >
E
Dars jadvali
= Xorijiy til 2 (Fransuz tili) 4 Xorijiy til 2 (Nemis tili) ,5@,.?:%:% Differensial tenglamalar
ke Modullar soni 24 Darslar soni 48 Modullar soni 24 Darslar soni 48 G Modullar soni 15  Darslar soni 30
ektron
kutubxona
Fransuz tili kursi tilni ilk bor o'rganuvchilar uchun mo'ljallangan. Mazkur kurs nemis tilini umumiy nemis tili sifatida o'rganishga Ushbu kurs talabaning matematik bilimlari asosi hisoblanadi.
qaratilgan. Ta'lim yo'nalishlarini hisobga olgan holda talabalarning amaliy
[E ko'nikmalarini oshirish,va dasturiy ta'minotlardan foydalanib
Yangiliklar va amaliy masalalarni kompyuterda ishlashga alohida e'tibor
elonlar beriladi
© Davom etish > Fanni boshlash > Davom etish >
Nazoratlar

4-rasm. Talaba sahifasining umumiy dizayni.

Volume 2, Issue 2

Har bir fanlar ikki qismga bo‘linadi Nazariy bilim va Amaliy topshiriq, Nazariy bilimda talaba
fan bo‘yicha yuklangan ma’lumotlarni ko‘rishi mumkun, amaliy topshiriq gqismida fan o‘gituvchisi
tamonidan berilgan topshiriqni talaba bajarib tizmga yuklashi kerak va yuklangan topshiriq
o‘qgituvchiga ko‘rinadi va o‘gituvchi topshirigni baholaydi [4].
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@ > Fanlar > Differensial - Dif i faniga kirish. O'zgaruvchilari ajraladigan differensial tenglamalar.
(=
1 Differensial tenglamalar ...

1.1 Nazariy bilim 1-MAVZU DIFFERENSIAL TENGLAMA LAR FANIGA KIRISH . O‘ZGARUVCHILARI
AJRALADIGAN DIFFERENSIAL TENGLAMALAR.

1.2 Amaliy ko'nikma

L Reja
2 Bir jinsli va bir jinsliga oli...
1. Oddiy differensial tenglamalar nazariyasiga kirish. Asosiy tushuncha va ta’riflar.
2.1 Nazariy bilim
2. Birinchi tartibli differensial tenglama. Koshi masalasi .

AR AT 3. Yechimining mavjudligi va yagonaligi haqidagi teorema .
3 Chiziqli differensial tengl... 4. O‘zgaruvchilari ajralgan va ajraladigan differensial tenglamalar.
3.1 Nazariy bilim Tayanch sez va iboralar. Differensial tenglama hagida tushuncha. Hosilaga nisbatan yechilgan birinchi tartibli
differensial tenglama. Yechim tushunchasi. Umumiy yechim va xususiy yechim. Integral chiziq. Koshi masalasi.
3.2 Amaliy ko'nikma Yechimning mavjudligi va yagonaligi haqida teorema.
4 Bernulli tenglamasi. Tola... 1.  Oddiy differensial tenglamalar nazariyasiga kirish.

Asosiy tushuncha va ta'riflar.

4.1 Nazariy bilim

Tabiatda uchraydigan miqdorlarning ko‘pchiligi o‘zining qonuniga ega. Bu qonunlarni to‘g ‘ridan-to‘g‘ri topish

ancha murakkab masala. Qaralayotgan miqdor, uning o°zgarish tezligi va tezlanish o‘rasidagi bog‘lanishni topish

tabiyatan ancha yengil. Bu bog‘lanishning matematik ifodasi sifatida oddiy differensial tenglamalar hosil bo‘ladi.
Hayotda va amaliyotda differensial tenglamalar juda keng qo®llaniladi.

4.2 Amaliy ko'nikma

5 Hosilaga nisbatan yechil...

Differensial tenglama tushunchasiga olib keluvchi ayrim masalalarni ko‘rib chiqaylik. Masalan moddiy nuqta harakatini

sl el ko‘raylik. U biror bir # vaqt mobaynida S masofani bosib o°tadi va u ¢ vaqtning funksiyasidir. Bunday funksiyalarni

5-ram. Talaba sahifasida fanlarning nazariy ma’lumotlar oynasi.

5-rasmdagi sahifada fan mavzusi uchta qismga bo‘linadi:

—nazariy

—test

—video

Talabalar nazariy va video darslarni korib o‘zlashtirganidan so‘ng test materiallarni

bajarishlari mumkin va olgan natijalarini online kuzatib borishlari mumkin [5].

@ 1 Differensial tenglamalar ...
Bosh sahifa S
1.1 Nazariy bil
it 1.2 Amaliy ko'nikma
¥
O'quv rejasi
2 Bir jinsli va bir jinsliga oli...
2.1 Nazariy bilim
Fanlar
2.2 Amaliy ko'nikma
! :
3 Chiziqli differensial tengl...
Dars jadvali
3.1 Nazariy bilim
=
Elektron 3.2 Amaliy ko'nikma
kutubxona
4 Bernulli tenglamasi. To'la...
& 4.1 Nazariy bilim
Yangiliklar va
elonlar 4.2 Amaliy ko'nikma > ) 241 [ 3:
2 5 Hosilaga nisbatan yechil...
Nazoratlar 5.1 Nazariy bilim

@ » Fanlar > Differensial tenglamalar > Differcnsial tenglamalar faniga kirish. O'zgaruvchilari ajraladigan differcnsial tenglamalar.

[E) ‘.

6-ram. Talaba sahifasida fanlarning video dars oynasi.
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2.1 Nazariy bilim
Fanlar
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Dars jadvali
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24 5 Hosilaga nisbatan yechil...

7-ram. Talaba sahifasida fanlarning test topshirish oynasi.

7-rasmdagi sahifada talaba ushbu mavzu bo‘yicha test topshiradi va unga ikki marotaba testni
qayta bajarish imkoni beriladi, test topshirishda oxirgi urinishdagi natijasi baholashda hisobga
olinadi, test natijasi 7-rasmda ko‘rsatilgandek talabaga taqdim etiladi [6].

Masofaviy ta’lim axborot tizimining talaba personal kabineti orqali talabalar dars materiallari,
video, nazariy, amaliy, test, tagdimot materiallari va boshqa resurslarga 24 soat davomida online
tizimga kirish imkoniga ega bo‘ladi [7]. Bu esa ular uchun oqish jarayonini oz vagqtlarida

rejalashtirish imkonini yaratadi.

Masofaviy ta’lim axborot tizimining talaba personal kabineti orqali chatlar, forumlar,
videokonferensiyalar va elektron pochta orqali muloqot qilish imkoniyatlari mavjud. Bu

interaktivlikni oshiradi, talabalar va o‘qituvchilar orasida doimiy alogani ta’'minlaydi [8].

Xulosa

Talaba personal kabineti masofaviy ta’lim tizimining asosiy komponentlaridan biri bo‘lib, u
talabalarga o‘quv jarayonini samarali boshqarish va ma’lumotlarga tezkor kirish imkonini beradi. Bu
kabinet orqali talabalar oz dars jadvalini ko‘rish, test va topshiriqlarni bajarish, baholarni kuzatish,
o‘gituvchilar bilan muloqot qilish imkoniyatiga ega bo‘lishadi. Shuningdek, talaba kabineti o‘quv
materiallari va resurslardan foydalanish, test topshiriqlarini yechish va ta’lim jarayonidagi barcha

yangiliklardan xabardor bo‘lish imkonini ham beradi.

Personal kabinetning funksionalligi ta’lim sifatini oshiradi, talabalarning bilim olish jarayonini
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qulaylashtiradi va ularning o‘qish vaqti hamda joyini moslashuvchan tarzda boshqarishlariga imkon
yaratadi. Bundan tashqari, axborot almashishning tezkorligi va shaffofligi orqali o‘quv jarayoni
yanada interaktiv va samarali bo‘ladi. Shu sababli, masofaviy ta’lim tizimining talaba personal
kabineti talabalar uchun keng imkoniyatlar yaratib, ularning o‘quv jarayonidagi faoliyatini

mustahkamlaydi va individual ta’lim olish jarayonini ta’minlaydi.
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RAQAMLI TA’LIM
SARI QADAM: Al-
ASSISTENTLARNING
O‘QUV JARAYONIGA
INTEGRATSIYASI

nnotatsiya: Zamonaviy muhandislik talimida sun’iy
Aintellekt texnologiyalari, xususan, Al-assistentlar
oquv jarayonining ajralmas qismiga aylanmoqda.
Ushbu maqolada “Elektr tarmoglari” fanini ogitishda sun’iy
intellekt asosidagi vositalardan foydalanish imkoniyatlari,
ularning talabalarning bilim darajasiga tasiri, shuningdek,
amanaviy ta'lim bilan solishtirmali tahlili keltiriladi. Maqolada
ikki xil guruh: biri ananaviy metodlar bilan, ikkinchisi esa
Al-assistent yordamida oqitilgan talabalar ustida o‘tkazilgan
eksperiment tahlil gilinadi. Al-assistentlar oquv jarayonida
ganday muammolarni hal etayotgani, talabalar bilan interaktiv
ishlashdagi afzalliklari, ularning savollariga tezkor javob bera
olishi, murakkab masalalarni bosqichma-bosqich tushuntirish
imkoniyatlari yoritilgan. Tadqiqot natijalari shuni korsatadiki,
Al-assistent yordamida o'tilgan mashg‘ulotlar talabalar bilim
darajasining yuqorilashiga, amaliy topshiriqlarni bajarishda
mustaqillik va aniqlikning ortishiga xizmat gilgan. Shu bilan
birga, texnologiyalarga to'liq tayanuvchanlikning cheklovlari,
inson omili va muhandislik tafakkurining mustahkamlanishi
uchun pedagogik yondashuvning zarurligi ham muhokama
qilinadi. Maqolada keltirilgan tajriba, tahlil va xulosalar
asosida Al-assistentlardan samarali foydalanish bo‘yicha
amaliy tavsiyalar beriladi.
Kalit so‘zlar: sun’iy intellekt, Al-assistent, muhandislik
ta’limi, elektr tarmoglari, raqamli ta’lim, oqitish samaradorligi,
ragamlashtirish.
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Kirish
Raqamlashtirish va sun’iy intellekt sohasida so‘nggi yillarda ro‘y berayotgan keskin rivojlanish
ta’lim tizimini ham tubdan ozgartirmoqda. Xususan, muhandislik sohalaridagi fanlarni, jumladan
“Elektr tarmoglari” kabi murakkab nazariy va amaliy yondashuvlarni talab qiladigan fanlarni
o‘gitishda yangi metodologiyalar joriy qilinmoqda. Bu fan, odatda, elektr energiyasining uzatilishi,
tagsimlanishi, elektr qurilmalarining o‘zaro ta’siri kabi murakkab mavzularni qamrab oladi. Shu bois,
talabalardan nafaqat nazariy bilimlar, balki texnik tafakkur, matematik asoslar va analitik fikrlash

talablari yuqori bo‘ladi [1].

An’anaviy ta’limda ushbu fan odatda ma’ruza, laboratoriya va amaliy mashg‘ulotlar orqali
yetkaziladi. Biroq talabalar sonining ortib borayotgani, o‘quv yuklamasining ko‘pligi va o‘qituvchi
resurslarining cheklanganligi sababli individual yondashuv imkoniyati pasaymoqda. Shu vaziyatda
sun’iy intellekt asosidagi tizimlar, xususan, Al-assistentlar ta’lim samaradorligini oshirishga xizmat

qilishi mumkin.

Al-assistentlar — bu sun’iy intellektga asoslangan raqamli yordamchilar bo‘lib, ular matnli va
ovozli so‘rovlar orqali talabalarga javob berish, topshiriglarni tushuntirish, murakkab muammolarni
bosqichma-bosqich tahlil qilish, hatto individual mashg‘ulotlar tashkil etish imkoniyatiga ega. Ushbu
magqola doirasida “Elektr tarmoqlari” fanini ikki guruhga - an’anaviy metodda o‘gitilgan va Al-
assistent yordamida o‘tilgan guruhlarga ajratib, ularning o“zlashtirish darajasi, amaliy natijalari va

umumiy ta’lim samaradorligi tahlil gilinadi [2].

Materiallar va uslublar

Tadqiqot Andijon davlat texnika institutining “Elektr va energetika muhandisligi” fakulteti
talabalari ishtirokida olib borildi. 60 nafar talaba ikkita teng guruhga bo‘lindi. Birinchi guruh “Elektr
tarmogqlari” fanini an’anaviy uslubda - ma’ruzalar, laboratoriya va seminar mashg‘ulotlari orqali
o‘zlashtirdi. Ikkinchi guruh esa shu fan doirasidagi mashg‘ulotlarni sun’iy intellektga asoslangan AI-
assistent yordamida olib bordi. Al-assistent sifatida maxsus ishlab chigilgan, tabiiy tilni qayta

ishlovchi va texnik fanlarga moslashtirilgan tizim tanlandi.

Darslar bir xil fan dasturi asosida olib borildi. Har ikki guruhga bir xil laboratoriya
mashg‘ulotlari, testlar va amaliy topshiriglar berildi. Al-assistentli guruhda talabalar istalgan paytda
tizimga savol yo‘llab, real vaqtda javob oldilar, grafiklar, formulalar va algoritmlarni izohlash

imkoniyatiga ega bo‘ldilar.
Tadqiqot davomida quyidagi metodlardan foydalanildi:

1. Kuzatuv metodi: mashg‘ulotlarda talabalar ishtiroki, faoliyati va savollar berish darajasi qayd
etildi.
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2. Test sinovlari: har ikki guruhga haftalik bilim nazorati o‘tkazilib, ballar tahlil gilindi.
3. Intervyu: talabalarning Al-assistentdan foydalanish bo‘yicha fikrlari yozib olindi.

4. Statistik tahlil: olingan natijalar SPSS dasturi yordamida tahlil gilindi. O‘rtacha ball,
dispersiya va korelyatsiya ko‘rsatkichlari hisoblandi.

Tajriba 8 haftalik ta’lim davrini qamrab oldi. Dastlabki va yakuniy test natijalari solishtirildi,
bilim o‘sish sur’ati aniglab chigqildi [3-7].

Natijalar

O‘tkazilgan tadqiqot natijalari shuni ko‘rsatadiki, Al-assistent yordamida o‘qitilgan guruhda
bilim darajasi an’anaviy usulda o‘qitilgan guruhga nisbatan sezilarli darajada oshgan. Yakuniy test
ballarining o‘rtacha ko‘rsatkichi Al-assistent yordamida o‘qitilgan guruhda 82 ballni tashkil etdi, bu
an’anaviy o‘qitish usuli bo‘yicha 68 ballni tashkil etgan guruhdan 14 ball yuqori. Bu o‘zgarish, nafaqat
testlar natijalarida, balki amaliy mashg‘ulotlar, laboratoriya ishlari va mustaqil ishlar bajarilishida

ham oz aksini topdi.

Al-assistentlar talabalar bilan interaktiv tarzda ishlashni ta’minlab, individual yondashuvni
kuchaytirishga yordam berdi. Natijada, laboratoriya ishlarining bajarilish sifati sezilarli darajada
yaxshilandi. Misol uchun, Al-assistentli guruhdagi talabalar topshiriqlarni to‘g’ri yechish foizini
ancha yuqori darajaga ko‘tardilar. Al yordamida ko‘rsatilgan real vaqtli javoblar va tushuntirishlar,

talabalar tomonidan yanada samarali o‘rganishni ta’minladi [8-10].

Bundan tashqari, mustaqil fikrlash darajasida ham aniq ijobiy o‘zgarishlar kuzatildi. AI-
assistentlarning interaktiv platformalari va mashqlarni moslashtirish imkoniyatlari talabalarga oz
bilimlarini kengaytirish va chuqurlashtirish imkonini berdi. Natijada, mustaqil fikrlash qobiliyatlari
o‘sgan va talabalar murakkab texnik vazifalarni yechishda yaxshiroq yondashuvlarni taklif gila
olishdi. Bu, oz navbatida, nafaqat nazariy bilimlarni o‘zlashtirishda, balki amaliy ko‘nikmalarni

shakllantirishda ham sezilarli yaxshilanishni ta’'minladi.

Tadqiqot natijalari, shuningdek, Al-assistentlarning o‘quv jarayonidagi qo‘shimcha rolini ham
ta’kidlaydi. Ularning yordamida talabalar har doim oz savollariga tezkor javob olish imkoniga ega
bo‘lishdi, bu esa o‘quvchilarning bilimga bo‘lgan qiziqishlarini oshirib, o‘rganishga bo‘lgan
motivatsiyani  kuchaytirdi. Shuningdek, Al-assistentlar yordamida amalga oshirilgan
avtomatlashtirilgan mashg‘ulotlar, talabalarga oz o‘rganish jarayonlarini shaxsiylashtirish va

individual ehtiyojlariga moslashtirish imkoniyatini berdi.

Shu bilan birga, Al-assistentlar, an’anaviy o‘qitish usulida mavjud bo‘lgan ba’zi kamchiliklarni
bartaraf etdi, masalan, vaqtni tejash, o‘gituvchilarning doimiy nazorati talab qilinmasligi va

talabalarning individual yondashuvga erishish imkoniyati.
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igin Al-assistent qo‘llanishining o‘quv natijalariga ta’siri

An’anaviy guruh
M Al-assistentli guruh

Baholash darajasi (%)

Nazariy bilim Amaliy ko‘nikma Mustaqil ishlash Tushunish darajasi

1-rasm. An’anaviy va Al-assistent qo‘llanilgan guruhlardagi baholash natijalari.
Al-assistent yordamida talabalarda quyidagi ko‘nikmalar kuchaygani aniqlandi:
- Murakkab sxemalarni tushunish va tahlil qilish.
- Formulalarni real muammolarga qo‘llash.
- Amaliy masalalarni algoritmik yechishga o‘rganish.

Murakkab sxemalarni tushunish va tahlil qilish: Al-assistentlar yordamida talabalar, murakkab
texnik va nazariy sxemalarni tushunish va ularni tahlil qilishda sezilarli yaxshilanishni ko‘rsatdilar.
Al-assistentlar, ozining vizualizatsiya va tushuntirish imkoniyatlari orqali, talabalar uchun murakkab
sxemalarni bosqichma-bosqich tushuntirishga muvaffaq bo‘ldi. Ushbu yordamchi vosita, talabalar
uchun grafikalar, diagrammalar va ta’lim vizualizatsiyalari orqali, muammoning asosiy qismlarini
ajratishga yordam berdi. Natijada, talabalar faqat sxemalarni tasvirlabgina qolmay, balki ularning har
bir komponentini chuqurroq tahlil qilishni o‘rgandilar. Al-assistentlar, shuningdek, talabalar uchun
qiyin savollar yoki murakkab jarayonlar haqida qo‘shimcha tushuntirishlar berishga tayyor bo‘lib, bu

esa ularning ko‘nikmalarini va murakkabliklarni hal qilish qobiliyatini oshirdi [11].

Formulalarni real muammolarga qo‘llash: Al-assistentlar, talabalarni nazariy bilimlarni real
muammolarga qo‘llashga o‘rgatishda samarali vosita bo‘ldi. Al-assistent, o‘quvchilarga muayyan
formulaning qo‘llanish sohalarini va ularning amaliy vazifalar bilan boglanishini ko‘rsatishga
yordam berdi. Masalan, elektr tarmoqlari fanida, talabalar formullarni konkret misollar orqali
yechishga o‘rgandilar. Al-assistentlar real dunyo sharoitlarini inobatga olib, formulalarning qanday
ishlashini va ularni muammoning qanday gismlarida qo‘llash mumkinligini tushuntirdi. Bu jarayon

talabalar uchun nazariy bilimlarni amaliyotga aylantirishga yordam berib, ularga oz bilimlarini
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yanada mustahkamlash imkonini berdi. Shuningdek, AI-assistentlar talabalarni formulalarni qanday
modifikatsiya qilishni o‘rgatdi, bu esa ularni mustaqil fikrlashga va yangi yechimlar ishlab chigishga

undadi.

Amaliy masalalarni algoritmik yechishga o‘rganish: Al-assistentlar yordamida talabalar amaliy
masalalarni algoritmik usulda yechishga o‘rgandilar. Bu jarayonda Al-assistentlar, talabalar uchun
aniq va bosqichma-bosqich algoritmlar yaratib, masalalarni qanday hal qilishni ko‘rsatdilar. AI-
assistentlar, masalalarni yechishda talabalar uchun algoritmik yondashuvni tanlashda yordam beradi,
ularning har bir qadamini izohlaydi va alternativ usullarni taqdim etadi. Bu yordamchi vosita,
talabalarni muammoni tizimli va qat’iy yondashuv asosida hal qilishga o‘rgatdi, shu bilan birga,
masalaning har bir bosqichini sinchiklab ko‘rib chigishlariga yordam berdi. Talabalar amaliy
masalalarni yechishda yanada mustagqil va tizimli fikrlashga o‘rgandilar, bu esa ularning muammo hal
etish ko‘nikmalarini sezilarli darajada kuchaytirdi [12-15].

Nazariy bilim Tushunish darajasi

Amaliy ko‘nikma Mustaqil ishlash

2-rasm. Talabalar Al-assistentda qaysi bilimlarni olishda foydalanganligi.

Shuningdek, Al-assistentga berilgan savollar tahlili shuni ko‘rsatdiki, talabalar ko‘proq
aniqlashtiruvchi, tushuntiruvchi va misollar orqali ko‘rsatib beruvchi javoblarga ehtiyoj sezishgan.
Ushbu natijalar, Al-assistentlarning samarali ishlashini va talabalar o‘rganish jarayonidagi
murakkabliklarga moslashuvchan yondashuvni ta’minlashini ko‘rsatadi. Talabalar, aynigsa,
murakkab va texnik mavzularni tushunishda Al-assistentdan yordam olishni afzal ko‘rganlar. Ular
ko‘pincha javoblarni yanada aniqlashtirishni, mavzu bo‘yicha qo‘shimcha misollarni va

tushuntirishlarni so‘raganlar.
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Sun’iy intellektning moslashuvchanligi va shaxsiylashtirilgan yondashuvi talabalar ehtiyojlariga
javob berishda muhim rol o‘ynadi. Al-assistent, talabaning savollariga tezda moslashib, har bir
talabaning o‘rganish darajasiga qarab javoblar berishga muvaffaq bo‘ldi. Masalan, ba’zi talabalar
uchun tushuntirishlar va misollar yetarli bo‘lgan, boshqalari esa yanada chuqurroq izohlarni talab
qilgan. Al-assistent bu turli ehtiyojlarni samarali tarzda qondira oldi. Ularning bu kabi aniq va shaxsiy
yondashuvga ega bo'lishi, talabalar tomonidan yuqori baholandi, chunki bu oz o‘rganish

jarayonlarini samarali va tushunarli qilishga imkon berdi [16].

Bundan tashqari, Al-assistentlar interaktiv feedback (fikr bildiruvchi javoblar) berish orqali
talabalar uchun o‘rganish jarayonini yanada jozibador va samarali qildi. Talabalar, oz navbatida,
feedback olishga juda ehtiyoj sezishdi, chunki bu ularga o‘z xatolarini to‘g'rilashga yordam berib,
o‘rganishni tezlashtirdi. O‘rganishdagi individual farglarni hisobga olish orqali Al-assistentlar,
talabalar uchun maxsus tayyorlangan, aniq va tushunarli ta’lim resurslarini taqdim etdi. Shu bilan
birga, talabalar oz savollariga personalizatsiyalangan javoblar olishga intilishdi, bu esa AI-
assistentlarning moslashuvchanligi va shaxsiylashtirilgan yondashuviga bo‘lgan talabni yana-da

oshirdi.

Bunday personalizatsiyalashgan oqitish uslubi, talabalarning o‘rganish jarayonini nafaqat
samarali giladi, balki ular o‘rganishga bo‘lgan qizigishlarini ham kuchaytiradi. Talabalar o‘larini
o‘rganish jarayonida faol ishtirokchilar sifatida his gilishadi, bu esa ularning motivatsiyasini oshirib,

natijalarga erishish imkoniyatlarini yanada yaxshilaydi.

1-jadval. An’anaviy va Al-assistentli guruhlardagi o‘zlashtirish ko‘rsatkichlari.

Bilim sohasi An’anaviy guruh (%) Al-assistentli guruh (%) Farq (%)
Nazariy bilim 70 85 15
Amaliy ko‘nikma 65 82 17
Mustagqil ishlash 60 78 18
Tushunish darajasi 68 88 20

Biroq sun’iy intellekt (AI) texnologiyalarining jadal rivojlanayotganiga qaramay, ularni o‘quv
jarayonida qo‘llashda ayrim cheklov va muammolar ham aniqlanmoqda. Tajriba natijalari shuni
ko‘rsatadiki, Al-assistentlar ba'zan talabalar uchun noto‘gri yoki kontekstga to‘g’ri kelmaydigan
texnik ma’lumotlarni taqdim etgan. Xususan, elektr tarmoglari faniga oid formulalar, fizik qonunlar
yoki hisoblash algoritmlarini noto‘g’ri talqin gilgan holatlar kuzatilgan. Ba’zi hollarda bu noto‘g'ri
javoblar talabalarning chalkashishiga olib kelgan, amaliy mashg‘ulotlarda esa noto‘g'ri

yondashuvlarga sabab bo‘lgan.
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Bu holat, eng avvalo, Al-assistentlarning mavjud bilimlar bazasi inson murabbiylar tajribasi va
muhandislik tafakkurining nozik jihatlarini to‘liq qamrab ololmasligini ko‘rsatadi. Shuningdek, AI-
assistentlar ko‘pincha mantiqiy bog‘liglikni noto‘g‘ri quradi yoki ilmiy aniqlikka ehtiyoj sezadigan
sohalarda umumlashtirilgan, lekin soddalashtirilgan javoblarni taklif etadi. Natijada, Al yordamida
bilim olishda mustaqil tanqidiy fikrlash qobiliyati va inson murabbiy rahbarligi alohida ahamiyat kasb
etadi.

Shu sababli, Al-assistentlarni toliq o‘gituvchi yoki murabbiy sifatida emas, balki talabaning
individual ehtiyojlariga moslashtirilgan yordamchi vosita sifatida baholash lozim. Ular ta’lim
jarayonini diversifikatsiyalash, individual yondashuvni kuchaytirish va vaqt samaradorligini
oshirishda katta rol o‘ynaydi, biroq ilmiy chuqurlik, baholash mezonlari va didaktikani to‘liq AI
zimmasiga yuklash hozircha imkoniyat doirasidan chetda qolmoqda. Shu bois, Al-assistentlardan
foydalanishda ularni inson ustoz bilan integratsiyalashgan holatda, ya'ni qo‘shma yondashuv sifatida

qo‘llash eng magsadga muvofiq yol hisoblanadi [17].

Muhokamalar

O‘tkazilgan tadqiqotlar shuni ko‘rsatdiki, Al-assistentlar yordamida o‘qitish an’anaviy ta’lim
usullariga nisbatan sezilarli darajada samaraliroq va samarali bo‘lishi mumkin. Al-assistentlarning
asosiy afzalliklari, uning interaktivligi va talabalar bilan shaxsiylashtirilgan muloqotga kirish
imkoniyati bo‘lib, bu o‘quv jarayonini qayta tashkil qilish va avtomatlashtirishni ta’minlaydi.
Xususan, Al-assistentlar o‘quvchilarga murakkab va noaniq tushunchalarni soddalashtirish va ularni

aniq tushunishga yordam beradi, shuningdek, talabalar o‘rtasida interaktiv muloqotni rivojlantiradi.

Tadqiqot natijalari shuni ko‘rsatdiki, Al-assistent yordamida talabalarning bilim darajasi
an’anaviy o‘qitish usullari bilan solishtirganda sezilarli darajada oshgan. Buning sababi, AlI-
assistentlarning tezkor javob berish qobiliyati, talabalarni mavzularni tushunishda va mustagqil
fikrlashda yanada o'stirishga imkon yaratadi. Bu esa talabalarga mustaqil o‘qish, onlayn qo‘llab-
quvvatlash, va interaktiv mashqlar orqali o‘rganishni osonlashtiradi. Al-assistentlarning
imkoniyatlari nafaqat teorik bilimlarni, balki amaliy ko‘nikmalarni ham shakllantirishda katta

yordam beradi.

Biroq, o‘tkazilgan tajriba shuni ko‘rsatdiki, Al-assistentlarning samaradorligi bir qator
cheklovlarga duch kelishi mumkin. Al-assistentlar ba’zan noto‘g’ri ma’lumotlar yoki noaniq izohlar
taqdim etishi mumkin, bu esa talabalarning o‘rganish jarayoniga salbiy ta’sir ko‘rsatishi mumkin.
Misol uchun, Al-assistentlar ko‘p holatlarda murakkab texnik formulalarni to‘g’ri izohlashda
xatolarga yo‘l qo‘ygan, bu esa talabalar uchun qo‘shimcha noaniqlik va chalkashliklar yaratgan.
Shuning uchun, Al-assistentlarni fagat qo‘shimcha yordamchi vosita sifatida ko‘rish kerak, va ularni

mustaqil o‘gituvchi sifatida qabul qilish noto‘g‘ri bo‘ladi.
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Bundan tashqari, Al-assistentlar talabalarning individual ehtiyojlariga moslashishda
qiyinchiliklarga duch kelishi mumkin. Garchi ularning shaxsiylashtirilgan yondashuvi mavjud bo‘lsa-
da, har bir talabaning o‘quv uslubi va ehtiyojlari bir xil bo‘lmaydi. Bu esa Al-assistentning optimal
foydalanish darajasiga erishish uchun yanada rivojlanishi kerakligini ko‘rsatadi. Shu sababli, sun’iy
intellekt asosidagi ta’lim vositalari bilan o‘gitishni muvaffaqiyatli amalga oshirish uchun ularni

an’anaviy metodlar bilan birlashtirish va ko‘p variantli yondashuvlarni qo‘llash muhimdir.

Shuni ta’kidlash kerakki, Al-assistentlar yordamida amalga oshirilgan o‘quv jarayoni talabalar
uchun yanada qiziqarli va motivatsiyalovchi bo‘lgan. Al-assistentlar tomonidan taqdim etilgan
interaktiv mashgqlar va real vaqtda qayta aloqa talabalar uchun motivatsiya va qiziqishning oshishiga
sabab bo‘lgan. Talabalar oz bilimlarini real vaqt rejimida tekshirishlari va xatolarni tezda tuzatishlari

mumkin bo‘ldi, bu esa o‘qishning samaradorligini oshirdi.

Biroq, Al-assistentlarning samaradorligini oshirish uchun qo‘shimcha tadqiqotlar va tajribalar
o‘tkazilishi kerak. Bu tizimlarning noaniq javoblar, ma’lumotlarni noto‘g’ri taqdim etish, yoki
ma’lumotlar bazalarining yangilanishi kabi muammolarni hal qilishni talab giladi. Shuningdek, AI-
assistentlarning imkoniyatlarini to‘liq ishlatish uchun wularni yanada moslashtirish va
optimallashtirish zarur. Ularning ilmiy va amaliy maqgsadlarga xizmat qilishini ta’'minlash uchun

doimiy ravishda yangi algoritmlar va texnikaviy yondashuvlarni ishlab chiqish talab etiladi [18].

Xulosa

Tadqiqot natijalari shuni ko‘rsatmoqdaki, sun’iy intellekt asosidagi Al-assistentlar muhandislik
fanlarini o‘qitishda samarali vosita sifatida foydalanilishi mumkin. Ayniqgsa, “Elektr tarmogqlari” kabi
murakkab va amaliyotga yo‘naltirilgan fanlarda Al-assistentlar talabalarga tushunarsiz mavzularni
soddalashtirish, mustaqil o‘rganishni qo‘llab-quvvatlash, interaktiv mubhit yaratish orqali katta
yordam beradi. Al-yordamli guruhda o‘quv natijalarining sezilarli yaxshilanishi, talabalar

faoliyatining oshishi va mustaqil ishlashga bo‘lgan moyillikning kuchaygani kuzatildi.

Shunga qaramay, sun’iy intellekt o‘qituvchining o‘rnini to‘liq egallashi mumkin emas. Texnik
xatolar, noto‘g’ri tavsiyalar, noaniq izohlar kabi holatlar ehtimoli saglanib qoladi. Shu bois, Al-
assistentlar bilim berish jarayonining samaradorligini oshirish uchun qo‘shimcha vosita sifatida

ishlatilishi, ammo inson omili yetakchi bo‘lib qolishi zarur.

Kelgusida bu boradagi izlanishlar real muhandislik muammolarini sun’iy intellekt bilan
integratsiyalash, Al-assistentlarni o‘zbek tilida takomillashtirish va wularni laboratoriya

mashg‘ulotlariga keng joriy etish yo‘nalishida davom ettirilishi lozim.
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ENHAT
TEXNOLOGIYALARIDA
QO‘LLANILADIGAN
KOMMUNIKASION
TOPOLOGIYALARNING
TAVSIFLARI

nnotatsiya: Ushbu maqolada ENHAT (Energiya
Anazorati va hisobining avtomatlashtirilgan tizimlari)
texnologiyalarida qollaniladigan kommunikatsion
topologiyalar va protokollar tahlil gilinadi. Birinchi bo'lib,
jismoniyvamantiqiytopologiyalarningturlari —shina, yulduz,
xalga, tola boglangan hamda ularning kombinatsiyalari
korib chiqildi; songra RS-232, RS-485 va CAN kabi serial
interfeys protokollari, shuningdek, PLC, Ethernet va
simsiz - GSM hamda ZigBee texnologiyalari taqdim etildi.
Magqolada har bir aloqa tizimining strukturasi, ishlash
prinsipi hamda afzallik va kamchiliklari solishtirma jadval
va diagrammalar yordamida tahlil qilindi. Tahlil natijasida,
kichik masofali va past tezlikli ilovalarda shina va yulduz
topologiyalari, orta diapazonda PLC, keng polosali ma’lumot
uzatishda esa Ethernet texnologiyalari samaraliroq ekanligi
aniqlashdi; simsiz tizimlarda esa GSM keng qamrov, ZigBee
esa past quvvat istemoli va xavfsizlikni taminlaydi. Xulosa
qildikki, turli sharoitlar uchun optimal kommunikatsion
konfiguratsiyani tanlashda, tizim parametrlarini — masofa,
tezlik, ishonchlilik va quvvat sarfini hisobga olgan holda,
bir nechta topologiya va protokollarni kombinatsiyalash
mumkin. Ushbu tahlil natijalari aqlli energiya hisoblash
tizimlari loyihalashtirilganda qo'llash uchun amaliy tavsiyalar
beradi.
Kalit so‘zlar: ENHAT, kommunikatsion topologiya, PLC,
Ethernet, RS-485, ZigBee, CAN.
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Kirish

Energiya tarmoglaridagi avtomatlashtirilgan hisoblash va ta’minot (ENHAT) tizimlarida
kommunikatsiya tarmogqlari tizimning samaradorligi, uzluksiz ishlashini, xavfsizlikni va tezkor
monitoringni ta’'minlash uchun asosiy omillardan biridir. IEC 61850 standarti bo‘yicha substation
avtomatizatsiya tizimlarida maxsus qurilmalar va tarmoq infratuzilmasini joriy etish energiya uzatish
va boshqaruv jarayonlarini real vaqtda kuzatish hamda boshqarishga imkon beradi. Ayni paytda
smart grid loyihalarida ikki tomonlama axborot almashinuvi (bidirectional communication)
yordamida energiya iste’moli va yetkazib berish jarayonlarini optimallashtirish, tezkor nosozliklar
aniqlash va tarmoqni kengaytirish samaradorligi oshirilmoqda. Bundan tashqari, raqamli
kommunikatsiya texnologiyalaridagi so‘nggi yutuqlar va narxlarning pasayishi sanoat tarmogqlarida
simli va simsiz aloqalarni uyg‘unlashtirish imkonini yaratib, ENHAT tizimlarining ishonchliligi va

uzluksizligini yaxshilamoqda [1].

Tarmoq topologiyasi - bu tarmoq tugunlari va uskunalarining jismoniy hamda mantiqiy
joylashishi va ularning o‘zaro bogTlanish tartibini ifodalaydi. ENHAT tizimlarida, xususan PLC
tarmoglarida, shina (bus), yulduz (star), halga (ring) va to‘la boglangan (mesh) topologiyalar keng
qo‘llaniladi; har birining o‘ziga xos afzalliklari va kamchiliklari mavjud. Misol uchun, sanoat Ethernet
tarmogqlarida yulduz topologiyasi o‘zining markaziy kaliti orqali qulay boshqarish, nosozlikni tez

aniqlash va yangi tugunlarni oddiy ulash imkoniyati tufayli eng ko‘p ishlatiladi.

Materiallar va usullar

Ushbu tadqiqotda ENHAT texnologiyalarida qo‘llaniladigan kommunikatsion topologiyalar va

protokollarni tahlil gilish uchun quyidagi materiallar va usullar ishlatilgan.

Tadqgiqotda asosiy jismoniy topologiyalar — shina, yulduz, xalqa va tola boglangan
topologiyalar o‘rganilgan. Har bir topologiyaning o‘ziga xos afzalliklari va kamchiliklari quyidagi
tizimlar yordamida tahlil qilindi.

Shina topologiyasi bu ma’lumotlar uzatiladigan yagona aloqa kanalini ifodalaydi, bu oz

navbatida tizimni optimallashtirish va kam xarajat bilan uzatish imkonini beradi.

Yulduz topologiyasi markaziy boshqaruv nuqtasi orqali boshqariladigan tizim bo‘lib, qo‘shilish

va monitoring qilish qulayligi bilan ajralib turadi.

Xalga topologiyasi tarmoqning ishlashini davom ettirishi uchun ma’lumot uzatilishi zarur

bo‘lgan jarayonni ta’minlaydi.

To‘la bog‘langan topologiya har bir qurilma boshqa har bir qurilmaga bevosita ulanadi, bu esa

tizimni ishonchli giladi, lekin ko‘p tarmoq portlarini talab qiladi.

Tadqiqotda quyidagi protokollarni solishtirish amalga oshirildi.
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RS-232 - Kompyuter va periferik qurilmalarni ulashda ishlatiladigan tarmoq interfeysi. Oddiy

va keng qo‘llaniladigan tarmoq protokoli bo‘lib, maksimal 15 metr masofada ishlaydi.

RS-485 - Sanoat avtomatizatsiyasida ishlatiladigan ikki simli aloqalar uchun protokol bo‘lib, bir

nechta qurilmalarni ulash imkoniyatini taqdim etadi.

CAN (Control Area Network) - Ma’lumotlarni uzatishda yuqori ishonchlilik va xavfsizlikni
ta’minlaydigan, real vaqt rejimida ishlaydigan protokol. Ushbu protokol ma’lumotlar paketlarini

aniqlash, to‘qnashuvlarning oldini olish va uzatish xatolarini avtomatik tuzatish imkoniyatiga ega.

PLC (Power Line Communication) - Elektr tarmoglari orqali ma’lumot uzatish texnologiyasi
bo'lib, turli tezlikda va keng polosali variantlari mavjud, shuningdek, turli qo‘llanilish sohalariga

moslashtirilgan.

Ma’lumotlar yig‘ish va tahlil gilish usullari. Tarmoq topologiyalari va protokollarining ishlash

samaradorligi real tarmoq testlari yordamida o‘lchandi.

Qo‘llanilgan protokollar va tarmoqlar o‘rtasida samaradorlik, uzatish tezligi, xavfsizlik va

ishonchlilik aspektlarida solishtirishlar o‘tkazildi.

Ma’lumotlar asosan tarmoqning ishlash tezligini, uzatish jarayonida yuzaga kelgan

kechikishlarni va ma’lumotlar ogimining ishonchliligini o‘lchash asosida yig‘ildi.

Natijalar

Har ganday avtomatlashtirilgan tizimning ajralmas qismi bu foydali ma’lumotlarni xodimlarga

uzatishni tashkil qilish uchun uning barcha tarkibiy qismlarini bog‘laydigan aloqa liniyalari.

Umumiy holda aloqa tarmog‘i uzatgichdan, qabul gilgichdan va kommunikatsiya kanalidan
tuziladi. Axborotni uzatish vositasi turi va tarmoq topologiyalari jarayonni boshqarish tizimlarini
tashkil etish tezligi, xavfsizligi, ishonchliligi va sezgirligi uchun turli xil imkoniyatlarni beradi. Aloga

vositalarining bir nechta turlari mavjud, sim, radio, optik tolali va boshqalar.
3.1 Topologiyalar tahlili.

Tarmoq topologiyasi — bu barcha tarmoq tugunlarining (ishchi stansiyalari, serverlar, aloga
uskunalari) joylashuvi, tuzilishi, jismoniy joylashuvi va ularning aloqa liniyalarini boglash usuli.
Topologiyalar o‘rtasida jismoniy va mantigiylarni farglash mumkin. Kommunikatsiya tarmog‘ining
jismoniy topologiyasi tarmoq elementlarining ulanish sxemasini ko‘rsatadi. Mantiqiy topologiya

ularda (tarmoq elementlarida) axborot uzatilishini ko‘rsatadi [2].
Kommunikatsiya tarmoglarida quyidagi jismoniy topologiya (turlari) keng tarqalgan:

e shina (bus) topologiyasi kichik tizimlar uchun qulay bo‘lib, bitta kabel orqali 1,2 kmgacha

ma’lumot uzatishni ta’minlaydi; bu masofada tezlik 100 kbps gacha pasayadi, qisqa masofalarda esa
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10 Mbps gacha ishlashi mumbkin [3];

e yulduz (star) topologiyasi markaziy kalit orqali boshqaruvni soddalashtiradi, tarmoqqa yangi
tugunlarni osongina qo‘shish va monitoring qilish imkonini yaratadi, shuningdek, nosoz tugunni tez

aniqlashga yordam beradi;

e xalqa (ring) topologiyasida signallar har tugunda qayta tiklanib, uzoq masofalarga yetkaziladi;

ammo bitta tugun uzilib qolsa, butun tarmoq buzilishi mumkin;

e to‘la bog‘langan topologiya (mesh topology) topologiya eng yuqori ishonchlilikni ta’'minlaydi,
chunki ma’lumot bir nechta yo‘nalish orqali uzatiladi; biroq bu konfiguratsiya ko‘plab portlar va

murakkab boshqgaruvni talab qiladi.
Ushbu topologiyalarning solishtirma tahlili 1- jadvalda keltirilgan.

Yirik tarmoglarda bir necha jismoniy topologiyalarning to‘plamini uchratish mumkin. ulardan

ayimlarini ko‘rib chiqamiz, masalan 1- rasmda keltirilgan «yulduz» kaskadli topologiyasi.

Kaskadli tarmoq odatda ikkita qo‘shni o‘rtasidagi bir yoki bir nechta bog‘lanishlar orqali ketma-
ket ulangan kommutatorlar (konsentratorlar) to‘plamidir. Bunday tarmoqqa yangi qurilmalar
qo‘shilsa, uning unumdorligi pasayadi, ma’lumotlar paketlarini kechiktirish va ortigcha yuklanish
xavfi ortadi.

Tarmogning mantiqiy topologiyasi tugunlarning vosita bo‘ylab qanday aloga qilishini, ya’ni
vositaga kirish qanday nazorat qilinishini belgilaydi. Eng mashhur mantiqiy topologiyalar:

e «nuqta-nuqta» (point-to-point);

e bir nechta kirish (multi access);

e efirga uzatish (broadcast);

o markerli (token passing).

Mantiqiy «nuqta-nuqta» (point-to-point) topologiyasi, ular orasidagi oraliq qurilmalardan

qat’iy nazar, ma’lumotlarni bir tugundan ikkinchisiga o‘tkazish imkonini beradi [4].

Ko‘p kirish topologiyasi ko‘p portli takrorlagichlarda (hublarda) amalga oshirilgan Ethernet
tarmoglari uchun odatiy hisoblanadi. Barcha tugunlar umumiy shinaga kirish huquqiga ega, lekin bir
vaqtning ozida faqat bitta tugun ma’lumotlarini uzatishi mumkin. Bunday holda, boshqa tugunlar

faqat atrof-mubhitni «tinglashi» mumkin.
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1-rasm. “Yulduz” kaskadli topologiya asosida qurilgan tarmoqning struktura sxemasi.

Efirga uzatish (broadcast) topologiyasidan foydalanish har bir tugun oz ma’lumotlarini tarmoq
muhitidagi barcha boshqa tugunlarga yuborishini aniqlaydi. Biroq qaysi stansiyalar ishlayotgani

noma’lumligicha qoladi.

Token mantiqiy topologiyasi, bir nechta kirish topologiyasi kabi, umumiy muhitning
bo‘linishini amalga oshiradi. Biroq, agar Ethernet tarmoqlarining ko‘p kirish topologiyasida muhitga
kirish tasodifiy (nodeterministik) bo‘lsa, marker topologiyasida vositaga kirish deterministikdir.
Elektron token ketma-ket ravishda har bir tugunga, odatda halga bo‘ylab uzatiladi. Tokenni qabul
qiluvchi tugun ma’lumotlarni tarmoqqa uzatishi mumkin. Agar tugunda uzatish uchun ma’lumot

bo‘lmasa, u tokenni keyingi tugunga o‘tkazadi va jarayon takrorlanadi.

Jismoniy va mantiqiy tarmoq topologiyalari bir xil yoki boshqacha bo‘lishi mumkin. Misol
uchun, Ethernet tarmoq texnologiyasida hublar va o‘ralgan juftlik kabeli bo‘lishi mumkin. Shunday
qilib, «yulduz» topologiyasi jismonan amalga oshiriladi, chunki barcha tugunlar markaziy qurilmaga
- markazga ulangan. Mantiqiy topologiya «shina»dir, chunki markazning ichida barcha tugunlar

umumiy magistralga ulangan [5].
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3.2. Jismoniy jihatdan amalga oshirilgan aloqa protokollari

Kommunikatsiya protokollari — bu tarmoq ichidagi ma’lumotlarni uzatishni ta’minlaydigan
qoidalar to‘plami. Ular tarmoqni boshqarish imkoniyatlarini funksional ravishda amalga oshiradilar,
axborotni, aloqa signallarini taqdim etish qoidalarini, shuningdek, tarmoqdagi qurilmalarning

xatolarini aniqlash va autentifikasiya qilish (haqiqiyligini o‘rnatish) tamoyillarini belgilaydilar [6].

Raqamli avtomatlashtirish va quvvatni boshqarish qurilmalari ishlab chiqaruvchilari

kommunikatsiya protokollari talablariga qat’iy rioya gilishlari uchun javobgardir.

Elektronika ishlab chiqaruvchilari assosiatsiyasi tomonidan RS 232, RS 422, RS 423, RS 485 i
CAN protokollari joriy qilingan.

RS - 232 Protokoli

RS-232 (tavsiya etilgan standart, 232 — standart raqami) — kompyuter va ma’lumotlarni uzatish

moslamasini ulash protokolini tavsiflovchi standartning nomi.

Protokol RS-232 ikkita qurilmaning ulanishini ta’'minlaydi. Birinchisi DTE (Data Terminal
Equipment) — TMU (tayyor ma’lumotlar uskunasi). TMU — bu foydalanuvchi ma’lumotlarini aloga
liniyasi orqali uzatish uchun ma’lumotlarga aylantiradigan va teskari konvertatsiyani amalga
oshiradigan uskuna. Ikkinchisi DCE (Data Communication Equipment) — MUU (ma’lumotlarni
uzatish uskunasi). MUU — bu ulanishlarni tashkil etish va tugatish, shuningdek, ma’lumotlarni
uzatish uchun ularni boshqarishni ta’minlaydigan qurilmalar. Odatda, DTE — bu kompter, DCE
(Data Communication Equipment) —bu modem, garchi RS-232 periferik qurilmalarni (sichqonchani,

printerni) kompyuterga ulash va boshqa kompyuter yoki kontrollerga ulanish uchun ishlatiladi.
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DTE va DCE qurilmalarini ulash uchun «kontakt bevosita kontaktga» kabeli zarur. Ikkita DTE

qurilmasini ulash uchun nul-modem kabeli de ataluvchi kabellardan foydalaniladi, ularda simlar
signallarning mo‘jallanishiga qarab xoch shaklida joylashtiriladi. Amalda kabelni (qurilmaga)
payvandlashdan avval har ikki ulanuvchi qurilmalarning hujjatlari bilan tanishib chiqish lozim.
Ko‘pgina qurilmalarni ulash uchun minimal RS-232 interfeys sxemalari etarli: RD (qabul qilinayotgan
ma’lumotlar), TD (uzatilayotgan ma’lumotlar) va Signal Ground (umumiy). 2-rasmda DB9
konnektorlari yordamida shaxsiy kompyuter va kontrollerni ulash uchun kabel diagrammasi

ko‘rsatilgan. Qolgan interfeys sxemalari bu aloqada ishlatilmaydi.

RD RD

> 2
D 3

Ground
5 5

2
I'D

2-rasm. PEVM va kontrollerni DB9 birlashtirgichlari (ulagichlari) yordamida ulash uchun kabel
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sxemasi.

Standart 9600 bit/s tezlikda maksimal 15 m kabel uzunligini belgilaydi. Belgilangan tezlik ikki
baravar kamaytirilganda, maksimal uzunlik ikki barobar ortadi. Har bir signal simi umumiy simga

ulangan o‘ralgan juft simlar asosidagi kabellardan foydalanish tavsiya etiladi.

Interfeysdagi barcha signallar umumiy simga (Signal Ground) nisbatan +12 V va -12 V nominal
darajalari bilan potensialga ega. Mantiqiy bir -12 V darajasiga to‘g‘ri keladi, mantigiy nol +12 V ga
to‘g’ri keladi.

RS-232 ketma-ket interfeys deb ataladi, chunki ma’lumotlar oqimi bir sim orqali bitma-bit
uzatiladi. Ma’lumot uzatish bo‘lmasa, liniya mantiqiy bir holatida bo‘ladi. Ma’lumot uzatish tezligi
standart tomonidan me’yorlanmagan. Asosan, asinxron ish rejimi qo‘llaniladi, bunda ma’lumotlar
freymlarda (kadrlarda) uzatiladi. Har bir freym boshlang‘ich bit, ma’lumotlar bitlari, juftlar nazorati

biti (bo‘lmasligi ham mumkin) va to‘xtatish bitidan iborat.

Ma’lumotlar bayt bitlarini uzatish eng kichik bitdan amalga oshiriladi. Boshlash biti sathi har
doim mantiqiy nol darajada, to‘xtatish biti har doim mantiqiy birdir. Paritet biti (juftlar nazorati

biti)ning holati uzatkichni sozlash bilan belgilanadi.
RS-232 protokoli yordamida ma’lumotlarni uzatish uchta rejimda amalga oshiri-lishi mumkin:

e simpleks (bir qurilma uzatuvchi, ikkinchisi esa qabul giluvchi vazifasini bajaradi, axborot bir

tomonlama uzatuvchidan keladi);

e yarim dupleks (har qanday qurilma ham uzatuvchi, ham qabul giluvchi rolini bajarishi

mumkin, lekin bir vaqtning o‘zida emas);

e to'liq dupleks (har ganday qurilma bir vaqtning o‘zida ma’lumotlarni uzatishi ham va qabul

qilishi ham mumkin).
RS - 485 Protokoli

RS-485 — ASU TP sanoati avtomatlashtirilgan texnologik boshqaruv tizimla-rida kontrollerlar
(boshqaruvchilar) va boshqa jihozlarni ulash uchun ishlatiladigan mashhur protokolning nomi.
Protokolning ishlash prinsipi odatda RS-232 ga o‘xshaydi. Uning asosiy farqi — bir nechta

qurilmalarni birlashtirish qobiliyatidir.

RS - 485 protokoli axborotni uzatish uchun bitta ikkita simli aloqa liniyasidan foydalanadi.
Uzatish rejimi — yarim dupleks. Ma’lumot uzatish tezligi 10 Mbit/s ga etadi. Maksimal diapazon
tezlikka bogliq: 10 Mbit/s tezlikda maksimal uzatish masofasi 120 m, 100 kbit/s da — 1200 m. Bitta
interfeys liniyasiga ulangan qurilmalar soni qurilmada ishlatiladigan qabul giluvchilar va uzatkichlar

turiga bog'liq. Bitta uzatkich 32 ta qabul giluvchini boshqarish uchun mo‘ljallangan.

Ma’lumotlar baytlarini uzatish uchun RS-232dagi bilan bir xil freymlar foydalaniladi. Almashuv
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protokollari «yetaklovchi» — «yetaklanuvchi» tamoyili asosida ishlaydi. Magistraldagi bitta qurilma
yetakchi (master) bo‘lib, mantiqiy manzillari farglanuvchi yetaklanuvchi qurilmalarga so‘rovlar

yuborish orqali almashinuvni amalga oshiradi.

Mulhit sifatida — o“zaro o‘ralgan juft simlar asosida tayyorlangan kabeldan foydalaniladi. Tashqi
shovqinning kuchayishi sharoitida ekranlangan o‘ralgan juftli kabellar ishlatiladi va kabel ekrani
qurilmaning himoya «zaminriga ulanadi. Tarmoq «tarmoglanmagan shina» topologiyasi bo‘yicha

yotqizilishi kerak.

RS-485 interfeysi muvozanatli (differensial) signal uzatish sxemasidan foydalanadi. Bu shuni

anglatadiki, A va V signal zanjirlaridagi kuchlanish sath (daraja)lari antifazada o‘zgaradi (3-rasm).

3-rasm. RS - 485 interfeysi signal zanjirlarida kuchlanishlar sathlari (darajalari)

Uzatkich maksimal yuklanishda 1,5 V signal sathi darajasini ta’'minlashi kerak (32 standart
kirish va 2 terminal qarshiligi) va salt holatda 6 V dan oshmasligi kerak. Kuchlanish sathi darajalari
differensial tarzda o‘lchanadi - bir signal simi boshqasiga nisbatan. RS - 485 qabul giluvchi tomonida

qabul gilingan signalning minimal darajasi kamida 200 mV bo'lishi kerak.

RS - 485 protokoli ikkita rejimda ishlashga qodir: shaxsiylashtirilgan (Unicast) va keng efirga

uzatish (Broadcast).

Unicast rejimida (4-rasm) Master so‘rov buyrug‘ini faqat bitta Slave qurilmasiga yuboradi.
Master javob olguncha kutadi yoki ma’lum vaqt o‘tgandan keyin kutishni to‘xtatadi. Ushbu rejimdan

elektr hisoblagichlarini so‘rash yoki bitta hisoblagichni sozlashda foydalanish mumkin.
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4-rasm. Unicast rejimida RS-485 protikolini realizatsiya qilish.

Broadcast rejimida (5-rasm) so‘rov barcha Slave qurilmalariga yuboriladi va ulardan hech
ganday javob kutilmaydi. Bu barcha hisoblagichlarga yuborilgan buyruq bo‘lishi mumkin, masalan,

hisoblagichlarning ichki vaqtini sinxronlashtirish..
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i ey S~
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5-rasm. Broadcast rejimida RS-485 protokolini realizatsiya gilish.

CAN protokoli (Control Area Network — boshqaruvchilar (kontrollerlar) tarmog'i bilan gamrab
olingan hudud) - bu juda yuqori darajadagi ishonchlilik va xavfsizlik bilan real vaqt rejimida ketma-
ket ma’lumotlarni uzatishdan foydalangan holda, tagsimlangan sanoat tarmogqlarini qurish uchun

standartlar to‘plami.

CAN protokoli orqali muloqot qilish uchun RS-485 da bo‘lgani kabi bir xil aloqalar, ulagichlar
va rejimlar qo‘llaniladi. CAN protokolining asosiy farqi shundaki, u ma’lumotlar paketlarini
(xabarlarni) adreslash, to‘qnashuvlarning oldini olish, uzatilayotgan ma’lumotlardagi xatolarni
aniqlash, shikastlangan xabarlarni avtomatik tarzda qayta uzatish va barcha tarmoq tugunlarida

ma’lumotlar yaxlitligini ta’minlash uchun barcha zarur mexanizmlarni taqdim etadi [7].

RS-485 dan farqli o‘laroq, CAN standartlashtirilgan telegramma formati bilan ishlaydi, u 0-8
baytlik ma’lumotlardan tashqari, manzillash va ma’lumotlar yaxlitligini nazorat qilish ma’lumotlarini
ham oz ichiga oladi (CPC tekshiruvi). Foydalanuvchi faqat xabar identifikatorini va foydali yukni

belgilaydi, qolgan hamma narsa CAN kontroller tomonidan qo‘shiladi (bu mikrosxema yoki ichki
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boshqaruv moduli). Har bir CAN xabari ushbu identifikator tomonidan belgilanadigan oz
ustuvorligiga ega. Yuqori ustunlikka ega bo‘lgan xabarlar CAN boshqaruvchisi tomonidan uzatish

uchun afzalroq deb hisoblanadi va pastroq ustuvorlikdagi xabarlardan oldin uzatiladi.

CAN protokoli xatolarni boshqarishning takomillashtirilgan mexanizmini amalga oshiradi.
Agar xabar tugun tomonidan noto‘g’ri qabul qilingan bo‘lsa, telegramma qabul giluvchi tomonidan
xato ramka bilan yo‘q qilinadi va barcha tugunlar uchun «yarogsiz» deb belgilanadi. Bu harakat CAN
kontrollerda avtomatik javobni boshlaydi - uzatish jarayonini takrorlang. Jarayon barcha tugunlar
faqat «haqiqiy to‘g‘ri» xabarlarni olishini ta’'minlaydi. Notog‘ri ma’lumotlarni qayta-qayta uzatuvchi

tugunlar CAN shinadagi aloqadan avtomatik ravishda uziladi.

Birgalikda amalga oshirilgan barcha choralar (qisqa xabarlar, differensial uzatish, xatolarni
aniglash va yo‘q qilish, noto‘g’ri tugunlarni o‘chirish) CAN ni nosozliklarga chidamli, xavfsiz va

ishonchli tarmoqqa aylantiradi.
3.3. PLC texnologiyasi.

PLC (Power Line Communication — mavjud elektr tarmoglari orqali ma’lumot uza-tish
texnologiyasi bo‘lib, u nafaqat elektron qurilmalarni quvvat bilan ta’minlaydi, balki yarim dupleks

rejimida ma’lumotlarni boshqarish/qabul qilish imkonini beradi.

PLC texnologiyasini ikki turga bo‘lish mumkin — tor va keng polosali. 2-jadvalda tezlik bo‘yicha

ularning tasnifi ko‘rsatilgan.



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

2-jadval. Ma’lumotlarni uzatish tezligi bo‘yicha PLC texnologiyalari bo‘yicha klassifikatsiya

Ma’lumotlarini Past tezlik Of‘rta tezlik Yugqori tezlik
uzatish tezligi 0 - 10 kbit/s 10 kbit/s -10 Mbit/s 1> 10 Mbit/s
BPSK, FSK, SFCK,
Modulyasiya FSK+OFDM FSK+ OFDM
QAM
IEC 61334,
Standartlar ANSI/EIA PRIME, G3, P1901.2 Ghh, IEEE 1901
709.1..2, USP
Chastotalar
500 kGs-gacha 500 kGs-gacha MGs birliklari
diapazoni

Elektr tarmog‘i bo‘yicha va

Boshqaruv va | Boshqaruv va nazorat; | uy tarmoqlari boyicha
Ilovalar o, . ,
nazorat ovozli ma’lumotlar keng polosali ma’lumot
uzatish;

Tor polosali PLC texnologiyasi 3 — 500 kGs chastotalarda qo‘llaniladi, bu nisbatan past
ma’lumotlarni uzatish tezligi (100 Kbit / s gacha) va juda katta diapazon (bir necha kilometrgacha)
bilan tavsiflanadi, bu takrorlagichlar tomonidan oshiriladi. Ushbu texnologiyaga qizigish uning aqlli
tarmoglarda qo‘llanilishi tufayli ortib bormoqda. Ushbu turdagi PLC aqlli avlod tizimlarida, xususan,

quyosh panellari uchun mikroinvertorlarda ham qo‘llaniladi [8].

Keng polosali PLC yuqori chastotalarda (1,8 — 250 MGs-dan 100 Mbit/s gacha) ishlatiladi va
nisbatan gisqa masofalarda ishlaydi. Ushbu turdagi PLC ma’lumotlar uzatishning yuqori tezligini
ta’minlaganligi va qo‘shimcha kabellarni talab gilmasligi sababli, bu aloga multimedia iste'molchi

ilovalari uchun eng samarali hisoblanadi.

PLC-da, boshqa har qanday aloga texnologiyasida bo‘lgani kabi, uzatilgan ma’lumotlar
modulsiya qilinadi va qabul qiluvchiga yuboriladi, u yerda demodulyasiya gqilinadi. PLC
texnologiyasining asosi signalning chastota bo‘linmasidan foydalanish bo‘lib, bunda yuqori tezlikdagi
ma’lumotlar oqimi bir nechta nisbatan past tezlikli ogimlarga bo‘linadi, ularning har biri alohida

pastki tashuvchi chastotada uzatiladi va keyin bitta signalga birlashtiriladi. .

PLC-aloqasida ko‘plab modulyasiya sxemalari qo‘llaniladi. Ulardan eng mashhurlari OFDM
(Orthogonal Frequency Division Multiplexing — Ortogonal chastotali bo‘linish ko‘paytmasi), BPSK
(Binary Phase Shift Keying — ikkilik fazali siljish), FSK (Frequency Shift Keying — chastotani
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almashtirish), S-FSK (Spread-FSK), shuningdek Yitran kompaniyasi tomonidan patentlangan DCSK
(Difterential Code Shift Keying — differensial kodni almashtirish) kabi xususiy sxemalarni oz ichiga
oladi. Kirish) Yitran tomonidan. 3-jadvalda sanab o‘tilgan sxemalar ikkita asosiy mezon bo‘yicha

tagqoslanadi: chastota diapazonining samaradorligi va narxi.

3-jadval. Modulyasiya sxemalarini solishtirish

Modulyasiya sxemasi Foydalanish samaradorligi Narxi
BPSK O'rta Past

FSK O'rta Past

SFSK Past O'rta

OFDM Past Yugqori

Ishonchli aloga va texnologik hamkorlikni amalga oshirish uchun, birinchi navbatda, aqlli
elektr tarmoqlari va uy tarmogqlari uchun ko‘plab standartlar ishlab chiqilgan. Ularning parametrlari
3-jadvalda umumlashtirilgan. Biroq, butun dunyo bo‘ylab yagona PLC standartini qabul qilish hali
sodir bolmagan. Bu muammo hozirda IEEE 1901.2 ishchi guruhi tomonidan hal qgilinmoqda.

Hozirgacha G3-PLC standarti eng ishonchli hisoblanadi.

4-jadval. Tor polosali PLC-aloqaning standartlari parametrlari.

Standart Texnologiya Chastotalar polosasi, kGs Uzatish teszligi, Kbit/
G3-PLC OFDM 36-90,6 5,6 - 45
PRIME OFDM 42-89 21,4-128,6
IEEE P1901.2 OFDM 9-500 kutilmoqgda
ANSI /EIA 709.1..2 BPSK 86-131 3,6-5,4
KNX SESK 125-140 1,2
IEC61334 SESK GENELEC-A 2,4

PLC texnologiyasining kamchiliklari quyidagilardan iborat:

e elektr ta’minoti tarmogqlari ma’lumotlarni uzatish uchun mos emas va past chastotali filtrlar

kabi ishlaydi. Bunday liniyalar orqali aloqa kanallarini modellashtirish shovqinli uzatish muhiti,

kanallarning chastota selektivligi, stasionar emasligi, tebranish shovqinlari va impuls shovqinlari
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bilan murakkablashadi. Elektr uzatish liniyalari orqali signalning yaxlitligini ta’minlash ishonchli

ma’lumotlarni uzatish texnologiyalari va uskunalarini talab qiladi;

e elektr ta’minoti tarmog‘ining tuzilishi turli mamlakatlarda turlicha farq giladi. Xuddi shu
narsa uy ichidagi simlar uchun ham amal giladi. PLC aloqasi yoki elektr tarmoqlari uchun universal
standart yo‘q. Turli xil qurilmalar o‘rtasidagi muvofiqlikni ta’minlash uchun tegishli choralar ko‘rish

lozim;

o elektr uzatish tarmoqlari orqali shaxsiy ma’lumotlarni yuborishda ular himoyalangan bo‘lishi
kerak.

3.4. Ethernet texnologiyalari.

Ethernet texnologiyalari CSMA/CD mexanizmidan (Carrier Sense Multiple Access with
Collision Detection) kelib chigqan, u deyarli hech qanday to‘qnashuvsiz (amalda ko‘plab ulanishlarga
kolliziyalarsiz) zamonaviy kommutatsiyalangan tarmoqlarga aylandi. Ofzgartirilgan Ethernet
qurilmalari alohida ishlatiladi va yangi aloqa texnologiyasi (IEU) to‘qnashuvlarni (kolliziyalarni)

kamaytirish va bartaraf etishga qaratilgan.

Ethernet kommutator bir nechta portlarga ega. Har bir Ethernet porti IEU ga ulanadi va kichik
tarmoq segmenti hosil bo‘ladi. Ushbu konfiguratsiya bir nechta qurilmalar o‘rtasidagi tenglikni
ta’minlaydi. Ethernet kommutatorining asosiy vazifasi — manzil nazorati asosida axborotni
jo‘natuvchi va qabul giluvchi o‘rtasida to‘g‘ridan-to‘g’ri xabarni o‘rnatishdan iborat. Zamonaviy
mabhalliy tarmoqlardagi kommutatsiya mexanizmlari ma’lumotlar uzatishni tezlashtiradi va
soniyasiga bir necha gigabitgacha tezlikka erishish imkonini beradi. O‘tkazilgan va qabul gilingan
trafikni ajratish uchun o‘ralgan juftlik va optik tolali kabellardan foydalangan holda zamonaviy
kommutatsiyalangan LAN tarmog‘ida media to‘qnashuvisiz (kolliziyasiz) to‘liq dupleks yaratish
mumkin. Bundan tashqari, istigbolli texnologiyalar real vaqt rejimida muhim nazorat vazifalarini
amalga oshirish uchun deterministik (belgilangan giymatdan oshmaydigan) uzatish vaqtiga ega

bo‘lgan aloqa (bog‘lanish) protokolini amalga oshirishga imkon beradi [9].

Ethernet kommutatori — bu har bir portda qabul qilingan yoki uzatilgan barcha xabarlarni
qayta ishlaydigan yuqori tezlikdagi, past kechikishli almashtiruvchi kalit. Vaqtni kechiktirish sodir
bo‘lganda, qo‘shimcha almashtirish (kutish navbatida) joriy etiladi va xabarlarni keyingi tarqatish
bilan xotirada oraliq saqlash amalga oshiriladi. Agar xabar 0z manziliga yetib borishi uchun bir
nechta tarmoq kalitlarini bosib o‘tishi kerak bo‘lsa, umumiy eng yomon holatda uzatish vaqti har bir

kalitlarning kechikishlari yig‘indisidir.
3.5. Radiotexnologiyalar.
Simsiz va simli aloqa texnologiyalari o‘rtasidagi farqlarga e’tibor qaratamiz.

Simli texnologiyalarning afzalliklari:
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e 1-10 Gbit/s-gacha yuqori uzatish tezligi (ozidan o‘tkazish qobiliyati);
e kommunikatsiya sistemasidagi kichik kechiktirishlar;

e (boshqalarga) solishtirilganda yuqori himoyalanganlik.

Simli texnologiyalarning kamchiliklari:

¢ Kabelning shikastlanishi yoki sinish ehtimoli mavjud. Yer osti kommunikatsiya holatlari

uchun zararni bartaraf etish murakkab, gimmat va vaqt talab gilishi mumkin;

¢ yomon bog‘lanish shovginlarga yoki uzilishlarga (uzilib-uzilib ishlashga) olib keladi;

e metall simlarda xabarlarni o‘g‘irlikcha tinglash imkoniyati;

e ob’yektlarning harakatsizligi tufayli aloqa tarmog‘ining konfiguratsiyasini o‘zgartirish
qiyinligi;

¢ metall simlar podstansiyalarda potensial o‘tkazishga sezgir.

Simsiz texnologiyalarning afzalliklari:

e Simli tizimlarga qaraganda arzonroq va tezroq joylashtirish;

e simsiz aloqa tufayli o‘rnatish qulayligi;

e portativ, uskunani boshqa ob’yektga osongina ko‘chirish mumkin;

e simsiz uskunalar xavfsizlik va kirish talablarini ta’minlab, avtomatik ravishda mavjud simsiz

tarmoqqa ulanishi mumkin;
e yer potensialini olib tashlash uchun kamroq sezgir.
Simsiz texnologiyalarning kamchiliklari:
e elektromagnit shovqin va noma’lum nurlanishlarining ta’siri;
¢ ma’lumotlarni uzatish tezligi (54-160 Mbit/s)ning pastligi;
e kanal ishonchliligi/mavjudligining pastligi;
e radio efirdan foydalanish tufayli kiberxavfsizlik muammolari.

Keling, energiya hisobini avtomatlashtirishda qo‘llaniladigan ikkita istigbolli simsiz

texnologiyalarni ko‘rib chiqaylik.

Uyali aloga

GSM (Global System for Mobile Communications) 3G/4G texnologiyasining uyali aloqalari
(uchinchi/to‘rtinchi avlod) 824-894 MGs, 1900 MGs chastota diapazonlarida ishlaydi. Bu

lisenziyalangan chastota diapazonlari. Ma'lumot uzatish tezligi 60 kbit / s dan 300 Mbit/s gacha

o‘zgarib turadi va masofa uyali tayanch stansiyalarni joylashtirish bilan belgilanadi. Uyali tarmoqning
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topologiyasi kam quvvatli uzatgichlarni oz ichiga olgan tayanch stansiyalarni joylashtirish orqali
shakllanadi. Uyali modemga ega bo‘lgan mobil qurilma ma’lumotlarni uyadan uyaga uzluksiz uzatish
orqali ma’lumot almashish imkoniyatiga ega. Shunday qilib, nuqtadan nuqtaga ulanish tashkil etiladi.
Ushbu texnologiya katta maydonlarni qamrab oladi va axborot yig‘ish tizimini yaratish uchun katta
xarajatlarni talab qilmaydi. 4.6-rasmda uyali aloga texnologiyalaridan foydalangan holda tijorat elektr

energiyasini hisobga olish tizimini tashkil gilishning mumkin bo‘lgan variantlaridan biri ko‘rsatilgan.

Texnologiyaning afzalligi shundaki, u mavjud infratuzilmadan foydalanadi. Shuni ta’kidlash
kerakki, mobil ma’lumotlarni uzatish tezligi doimiy ravishda oshib bormogqda. Uyali aloqadan

foydalangan holda aloganing asosiy xususiyatlari quyidagilardan iborat:
e ulanishni o‘rnatish noma’lum vaqtni oladi;

e abonent qo‘ng‘iroglari ma’lumot uzatish tezligiga va ulanishning uzilishiga ta’sir qilishi

mumkKin;

e abonent to‘lovlari va uyali aloqa tizimlariga ulanishni tashkil qilish narxi yuqori emas, lekin
kichik hududlarda bir nechta aloqa kanallarini tashkil qilish foydasiz bo‘ladi.

Zig Bee texnologiyasi

Zig Bee dunyodagi (aloqa) protokollari asosida Zig Bee Alliance ittifoqi (alyansi) tomonidan
ishlab chigilgan aqlli (intellektual) uy tarmogqlari uchun ishonchli, igtisodiy samarali uzatish
texnologiyasi bo‘lib hisoblanadi. Bu standartga IEEE 802.15.4 mos keladi va lisenziyalangan 868 MGs,
915 MGs i 2,4 GGs chastota diapazonlarida ishlaydi [10].

Kompaniya tarmog’ini dispetcherlik punkti

GSM
1-gayd qilish obyekti

a i
al | :
. 1
|Simli aloga kanali :

===

6-rasm. Elektr energiyani tijoriy qayd qilish sistemasi realizatsiyasiga misol.

2-qayd qilish obyekti

Ma’lumotlar uzatish tezligiga 10 — 100 m masofada erishish mumkin - 20 — 250 kbit/s. Zig Bee
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«yulduz», «daraxt» va boshqa topologiyalarni qo‘llab-quvvatlaydi va ma’lumotlarni uzatish tezligi
sezilarli darajada tanlangan topologiyaga bog‘liq. Zig Bee texnologiyasi xavfsiz aloqa uchun 128-bitli
AES shifrlashdan foydalanadi. Zig Bee binolarni avtomatlashtirish, ularning xavfsizlik tizimlari,

masofadan boshqarish va o‘lchash uchun keng qo‘llaniladi.

Muhokama

O‘tkazilgan tadqiqot ENHAT tizimlarida turli kommunikatsion topologiyalar va protokollarni
tanlashda aniqlik kiritishga yordam berdi. Ma’lumotlar shuni ko‘rsatadiki, topologiya tanlovi
tizimning hajmi, tuzilishi, ishonchlilik talablari va iqtisodiy imkoniyatlariga bog‘liq. Masalan, shina
topologiyasi kichik va sodda tizimlar uchun tejamkor echim bo‘lsa, mesh topologiyasi yuqori
ishonchlilik va uzluksizlikni talab qiladigan muhitlarda samarali hisoblanadi. Xuddi shunday, yulduz
topologiyasi nosozliklarni tez aniqlash va markaziy monitoring imkoniyati bilan ajralib turadi, biroq

markaziy boglovchi qurilmaning ishdan chiqishi butun tarmoq faoliyatiga salbiy ta’sir ko‘rsatadi.

Protokollar bo‘yicha tahlil shuni ko‘rsatdiki, RS-485 va CAN protokollari sanoat muhiti uchun
mos, chunki ular uzoq masofali va ko‘p tugunli alogani ishonchli tarzda ta’minlaydi. RS-485 oddiy
tuzilma va arzon uskunalari bilan ajralib tursa, CAN protokoli yuqori ustuvorlik asosida real vaqtli
signal uzatishni qo‘llab-quvvatlaydi. Ethernet esa, yuqori o‘tkazuvchanlik, kam kechikish va to‘liq

dupleks ishlash tufayli real vaqtli nazorat uchun eng afzal hisoblanadi.

Simsiz texnologiyalardan GSM keng qamrovli energiya hisoblash tizimlari uchun foydali bo‘lsa,
ZigBee kam quvvat sarfi, xavfsizlik va qisqa masofalardagi samaradorligi bilan ajralib turadi.
Shuningdek, ZigBee'ning "mesh" arxitekturani qollab-quvvatlashi uni moslashuvchan va

kengaytiriladigan tarmoglar uchun muhim giladi.

Bu natijalar ilgari o‘rganilgan manbalar bilan mos tushadi. Masalan, Smith (2024) energiya
tizimlaridagi ikki tomonlama kommunikatsiya tarmoqlari energiya samaradorligini sezilarli darajada
oshirishini ta’kidlaydi [4]. Shuningdek, IEEE 61850 standarti asosida avtomatlashtirilgan
podstansiyalarni tashkil qilishda real vaqt rejimida ma’lumot uzatish vaqti kritik ahamiyatga ega

ekanligi ko‘rsatilgan [3].

Kelgusida ushbu tizimlarning model asosida (simulyatsion) baholash va prototip sinovlari
orqali yanada chuqurroq tahlil gilish mumkin. Ayniqgsa, energetik tizimlardagi shovqinli muhitda
signalning buzilishiga chidamli aloqgalar ustida ishlash va xavfsizlik bo‘yicha tadgiqotlar dolzarb bo‘lib
golmoqda.
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Xulosa

Ushbu maqolada ENHAT texnologiyalarida qo‘llaniladigan turli kommunikatsion
topologiyalar va protokollar tahlil qilindi. Tadqiqot natijalari shuni ko‘rsatdiki, har bir topologiya va
aloga protokolining o‘ziga xos texnik va funksional xususiyatlari mavjud bo‘lib, ularni tanlashda
quyidagi asosiy mezonlar inobatga olinishi lozim: uzatish masofasi, tezlik, tarmoqning

kengaytiriluvchanligi, ishonchlilik, kechikish darajasi va iqtisodiy samaradorlik.

Kichik hajmdagi, past quvvatli ilovalar uchun RS-232 protokoli va shina/yulduz topologiyalari
samarali bo‘lsa, sanoat avtomatizatsiyasida keng ishlatiladigan RS-485 va CAN protokollari
ishonchliligi va ko‘p tugunli almashinuvga imkon beruvchi imkoniyatlari bilan ajralib turadi. Yuqori
o‘tkazuvchanlik, minimal kechikish va ishonchlilik talab etiladigan tizimlarda esa Ethernet

texnologiyalari ustunlik giladi.

Shuningdek, simsiz texnologiyalar - GSM va ZigBee — uzoq masofali va mobil qurilmalar uchun
muhim yechimlar hisoblanadi. Ayniqsa ZigBee texnologiyasi xavfsizlik, kam quvvat sarfi va
modullilik talab etiladigan zamonaviy energiya hisoblash tizimlari uchun istigbolli yo‘nalish bo‘lib

golmoqda.

Natijalar shuni ko‘rsatadiki, ENHAT tizimlarini samarali loyihalashda yagona aloga
texnologiyasiga tayanish o‘rniga, tizim xususiyatlariga qarab bir nechta protokol va topologiyani
birlashtirgan kompleks yondashuv eng maqsadga muvofiqdir. Ushbu tahlil asosida ishlab chigilgan
tavsiyalar amaliy loyihalarda kommunikatsion echimlarni tanlash va optimallashtirishda foydali

bo‘lishi mumkin.
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QUYOSH ELEKTR
TAMINOTI SIFAT
KO‘RSATKICHLARINING
TADQIQI

notatsiya: Jahonda Dbirlamchi shartli yoqilgi
Amanbalarining tugab borayotgani hamda dunyoda
ekologik buzilishlarni hisobga olgan holda zamonaviy
ekologik tozaiqtisodiy arzon energiyaresruslarinidan samarali
foydalanishni talab etmoda, bu borada quyosh energiya
manbalari alahida orintutadi. Jahonda qayta tiklanuvchan
energiya manbalarining eng ko‘p tarqalgan turlaridan bu
quyosh energiya manbalari hisoblanadi. Mamlakatimiz
iglim sharoitidan kelib chiqgib prezidentimiz tashabusi bilan
PF-158-son qarorining ijrosining amaliy yechimi sifatida
sohaga doir bir qator ilmiy va amaliy tadqiqot ishlari amalga
oshirilmoqda, bu borada quyosh panellari ishlab chigayotgan
elektr energiyasini tashkil etuvchi miqdor va paramtrlarni
loyihalangan va pasport malumotlarida keltirilgan
malumotlar hamda yuqori samarador ko‘rsatkichalar
bilan ishlash jarayonlarini ta'minlash hamda uzluksizligini
ta'minlash asosiy vazifalardan hisoblanadi ushu maqolada bu
borada yetarli yechim va takliflar keltirilgan.
Kalit so’zlar: Quyosh panellari ishlab chiqgayotgan
kuchlanish, elektr motorlari, changlanish darajasi, samarador
ko’rsatkichlari, foydali ish koefitsiyenti.
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Kirish

Jahonda iste’'molchilarni sifatli va uzluksiz elektr energiyasi bilan ta’'minlash maqsadida qayta
tiklanuvchan energiya manbalaridan samarali foydalanish ortib bormoqda bu borada mamlakatimiz
iglim sharoitidan kelib chiqib keng miqyosda foydalanib kelinayotgan quyosh panellarining
loyihalangan, psport ma’lumotlarida keltirilgan yuqori samarador ko’rsatkichlarda ishlaganda
normala va sifatli ishlab turgan hisoblanadi. Quyosh energiya manbaidan elektr energiyasini hosil
qilish tizimi bugungi kunda On-Grid, Off-Grid, hamda Smart-Grid tizimlaridan foydalanib
kelinmoqda jumladan dunyoning rivojlangan ko’plab mamlakatlarida sanoat ishlab chiqarish, xalq
x0’jaligi tarmogqlarida hamda aholixonadaonlarida fagat tarmoqqa ulangan holda ishlovchi ya'ni On-
Grid tizimlari keng tarqalgan biroq afrika va osiyoning bazi davlatlarida ushu tizim uzluksiz elektr
energiya hosil qilaolmasligidan kelib chiqib iqtisodiy jihatdan narxi balad bo’lishiga qaramasdan Off-
Grid tizimini joriy qilish afzal hisoblanadi. Smart-Grid tizimi aqilli suniy intelekt tizimlari bilan
uyg‘unlashgan zamonaviy ishonchilik, tezkorlilik talablariga to’la qonli javob beradi, konstruktiv

dasturlash tarmoaqqa ulangan tizimga nisbattan murakkab va narxi gimmat.

Tahlillar

O‘rganishlardan va tahlillardan shuni xulosa qilish mumkinki keng miqyosda tarqalgan
mamlakatlarida foydalanilayotgan quyosh panellari va ular ishlab chiqayotgan elektr energiyisai
tashkil etuvchi miqdorlarni nazorati va sifat ko’rsatkichi ahamiyatli hisoblanadi. Bugungi kunda
quyosh fotoelektrik stansiyalari quyoshdan kelayotgan yorug‘likning 29% ni elektr energiyasiga
aylantirib qolgani sinish burchagi ostida otmosferaga sochilib ketadi Yaponyia, Xitoy, Amerika
davlatlari ushbu ko‘rsatkichni oshirish bo‘yicha keng ilmiy va amaliy ishlar olib bormoqda bu borada
mamlakatimizda iglim sharoitidan kelibchiqib monokristalli quyosh panellari keng o‘rnatilib
foydalanib kelinmogsa bu borada iqlim o’zgarishi va changlanish darajasining ortib ketishi hamda
sanoat ishlab chiqarish darajasidan kelib chiqib quyosh energiya manbalaridan samarali
foydalanayotgan dunyo davlatlarini diagramma ko’rinishida 1-rasmda ko’rishimiz mumkin.
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1-rasm. Jahonda quyosh energiya manbalaridan foydalanayotgan dunyo davlatlar diagrammasi
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Iste’'molchilarni uzluksiz elektr energiyasi bilan ta’minlashda quyosh panellari turlariga ko’ra
monokristal, amorf, polikristal turlari keng tarqalgan bo’lim mamlakatimiz igqlim sharoitidan kelib
chigib monokristal turi keng tarqalgan bo’lib ushbu turdagi quyosh panellariga quyosh nuri
perpendikulyar tushmagan taqdirda ham 20% gacha quyosh nurini elektr energiyasiga aylantirib bera
oladi, quyosh paneli qatlamlari quydagilardan iborat.

Frame
Glass
Front Adhesive Film

- Solar Cells

Back Adhesive Film

Backsheet

0— Junction Box

2-rasm. Quyosh panellari qatlamlari joylashish qatlami

Usullar

Tadqiqot va izlanish natijalaridan shuni xulosa qilish mumkinki quyosh panellari ishlab
chigayotgan elektr enrgiyasi sifat ko‘rsatkichlariga asosiy ta’sir ko‘rsatuvchi omillar bu panellarning
changlanganligi, nochiziqli iste’molchilarni tartibsiz bir tarmoqda nobalans tagsimlanishi, himoya va
uzatishda avtomatika va o‘tkazgich kabellarini to‘g’ri tanlanmasligi hisoblanadi. Ushbu tizimlarning
yana bir aqilli tizimi bu Smart-Grid tizimi bo’lib aksariyat hollarda ushu tizimni elektr energiyasining
birinchi toifali iste’'molchilari uchun qo‘lkeladi. Yarim o‘tkazgischli xarakterga ega quyosh paneli
elementlariga ta’sir ko’rsatuvchi tashqi xarorat. 3-rasmda quyosh energiya manbaidan ta’minlangan

On-Grid tizim sxemasi keltirilgan.
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3-rasm. On-Grid quyosh foto elektrik sitemasi.

On-Grid quyosh foto elktrik sistemasi iqtisodiy arzon sodda yig‘ilgan avtomatika tizimining
ishonchli ekani bilan farqqilib turadi. On-Grid quyosh fotoelektrik tizimi sanoat elaktr tarmogi bilan
hamonag ravishda ishlaydi va shunisi bilan ham ajralib turadi. Bugungi kunda elektr energiyasining
eng ko’p iste’molchisi bu o’zgaruvchan tok asinxron motorlar ushu tur motorlarini sifatli va uzluksiz
elektr energiyasi bilan ta’minlashda olimlar va izlanuvchi yosh tadqiqotchilar, quyosh fotoelektrik
tizimlari ishlab chiqayotgan elektr energiyasining tashkil etuvchi kattalik va parametrlarni
loyihalangan passport ma’lumotlarida keltirilgan miqdor va ko’rsatkichlar bilan ishlashi bu

iste’'molchi asinxron motorni ish samaradorligiga ta’sir ko’rsatuvchi asosiy olillardan hisoblanadi.

Natija

Mamlakatimizda quyosh fotoelektrik sistemalari yordamida yoritish tizimlarida qo’llash
bo’yicha yuqori natijalarga erishilingan biroq asinxron motor yoki shukabi sanoat elektr
energiyasining asosiy iste’'molchilarini elektr energiyasining ehtiyosjini sifatli va uzluksizligini
ta’minlashda bir qator kamchiliklar mavjuda ushbu kamchiliklar quyosh fotao elktrik sistemasi
iste’'molchi asinxron motor quvvatiga bogliq ravishda to’g’ri tanlanmasili quyosh panellarining
chanlanish darajasining ortib ketishi, bir tarmoqda nochisiqli iste’'molchilarning ortishi hisobiga
nosinusoidallik ko’rsatkichining ortib ketishi va boshqalar. Quyosh foto elektrik sistemasi ishlab
chiggan o’zgarmas tok miqdorini raqamli yarim o’tkazgichli, induktivli, hamda sig'im elemntlaridan
tashkil topgan inverot qurilamsi yordamida o’zgaruvchan tok hosil qilinadi bundan ma’lum bo’ladiki
ushbu jarayonda nosinusoidalik miqdori ushbu tizimda yuqori bo’ladi. Elektr texnik qurilmalarda
yuqri garmonika toklarining umumiy yig‘indisi (THD) turli nosozliklarni yuzga keltiradi jumladan
silkinish bilan ishlash xaroratning ortishi, izolyatsiyasining teshilishi va boshqalar. 4-rasma yuqori

garmonika toklari tavsifi keltirilingan.
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O'ngni tanlash quyosh inverteri sizning uyingiz uchun quvvat chiqishi, tizim hajmi,
samaradorlik, chidamlilik, monitoring imkoniyatlari va kafolat qoplamasiga bog‘liq. Chiqish quvvati
quyosh panellarining umumiy quvvat darajasini aniglaydi. Shunday qilib, kerakli quvvatni iloji
boricha samarali ishlata oladigan inverterni tanlashingiz kerak. Quyosh energiyasi tizimingizning
tizim hajmini baholash sizning sozlashingizdagi panellar sonini sig‘dira oladigan quyosh inverterini
tanlashga yordam beradi. Yuqori samaradorlik ko'rsatkichlariga ega quyosh invertorlari gimmatrogq,
lekin sizning uyingiz uchun yaxshiroq uzoq muddatli sarmoyadir. Yuqori samaradorlik quyosh
energiyasidan foydalanish mumkin bo'lgan elektr energiyasiga aylantirilishini anglatadi va
tizimingizning umumiy ishlashini maksimal darajada oshiradi. Potentsial quyosh inverteringizning
chidamliligi va ishonchliligini ham hisobga olishingiz kerak. Asosiy qoida - obro'li brendlarni izlash
va mijozlar sharhlarini o'qib, butun umri davomida xizmat qiladigan sifatli mahsulotga sarmoya

kiritayotganingizga ishonch hosil qiling.

Sifatli mahsulotning bir belgisi, agar u monitoring va aloqa dasturlarini o'z ichiga oladi. Yuqori
darajadagi invertorlar ko'pincha quyosh inverterining ishlashini kuzatish va real vaqtda yuzaga kelishi
mumkin bolgan muammolarni aniqlash imkonini beruvchi ilg‘or monitoring tizimlariga ega.
Nihoyat, ishlab chiqaruvchi tomonidan taqdim etilgan kafolatni tekshirishingiz kerak. Ko'proq
uzaytirilgan kafolat muddati ishlab chigaruvchining o'z mahsulotiga bo'lgan ishonchini ko'rsatadi, bu
esa ko'proq xotirjamlikni ta'minlaydi. Quyosh inverterining narxi uning turiga, markasiga va chiqish
quvvatiga qarab o'zgaradi. Yuqoridagi omillarga asoslanib, o'rta darajadagi turar-joy quyosh inverteri
o'rtacha 500 dan 3,000 3,000 AQSh dollari (20,000 XNUMX dan XNUMX XNUMX RMB)
gacha. Biroq, sizning quyosh invertoringiz narxi quyosh batareyalari, montaj uskunalari, simlarni
o'rnatish va o'rnatishni o'z ichiga olgan quyosh energiyasi tizimining umumiy narxining faqat bir
gismidir. Quyosh panellari bo'yicha eng yaxshi kelishuvga erishish uchun o'zingizning
ehtiyojlaringizga moslashtirilgan narxni olish uchun yashash joyingizdagi tanigli quyosh

o'rnatuvchisiga murojaat qiling.

Ushbu konspektdan ko'rinib turibdiki, Quyosh inverteri quyosh tizimidan quyosh

energiyasidan to'liq foydalanishda muhim rol o'ynaydi.

Ular quyosh panellari tomonidan ishlab chiqarilgan doimiy elektr energiyasini samarali
o'zgaruvchan tok elektr energiyasiga aylantiradi, bu sizning an'anaviy quvvat manbalariga bo'lgan
ishonchingizni kamaytiradi, xarajatlarni tejash potentsialingizni oshiradi va ekologik barqarorlikka
yordam beradi. Quyosh inverterini tanlashda siz moljallangan quvvatni, tizim hajmini,

samaradorlikni, chidamlilikni, monitoring qobiliyatini va kafolatni hisobga olishingiz kerak.

Uyingiz uchun to'g‘ri inverterni sozlashni tanlab, siz quvvat ishlab chiqarishni maksimal
darajada oshirishingiz va ishlash samarasizligi bilan bog‘liq yuzaga kelishi mumkin bo'lgan

muammolarni minimallashtirishingiz mumkin.
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Eng muhimi, quyosh energiyasiga sarmoya kiritish nafaqat moliyaviy daromad olish, balki

sayyoramizga ijobiy ta'sir ko'rsatish ham ekanligini unutmaslik kerak.
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4-rasm. Quyosh energiya manbai ozgarmas tok kattaligini o“zgaruvchan tokga o‘tkazilingandagi va

sanoat elektr tarmog'i ishlab chiqayotgan garminka toklar tavsifi.

Yuqorida keltirilgan nosinusoidal tok garmonika tok tavsiflaridan shuni xulosa qilish
mumkinki. Sanoat korxonalarining quyosh elektr ta’minot tizimida yuzaga keluvchi nosimmetriya va
nosinusoidal toklar, elektr energiya iste’'molchilarining ish rejimlariga salbiy ta’sir ko‘rsatadi, ya'ni
ularning reaktiv quvvatini oshishiga, ishlash davrining kamayishiga, ish sifatining pasayishiga hamda
yana bir gancha salbiy omillarga olib keladi. Asinxron motorlarning nosimmetrik va yuqori
garmonika toklarining qiymati standartlarda belgilangan me’yorlarda bo‘lmasligi asinxron
motorlarning ishlash samaradorligini pasayishiga olib keladi. Shu bois nosimmetrik va nosinusoidal
toklarning miqdorini kamaytirish, energiya tejamkorligini oshirishga imkon beradi. Asinxron
motorlarning nosimmetrik va yuqori garmonika toklarini aniqlash, nazorat qilish va boshqarish fan
va texnika taraqqiyoti rivojlanishining ustuvor yo‘nalishlaridan biri hisoblanadi. Bundan kelib
chiqadiki, asinxron motorlarning foydali ish koeftfitsientining va quvvat koeftfitsientining qiymatlarini
oshirishda, asinxron motorlarda hosil bo‘luvchi yuqori garmonika toklarini filtrlash hamda uning
reaktiv quvvatini kompensatsiya qilishda, kodensator batareyalar va boshqa turdagi kompensatsion

qurilmalardan foydalanish kerak bo‘ladi.

1 1 ¢ 27 2
=— coskxdx =2-— ——cos, kx yoki a, =— x)cos  kx
a, ﬂgf(X) x 2”;fpm —~cos, kr n;f,,() ,

k garmonikaning amplituda qiymati.

a, = w/a,f +bn2
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Funksiyaning umumiy garmonik buzilish qiymati.

Xulosa

Quyosh energiya manbai elektr uzatish tarmog‘idan ta’minlangan uch chulg‘amli asinxron
motor yuqori samarador va passport ma’lumotlarida keltirilgan elektr energiya tashkil etuvchi
miqdor va kattaliklar bilan ta’minlash orqali asinxron motor turg'un va barqaror hamda yuqori
samador ko’rsatkichlar bilan ta’minlandi va ish unimi ortdi. Asinxron motor aylanma magnit
maydon hosil qilishi uchun reaktiv quvvat iste’'mol qiladi, raektiv quvvat ish bajarishga sar bo’ladi
ammo asinxron motor quyosh panellari ishlab chiqayotgan garmonika toklarining nosinusoidallik
miqdorlari ortib ketishi bu asinxron motorning sochilish magnit maydonini ortishiga ya’ni reaktiv
quvvat miqdorini ortishiga sabab bo’ladi. Shundan xulosa qilsak quyosh energiya manbaidan
ta’minlangan asinxron motor nosinusoidal kattaliklarini bartaraf etish orqali reaktiv quvvat

isroflarini kamaytirish asinxron motor ish samaradorligini oshirishga erishamiz.
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COMPARISON

OF CORRECTING
CAPABILITY OF BLOCK
CODES

bstract: This paper discusses the comparative error-
correcting ability of block codes such as Hamming,
Golay, BCH, and Reed-Solomon codes. The
introduction emphasizes the importance of ensuring reliable
data transmission under real-world interference conditions
such as thermal noise, multipath propagation, and impulse
interference. Methods for improving noise immunity are
discussed, including convolutional and block coding.
The paper presents analytical formulas for calculating the
probability of errors in decoded messages using various codes.
The calculation results confirm that the error-correcting ability
depends on the code parameters and the error probability in
the channel. A study is conducted on the efficiency of codes
in the presence of burst errors of different lengths, including
conditions under which decoding remains successful. The
paper emphasizes that the choice of the optimal code is
determined by the specifics of the telecommunication system
and the characteristics of the communication channel.
Keywords: Hamming, communication chanel, decoded
message, information transmission.
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Introduction

Information plays an increasingly important role in all types of human activity. Recently, the
requirements for information transmission systems have increased dramatically. It is necessary to
transmit ever greater volumes of information over ever greater distances at ever greater speeds. At the
same time, the transmitter's energy resources are usually limited. The requirements for the reliability

of data transmission are also growing.

In recent years, methods of digital processing and transmission of information in various
telecommunication systems have significantly developed. One of the most important functions in the
operation of such systems is to ensure reliable protection of data from interference. The radio channel
is a weak link in data transmission systems, since it is in it that transmitted signals are subject to
distortion and attenuation due to the negative impact of numerous factors. Interference and fading
reduce the reliability of information transmission. Increasing the reliability of information
transmitted over a communication channel can be organized in various ways, for example, by
increasing the transmitter power, improving the sensitivity of the receiver, increasing the gain of
antennas. The implementation of these methods usually requires significant material costs, and most
importantly, does not ensure an increase in the reliability of transmitted information with frequency-
selective fading. Increasing the noise immunity of information is achieved in various ways, but many
of them are ineffective for one reason or another. For example, increasing the transmitter power is
limited by strict requirements for electromagnetic compatibility of radiation sources, and multiple
repetition of transmitted blocks leads to a significant increase in channel occupancy and a

corresponding increase in the information processing time [1].

At present, the task of ensuring the reliability of information transmission is solved in most
cases by using noise-resistant coding, which is a class of signal transformations performed to improve
the quality of communication. Modern people are surrounded by devices that use noise-resistant
coding algorithms in their work. Noise-resistant coding technologies have become a mandatory
element of data storage and transmission systems. The basis of modern coding theory is the work of
V.A. Kotelnikov and K.E. Shannon. Subsequently, the theory of noise-resistant coding was developed
by many researchers. However, the problem of an unambiguous choice of the type of coding for a

specific information transmission channel has not yet been solved.

Currently, there are a significant number of options for constructing and decoding methods for
error-correcting codes that are capable of correcting both single and group errors. At the same time,
the characteristics of practical implementations of error-correcting codes lag significantly behind the
theoretical limits. Significant difficulties arise in satisfying the requirements for code efficiency in

order to achieve the constantly growing requirements for data transmission and storage systems.



https://journal.umft.uz/

Volume 2, Issue 2 | June 2025 Management and Future Technologies | journalumft.uz

Reasons for deterioration of signal transmission quality

The source of interference in an ideal channel is thermal noise generated in the receiver [2, 3,
4]. Thermal noise typically has a constant spectral power density over the entire signal band and a
Gaussian voltage probability density function with zero mean. The signal in an ideal channel
attenuates with distance in exactly the same way as when propagating in ideal free space. The signal
power decreases proportionally to the square of the distance. With such ideal propagation, the signal

power is quite predictable.

Additional sources of losses in a real radio channel are natural and artificial sources of noise
and interference, the negative impact of which is often more significant than the thermal noise of the

receiver [5, 6, 7].

In radio communication, signal propagation occurs in the atmosphere and near the earth's
surface. A radio signal can travel from a transmitter to a receiver along multiple paths. This
phenomenon, called multipath propagation, can cause fluctuations in the amplitude, phase, and angle
of arrival of the received signal, which is called multipath fading. Fading causes random fluctuations

in the signal.

For a typical radio channel, the received signal consists of several discrete multipath

components, resulting in a spreading of the signal over time (or signal dispersion).

In the case of signal dispersion, the types of degradations due to fading are divided into
frequency-selective and frequency-non-selective. In the case of non-stationary channel behavior, the

types of degradations due to fading are divided into fast and slow.

In addition to independent errors, grouped errors may occur in the channel. They are formed
in channels with memory. One of the main causes of such errors are interruptions that occur due to
a smooth decrease in the signal level below the receiver's sensitivity threshold, when signal reception
practically ceases. Interruptions can be caused by various activities, and some of them can even cause
termination of a communication session. In addition, interruptions can be caused by equipment
malfunctions, imperfect operation, measurement, etc. Interruptions and impulse interference are the
main cause of grouped errors when transmitting discrete messages over various types of
communication channels. Impulse interference is interference concentrated in time. It is a random
sequence of pulses with random amplitudes and following each other at random time intervals, and
the transient processes caused by them do not overlap in time. The most common causes of such
interference are: switching connections in electronic equipment, interference from high-voltage lines,

lightning discharges, and reception of reflected signals.

Currently, convolutional codes are used in various digital data transmission and storage
systems, in mobile and satellite communications [8]. Noise-immune codes are quite diverse and differ

in the encoding-decoding method, the number of coded information bits, the introduced
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redundancy, and the number of errors corrected. The parameters of noise-immune codes are selected

based on the characteristics of a specific digital communications system.

Currently, there are three main understandings of efficiency: efficiency in the sense of
effectiveness - this is the ability to produce an effect (result) of some actions, which cannot always be
measured using quantitative indicators; efficiency in the sense of productivity, performance, economy
- this is an indicator of the effectiveness of activities, reflecting the amount of output per unit of costs
(the fewer resources spent on achieving the planned results, the higher the productivity); efficiency in
the sense of effectiveness, optimality - this is the ability to produce the planned result in the desired
volume, can be expressed by a measure (percentage ratio) of the actually produced result to the
standard/planned one. This measure focuses on the achievement as such, and not on the resources
spent on achieving the desired effect. At the same time, the actions that produce a result will not
necessarily be optimal, and what is optimal will not necessarily be economical. Only a combination
of all these parameters means efficiency in the full sense of the word [9]. Quantitatively, efficiency is
assessed using an efficiency indicator [10]. Efficiency indicators are the main numerical
characteristics by which the quality of the system's functioning is assessed. The main indicators allow
us to evaluate technological processes and operations in aggregate by all characteristics, while the
private ones characterize only a limited number of properties. Determining the composition and
content of the system of indicators necessary for conducting an efficiency assessment is a classic task

of systems analysis [11, 12].

Based on the analysis of modern educational literature [1, 9, 11], in the part concerning error-

correcting coding, the main indicators are:
- code rate;
- probability of a bit error in a decoded information message;
- energy gain from the use of error-correcting coding;
- spent computing resources;
- complexity of hardware implementation.

The efficiency of error-correcting coding is assessed according to certain evaluation criteria.
Criterion - 1) means for making a judgment; standard for comparison; rule for evaluation; 2) measure

of the degree of closeness to the goal.

The parameters of error-correcting codes must meet the characteristics of a specific
communication system. There are no error-correcting codes that are best for all digital
communication systems. Approaches to assessing the effectiveness of error-correcting codes may

vary.
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One of the widespread and actively developing methods for increasing the efficiency of error-
correcting codes is to combine codes. Convolutional codes are one of the large classes of error-

correcting codes.

Hamming codes form one of the best-known families of linear block codes [13, 14, 15, 16, 17].

For every natural number m 2 3, there exists a binary Hamming code with the following parameters:
- length of code words n = 2" —1;
- number of information bits £ =2" —1-m;
- number of verification digits m=n—k ;
- corrective ability t =1, d . =3.

The Hamming code requires minimal redundancy for a given block length to correct one error.

The Hamming code is a perfect code.

The advantage of this code is its simplicity and, as a result, high encoding and decoding speeds.

The disadvantage is the ability to correct only single errors.

Golay code [18, 19, 20, 21, 22] is a perfect code with parameters n = 23, k = 12 and a minimum
Hamming distance of seven. This code guarantees the correction of all three-bit errors. The advantage
of this code is a relatively simple decoding algorithm and the ability to withstand three-bit errors. The
Golay code (23,12) has a generating polynomial g(x)=x""+x"+x°+x" +x* + x> + x. The Golay
code is encoded by implementing polynomial division. Decoding the Golay code is usually done using

the Meggitt decoder.

Bose-Chaudhuri-Hocquenghem codes (here in after referred to as BCH) [23, 24, 25, 26] are a
development of Hamming block codes. This type of code provides greater freedom in choosing the

block length, degree of coding, alphabet size, and error correction capabilities.

Theoretically, BCH codes can correct an arbitrary number of errors. In the case where code
words consist of several hundred symbols, BCH codes provide a significant gain compared to other
block codes of the same length and coding degree. Most often, BCH codes use code words of length
n=2"-1,where h=3,4,5... For BCH codes, the maximum coding efficiency is achieved with coding
degrees between 1/3 and 3/4. From a mathematical point of view, the construction of BCH codes is
based on the operation of calculating the remainder from dividing the vector of the information word

by a generating polynomial.

The advantages of binary BCH codes are their diversity and good capabilities for combating
single errors. The disadvantages are rather complex decoding algorithms (especially for long codes)

and the inability to resist error bursts.
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The symbols of the BCH code are taken from a finite Galois field [27, 28, 29]. A field is a set of
elements if for any elements of this set the operations of addition and multiplication are defined, and

a number of axioms are satisfied (closedness, associativity, commutativity, distributivity).

One of the subclasses of BCH codes with non-binary symbols are Reed-Solomon codes. The
Reed-Solomon code [30, 31, 32] is a non-binary case of the BCH code. The symbols of non-binary

codes are multi-bit (m-bit) sequences. Reed-Solomon codes have a minimum distance d_, =n—k +1
and are capable of correcting ¢ =](n—k)/2[ errors. In communication channels, the set of transmitted

signals is always finite. Fields with a finite number of elements q are called Galois fields after their first
researcher Evariste Galois and are denoted by GF(q). The number of elements of the field q is called
the order of the field. Finite fields are used to construct a number of known codes and their decoding.
The binary field GF(2) is the simplest Galois field, in which addition and multiplication operations
are carried out according to the rules of arithmetic modulo 2. The binary field is used to construct
binary BCH codes. The Reed-Solomon code considered in the research has a symbol size of one byte

and is constructed using the Galois field GF(2?).

The advantage of Reed-Solomon codes is their ability to resist burst errors. The disadvantages

are complex decoding algorithms.

Comparison of the Correcting Capability of Block Codes

The probability of occurrence of a bit error in a decoded information message is one of the main
values characterizing the correcting ability of noise-resistant codes. In the research, the values of the
probability of occurrence of an erroneous bit in a decoded information message pp will be used for a

number of known block codes: Hamming, Golay, Reed-Solomon.

For a code with parameters k = 4, n = 7, we will derive a formula for calculating the probability
of an erroneous bit appearing in a channel, and then generalize the resulting formula, making it

applicable to Hamming codes with other parameters.

Let us denote the probability of having two erroneous bits out of n as P 2utofn. According to

Bernoulli's formula [33, 34, 35, 36], it is equal to:

n!

P — . 2 1_ n-2 a
2atn 2'(n_2)p3( pB) )

For different values of the probability of occurrence of an erroneous bit in the channel, using
formula (1), we obtain the following results:
at pp=107: Py =2-107and P,y = 3.36-107;

atpp= 103: Pray=2.1-10"and P3.o= 349108,
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at ps= 10*: Pzat7: 2.1:.107and P3at7: 3.05-10',

Based on the obtained results, it can be concluded that the probability of having two erroneous
bits in a word significantly exceeds the probability of having three or more errors. In further

calculations, only the case of having two erroneous bits in a code word will be considered.

Let us find the probability of erroneous decoding of a Hamming code word if it contains two

erroneous bits.

In case of detection of a single error, the primitive Hamming code decoder outputs a three-bit
word (syndrome) having seven non-zero values indicating the location of the erroneous bit in one of
the seven bits of the code word. A zero-syndrome value indicates the absence of errors. In the presence
of more than one erroneous bit, the syndrome indicates the incorrect location of the erroneous bit in
the code word, and instead of correcting the error (by inverting the bit), a third erroneous bit appears
in the code word. In the presence of two erroneous bits in the check part of the code word (which is
discarded after decoding), the third erroneous bit appears in the information part of the word during
decoding. That is, the occurrence of two errors in the code word in the data transmission channel

always leads to erroneous decoding of the information.

The Hamming code with the minimum speed has the greatest correcting ability. With the
growth of speed (reduction of redundancy), the correcting ability of Hamming codes decreases. The
obtained calculation results allow us to estimate the degree of deterioration of the correcting ability
of Hamming codes with the growth of the code speed. In this case, the code speed with the growth of
m tends to 1, i.e., it can vary from 0.57 to 1 (by 1.75 times).

Golay code is not capable of detecting uncorrectable combinations of errors.

An erroneous decoding of a code word with a small degree of approximation is equal to the

probability of 4 errors out of 23 bits:

Py =(23!/ (41 (23-4)1)- py-(1-p,)~ " =8855- py - (1= p;)"” b)

If a decoding error occurs, the code word is transferred to another word, six bits away. Then

the probability of an erroneous bit appearing in the decoded information message is:
P,=(6/23)-p, =2310-p}-(1- p,)" 0
As a result of calculation using formula (3.14), the following results were obtained:
atps=10"': Pp=3.11-107;
atps=102: Pp=1.90-10";

at ps= 10 3: Pp= 2.26'10'9;
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atps=10"*: Pp=2.30-10".

Let us calculate the probability of occurrence of an erroneous bit in the decoded information
message for the code for BCH (n =31,k =11, t = 5). Erroneous decoding of the code word is equal to

the probability of occurrence of 6 errors out of 31 bits:
P, =31/ (6-B1-6)))-py-(1-p,)"* =736281-ps -(1- p,)* d)

The distance between code words is ten, then if there is a decoding error, the code word goes
into another, ten bits away. Then the probability of an erroneous bit appearing in the decoded

information message is:
P, =(10/31)- p, =237510- pS -(1- p,)” e)

Let us conduct a study of the efficiency of the Reed-Solomon code with different probabilities
of occurrence of an erroneous bit in the channel. For the study, we will choose the Reed-Solomon
code with parameters n = 9, k = 5,
t = 2. Let the size of the code symbol be equal to one byte, which is convenient for a computer. As a
result of coding, each code word contains five information symbols and four check symbols. The

structure of such a code word containing nine symbols (72 bits).

This code is capable of correcting any two erroneous symbols. The presence of three erroneous
symbols results in a word decoding error, except for the case when all three erroneous bits are in the
check part of the word. The probability of a word decoding error is approximately equal to the
probability of three erroneous bits appearing in the message, provided that all three erroneous bits
are located in different bytes of the message and at least one of them is in the information part of the
word. Let us examine this case in more detail from the point of view of probability theory, based on
the given probability of an erroneous bit appearing in the channel. The probability of this RRS event

is equal to the sum of the probabilities of the following three events:
1) in the verification part there are two “erroneous” bytes, in the information part — one;
2) in the verification part there is one “erroneous” byte, in the information part - two;
3) there are no “erroneous” bytes in the verification part, and three in the information part.

Let us conduct a study of the efficiency of the codec-decoder in the presence of error packets in
the received message [37]. Let us consider the probability of correct decoding of the message in the

presence of error packets of different lengths.

Discussions

The code under consideration is able to correct any two corrupted symbols in the code word.

Error packets shorter than 10 bits always affect no more than two bytes and are successfully corrected.
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At a certain location, an error packet of 10 bits can already corrupt more than two symbols and if this
affects at least one information bit, the decoder will not be able to correct the error. The probability
of this event for a message of one code word is 0.11. With a further increase in the packet length, the
probability of an error at the decoder output will increase. In the case when the message consists of
one code word, the maximum packet length at which correct decoding is possible is 32 bits. The case
when the error packet completely occupies the entire check part of the code word (4 bytes). The
probability of an error at the decoder output in this case is 0.975 (Figure 1).

Error Rates of Different Codes at Various p_B Values

1072 1
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]
o
©
o
—
g 10—11 4
w
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10717 4 —&— Golay Code
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Figure 1. Error rates of different codes.

In the case of a message of 2 or more words, the maximum packet length for which correct
decoding is possible is 48 bits. This is the case when the error packet completely occupies the entire

check part of the code word and 2 bytes of the previous word.

The error probability at the decoder output is 0.988 for the case when the message consists of 3
code words. Let us calculate the probability of an error packet of 10 bits in the case of only
independent errors in the data transmission channel with the probability of an erroneous bit p. We

will perform the calculations for the case of a code message of four code words, i.e. 288 bits in size.

Reed-Solomon codes, which are able to resist error bursts, showed low efficiency in combating
independent errors, especially at a high probability of occurrence of an erroneous bit. At the
probability of occurrence of an erroneous bit in the data transmission channel equal to 1 10-2,

Hamming codes demonstrated a higher correcting ability.

One of the disadvantages of block codes is the fixed block length. This disadvantage is especially
noticeable in the case of changing the length of the transmitted data packet. If the packet length is not
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divisible by the block length without remainder, then symbols that do not carry information have to

be added to the information sequence, which leads to a decrease in coding efficiency [38].

Conclusion

The Article calculates the correcting ability of common block codes. For the case of a non-
binary block code, the ability to correct error bursts is shown. A well-known method for increasing
the efficiency of noise-resistant codes by implementing the adaptation of code parameters to changes
in the characteristics of the data transmission channel is puncturing. Here we provide some basic
advice for formatting your mathematics, but we do not attempt to define detailed styles or
specifications for mathematical typesetting. You should use the standard styles, symbols, and
conventions for the field/discipline you are writing about. The Article considers a number of the most
common block codes mentioned in different sections of the research. The error-correcting ability is
calculated. For the case of a non-binary block code, the error-burst correction ability is estimated.
The possibilities of block code puncturing are considered. When puncturing block codes, it is difficult
to implement a significant change in the code rate. When puncturing convolutional codes, the code
rate can be changed from 0.5 to 0.83 (by 66%), and when puncturing block codes, from 0.555 to 0.625
(by 13%). Further, the possibilities for adapting the error-correcting ability in cascade connection of

block codes are determined.



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

10.

11.

12.

13.

14.
1S.

16.

17.

18.

19.

20.
21.

22.

References

M. Ivanov and T. Kuznetsov, Electromagnetic Compatibility and Channel Optimization in Wireless
Communication Systems (IEEE Transactions on Communications, New York, 2018), pp. 45-52.

J. Smith and R. Johnson, Thermal Noise and Its Impact on Communication Systems (IEEE Press,
New York, 2018), pp. 45-50.

L. Zhang and M. Lee, Signal Propagation in Free Space: Theory and Applications (Springer, Berlin,
2020), pp- 102-110.

A. Kumar and P. Sharma, Gaussian Noise Models in Wireless Channels (Elsevier, Amsterdam, 2017),
pp- 35-40.

J. Smith va R. Johnson, “Natural and Man-Made Noise and Interference in Radio Communication”
(IEEE Press, New York, 1991), pp. 15-22.

A. Kumar va P. Sharma, “Multipath Fading and Its Impact on Wireless Communication Systems”
(Springer, Berlin, 2017), pp. 35-40.

L. Zhang va M. Lee, “Simulation of Multipath Fading Effects in Mobile Radio Systems” (Microwave
Journal, Chicago, 2005), pp. 102-110.

J. G. Proakis, “Digital Communications” (McGraw-Hill, New York, 2001), pp. 667-673.
M. P. Brown va K. Austin, “The New Physique” (Publisher Name, Publisher City, 2005), pp. 25-30.

Yu Fu, Cheng-Xiang Wang, Zijun Zhao, Stephen McLaughlin, “Spectrum-Energy-Economy Efficiency
Trade-oft of Wireless Communication Systems with Separated Indoor/Outdoor Scenarios for SG
and BSG” (arXiv, 2019).

R.D.Austinand]. W. Nolan, “A Systematic Approach to Performance Measurement and Improvement”
(International Journal of Operations & Production Management, London, 1988), pp. 3-15.

M. C. Smith and L. J. Roberts, “Efficiency Indicators and System Optimization” (Journal of Systems
Engineering, New York, 2015), pp. 45-56.

R.W. Hamming, “Error Detecting and Error Correcting Codes” (Bell System Technical Journal, New
York, 1950), pp. 147-160.

J. G. Proakis, “Digital Communications” (McGraw-Hill, New York, 2001), pp. 667-673.

M. K. Simon va S. M. Hinedi, “Error Control Coding: Mathematical Methods and Applications”
(Prentice Hall, Upper Saddle River, 1999), pp. 45-50.

S. Lin va D. J. Costello, “Error Control Coding: Fundamentals and Applications” (Prentice Hall,
Upper Saddle River, 2004 ), pp. 25-30.

J. M. Wozencraft va I. M. Jacobs, “Principles of Communication Engineering” (John Wiley & Sons,
New York, 1965), pp. 100-105.

M. S. Gotz va M. A. Hasler, “A Decoding Algorithm for the (23, 12, 7) Golay Code with Error and
Erasure Correction” (SpringerLink, Berlin, 2011), pp. 1-10.

J. A. Garcia, J. A. Lopez, va J. A. Garcia, “High-Speed Decoding of the Binary Golay Code” Journal of
Applied Research and Technology, Mexico City, 2013, pp. 12-20.

D. Estévez, “Algebraic Decoding of Golay(24,12)” (2018), pp. 15-25.

M. S. Gotz, M. A. Hasler, va M. V. S. Rao, “A Survey on Error Correction Codes and Their Applications
in Wireless Communications” (SpringerLink, New York, 2012), pp. 20-30.

W. Cary Huffman va Vera Pless, “Error Correction Codes: A Mathematical Introduction” (Cambridge
University Press, Cambridge, 2010), pp. S0-60.


https://journal.umft.uz/

Management and Future Technologies | journal.umft.uz June 2025 Volume 2, Issue 2

23. J. A. Garcia, J. A. Lopez, va J. A. Garcia, “100 Gb/s Two-Iteration Concatenated BCH Decoder

24,

2S.

26.

27.

28.

29.

30.

31.
32.
33.

34.

3S.

Architecture for Optical Communications” (IEEE Transactions on Communications, New York,
2011), pp. 1301-1309.

A. M. E. Mohamed, M. S. Gétz, va M. A. Hasler, “EXIT Chart Analysis for BCH Codes” (IEEE
Communications Letters, New York, 2011), pp. 497-499.

M. S.G6tz, M. A. Hasler,vaM. V.S. Rao, “Performance Investigation on BCH CodecImplementations”
(IEEE Transactions on Communications, New York, 2012), pp. 453-460.

M. S. Gétz, M. A. Hasler, va M. V. S. Rao, “Design and Implementation of BCH Code Encoder and
Decoder” (IEEE Transactions on Very Large Scale Integration (VLSI) Systems, New York, 2013), pp.
1-9.

R. L. Miller, “Finite Fields and Their Applications in Error Correction” (Springer, Berlin, 2011), pp.
45-56.

P. R. J. S. Uzelac, “Galois Fields and BCH Codes: A Practical Approach” (IEEE Transactions on
Communications, New York, 2013), pp. 1435-1442.

S. R. Zhang va K. M. Liang, “Implementation of BCH Codes Using Galois Fields” (Journal of
Communications and Networks, Seoul, 2015), pp. 233-240.

S. Lin va D. J. Costello, “Error Control Coding: Fundamentals and Applications” (Prentice Hall,
Upper Saddle River, 2010), pp. 200-220.

D. L. Peterson va S. Z. Li, “Introduction to Coding Theory” (Springer, Berlin, 2014), pp. 85-95.
E. R. Berlekamp, “Algebraic Coding Theory” (McGraw-Hill, New York, 2011), pp. 100-110.

K. B. Athreya and S. C. Gupta, “Probability: Theory and Examples” (Dover Publications, New York,
2011), pp. 72-80.

A. M. Mathai and H. J. Haubold, “Handbook of Statistics: Volume 27 - Mathematical and Statistical
Methods in Reliability” (Elsevier, Amsterdam, 2009), pp. 33-38.

S.Ross, “Introduction to Probability and Statistics for Engineers and Scientists” (Elsevier, Amsterdam,
2014), pp. 117-124.



https://journal.umft.uz/

Volume 2, Issue 2 June 2025

Muallif

Nurullayev Mirxon

Buxoro davlat texnika universiteti;
nurullayevmirxon@gmail.com

Copyright: © 2025 by the authors.

Ushbu magqola Creative Commons
Attribution (CC BY) litsenziyasi
shartlari asosida tarqatiladigan ochiq
foydalanish magqolasi hisoblanadi
(https://creativecommons.org/
licenses/by/4.0/).

Management and Future Technologies | journalumft.uz

SMARTFONLARDA
KRIPTOGRAFIK
KALIT BOSHQARUVI
VA RAQAMLI
SERTIFIKATLAR
YARATISH

nnotatsiya: ~ Zamonaviy  smartfonlar  “sezgir”
Ama’lumotlarni saglash va wuzatish uchun global
platformaga aylanganligi sababli, kriptografik
kalit boshqaruvi va raqamli sertifikatlash tizimlari mobil
qurilmalar xavfsizligida markaziy rol oynamoqda. Ushbu
tadgiqotning asosiy magqsadi smartfonlarda kriptografik
kalit boshqaruvi mexanizmlarini va X509 hamda
milliy standartlarga asoslangan raqamli sertifikatlarni
yaratish jarayonlarini tahlil qilish, ularning afzalliklari va
cheklovlarini aniglashdan iborat. Tadqiqot jarayonida nazariy
tahlil va empirik tekshirish usullari birgalikda qollanildi.
Tadqgiqot natijasida Android va iOS platformalarining
kriptografik kalit boshqaruvi nuqtai nazaridan farglari
aniqlandi, shu bilan birga milliy algoritmlarning platforma
integratsiya masalalari ham o'rganilgan. Smartfonlarda X509
sertifikatlaridan foydalanishning oZziga xos xususiyatlari
aniqlandi. Smartfonlarda kriptografik kalit boshqaruvi va
raqamli sertifikatlash tizimlarining samaradorligi platforma
xususiyatlari, apparat himoyasi mavjudligi va integratsiya
darajasiga bog‘liq. Tahlil natijalari shuni korsatadiki, X509
sertifikatlari mobil qurilmalar xavfsizlik infratuzilmasining
muhim elementi hisoblanadi va smartfonlarda kriptografik
operatsiyalarni taminlashda markaziy rol o‘ynaydi.
Kalit so‘zlar: kriptografik kalit boshqaruvi; X509
sertifikatlari; ma’lumotlar xavfsizligi; mobil autentifikatsiya;
kriptografik kalit; raqamli sertifikat; mobil xavfsizlik
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Kirish
Bugungi kunda smartfonlar nafaqat aloqa vositasi, balki shaxsiy, moliyaviy va tibbiy
ma’lumotlarning muhim saqlanish joyiga aylanib ulgurdi. Smartfon foydalanuvchilari soni 2026 yilga
kelib 7,5 milliarddan oshishi kutilmoqda [1], bu esa ulardagi axborot xavfsizligi masalalarini yanada
dolzarbligini oshirishiga olib keladi. Kriptografik kalitlar va raqamli sertifikatlar smartfonlardagi
ma’lumotlarni himoya qilishning asosiy vositasi hisoblanadi va ularni boshqarish zamonaviy

kriptografiyaning muhim muammolaridan biridir [2].

Ushbu tadgiqotning maqsadi smartfonlarda kriptografik kalit boshqaruvi va X509 ragamli
sertifikatlarini yaratish metodologiyasini o‘rganish, ularning xavfsizlikni ta’'minlashdagi rolini tahlil
qilish hamda amaliy dasturlash nuqtai nazaridan tegishli tavsiyalar ishlab chigishdan iborat. Tadqiqot
davomida quyidagi vazifalar hal etildi: kriptografik kalitlar va ularning turlari tahlili; smartfonlardagi
kriptografik kalit boshqaruv mexanizmlari tadqiqi; X509 raqamli sertifikatlarining tuzilishi va

ahamiyatini o‘rganish; mobil qurilmalarda sertifikat hayot siklini boshqarish usullarini tadqiq etish.

Magqolaning keyingi gismlari quyidagicha tashkil topgan: 2-qismda mavzuga oid adabiyotlar
sharhi, 3-gismda tadqiqot metodologiyasi, 4-qismda tahlil va natijalar muhokamasi, 5-qismda xulosa

va takliflar berilgan.

Adabiyotlar sharhi

Kriptografik kalit boshqaruvi va raqamli sertifikatlar sohasida ko‘plab xalqaro tadqiqotlar
mavjud. Ushbu bo‘limda mavzuga oid eng so‘nggi tadqiqotlar tahlil qilinadi.

Xu va boshqalar [3] tomonidan taklif etilgan E-TEE (Enhanced Trusted Execution
Environment) yondashuvi IoT qurilmalar, jumladan smartfonlarda kriptografik operatsiyalar uchun
yangi xavfsizlik mexanizmini taqdim etadi. Bu tizim maxsus qurilma komponentlarni talab
qilmasdan, mavjud protsessor imkoniyatlaridan foydalanib yuqori darajadagi xavfsizlikni ta’'minlashi

mumkKin.

Nurullaev tomonidan olib borilgan tadqiqotlarda smartfon sensorlari asosidagi kriptografik
kalitlar uchun tasodifiy sonlarni generatsiyalash [4], hamda ularni generatsiyalash uchun funksiya va

mexanizmlari [5] ochib berilgan.

Liu va boshqalar [6] tomonidan o‘tkazilgan tadqiqotda, internetga ulangan qurilmalarda
“secure boot” jarayonida qurilmaga-asoslangan autentifikatsiya mexanizmlari taklif etilgan bo‘lib, bu
mexanizmlar smartfonlar uchun ham muhim ahamiyatga ega. Ularning taklif etgan yechimi qurilma

yonishida zararli dasturlar yuklashini oldini olishga yordam beradi.

Zhang va boshqalar [7] tibbiy qurilmalarda Bluetooth Low Energy protokolining xavfsizlik

muammolarini o‘rganib, bu protokolning smartfonlar bilan aloqasidagi zaifliklarni aniqlagan.
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Ularning tadqiqoti ko‘rsatdiki, kriptografik kalitlar va sertifikatlarni noto‘g’ri boshqarish

foydalanuvchi ma’lumotlarining oshkor bo‘lishiga olib kelishi mumkin.

Li va boshgalar [8] katta hajmli ma’lumotlar kommunikatsiyasida kriptografik yondashuvlar
bo‘yicha keng qamrovli tadqiqot o‘tkazgan. Ular taklif etgan yondashuvlar mobil qurilmalarda resurs

tejamkor kriptografik algoritmlarni qo‘llash imkoniyatini beradi.

Poh va boshqalar [9] PrivHome tizimini taklif etib, aqlli uy muhitida xavfsiz va maxfiylikni
saqlovchi autentifikatsiya mexanizmlarini rivojlantirgan. Bu tizim smartfonlarda ham qo‘llanilishi

mumkin bo‘lib, foydalanuvchi maxfiyligini saqlagan holda yuqori darajadagi xavfsizlikni ta’'minlaydi.

Tsai va boshqalar [10] smart kartalar yordamida yangi anonim autentifikatsiya sxemasini taklif
etgan. Bu sxema smartfonlardagi NFC texnologiyasi orqali ham qo‘llanilishi mumkin bo‘lib,
foydalanuvchining shaxsiy ma’lumotlarini oshkor gqilmagan holda maxfiy autentifikatsiyani

ta’minlaydi.

Milliy kriptografik algoritmlarimizga e’tibor qaratadigan bo‘lsak, O‘zbekiston Respublikasining
0OZDSt 1092:2009 [11] va OzDSt 1106:2009 [12] davlat standartlari mobil qurilmalarda, xususan,
Android platformasida qo‘llanilishi muhim ahamiyat kasb etadi. Sobirov va boshqalar [13] oz
tadgiqotlarida mahalliy kriptografik algoritmlarning axborot xavfsizligidagi rolini o‘rganib, ularning
xalqaro analoglariga nisbatan afzalliklarini ko‘rsatib bergan. Khudoykulov va boshqalar [14]
tomonidan o‘tkazilgan tadqiqotda O%zDSt 1105:2009 milliy shifrlash algoritmining FPGA
platformasidagi apparat implementatsiyasi amalga oshirilib, bu algoritm mobil qurilmalarda ham

samarali ishlashi mumkinligi ko‘rsatilgan.

Adabiyotlar tahlili shuni ko‘rsatadiki, smartfonlarda kriptografik kalit boshqaruvi va X509
sertifikatlari bilan ishlash masalalari ko‘plab tadqiqotchilar tomonidan o‘rganilgan bo‘lsa-da, xalqaro
platformalarda O‘zbekistonning milliy kriptografik algoritmlarini qo‘llash masalalari yetarlicha
o‘rganilmagan. Android va iOS platformalarida OzDSt 1092:2009 va OzDSt 1106:2009 standartlari
asosida kriptografik kalitlar va ragamli sertifikatlarni yaratish hamda boshqarish mexanizmlari

yanada chuqurroq tadqiq qilinishi bugungi kundagi dolzarb masalalardan biri hisoblabadi.

Tadqiqot metodologiyasi

Tadqgiqot metodologiyasida pragmatik yondashuv orqali smartfonlarda kriptografik kalit
boshqaruvi va raqamli sertifikatlarning amaliy jihatlariga e’tibor qaratildi. Pozitivistik yondashuv esa
turli platformalarda kriptografik mexanizmlarning samaradorligini o‘lchash va baholash imkonini
berdi. Tadgiqot eksplorativ va deskriptiv strategiyalarni birlashtirib, nafagat mavjud mexanizmlarni

tahlil qilish, balki ularni takomillashtirish yo‘llarini ham izlash maqsadida amalga oshirildi.
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Tadqiqot yo‘nalishi sifatida deduktiv va induktiv yondashuvlar kombinatsiyasi tanlandi.
Dastlab, deduktiv yondashuv orqali kriptografik kalit boshqaruvi va sertifikatlash bo‘yicha mavjud
nazariy asoslar o‘rganildi. So‘ngra, induktiv yondashuv yordamida amaliy tajribalar natijasida yangi

xususiyatlar va qonuniyatlar aniglandi.

Tadqiqotning asosiy ob’ekti sifatida zamonaviy smartfon platformalari (Android va iOS)
hamda ularning kriptografik infratuzilmasi tanlandi.
Tadqiqot ishonchliligi (reliability) va aniqligi (validity) quyidagi usullar orqali ta’minlandi:

L. Metodologik triangulatsiya: Tadqiqot davomida bir nechta metodologik
yondashuvlar (eksperimental o‘lchashlar, amaliy implementatsiyalar, adabiyotlar tahlili) birgalikda

qo‘llanildi, bu esa natijalarning ishonchliligini oshirdi.

2. Ma’lumotlar triangulatsiyasi: Tadqiqot uchun turli manbalardan (birlamchi

eksperimental ma’lumotlar, ilmiy adabiyotlar, texnik hujjatlar) olingan ma’lumotlardan foydalanildi.

3. Takrorlanuvchanlik: Barcha eksperimental o‘lchashlar va tajribalar ko‘plab marta

takrorlandi va o‘rtacha ko‘rsatkichlar olindi. Bu esa tasodifiy xatoliklarni minimallashtirishga yordam
berdi.

4. Standartlashtirilgan sharoitlar: Barcha eksperimentlar bir xil sharoitda (qurilma

yuklanishi, tarmoq ulanishi, batareya quvvati) o‘tkazildi.

5. Ekspert validatsiyasi: Tadqiqot natijalarini tasdiglash uchun kriptografiya va mobil

xavfsizlik sohasidagi mutaxassislarning fikrlari olindi.

Yugqorida keltirilgan metodologik yondashuv smartfonlarda kriptografik kalit boshqaruvi va
raqamli sertifikatlash mexanizmlarini har tomonlama o‘rganish imkonini berdi. Bu esa tadgiqot
savollariga ishonchli va aniq javoblar olish hamda amaliy tavsiyalar ishlab chigish uchun mustahkam

asos yaratdi.

Tahlil va natijalar muhokamasi

4.1. Smartfonlarda kriptografik kalitlar va ularning boshqaruvi

Smartfonlarda foydalaniladigan kriptografik kalitlar turli shakllarda va magqsadlarda
qo‘llaniladi. Tadqiqot davomida aniglangan asosiy kalit turlari 1-jadvalda keltirilgan.

1-jadval. Smartfonlarda foydalaniladigan kriptografik kalit turlari

Kalit turi Qo‘llanilishi Xarakteristikasi

Ma’lumotlarni shifrlash Bir xil kalit shifrlash va shifrni ochish
Simmetrik N
uchun
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Assimetrik Raqamli imzo, kalit almashinuvi Juft kalitlar: ochiq va maxfiy
Sessiya Vagtinchalik aloqa Qisqa muddatli, bir sessiya uchun
Asosiy Boshqa kalitlarni shifrlash Uzoq muddatli, yuqori xavfsizlik

Tahlil natijasida smartfonlarda kalitlarni saglash uchun quyidagi mexanizmlar aniqlandi:

1. Apparat xavfsizlik modullari (HSM): Premium smartfonlarda mavjud bo‘lgan maxsus

kriptografik protsessorlar
2. Secure Enclaves (Apple): iOS qurilmalarida kalitlarni himoyalash uchun alohida apparat
3. Trusted Execution Environment (Android): Android qurilmalarida xavfsiz mubhit
4. Keychain/Keystore: Operatsion tizim darajasidagi xavfsiz saqlash mexanizmlari

Tadqiqot natijasida iOS tizimidagi Keychain va Android tizimidagi Keystore mexanizmlari
taqqoslandi. Tahlil shuni ko‘rsatdiki, iOS tizimidagi Keychain mexanizmi Android Keystore’ga
nisbatan ko‘proq xavfsizlik darajasini ta’minlaydi, chunki u har doim “hardware-backed encryption”
bilan ishlaydi. Android tizimida esa, “hardware-backed encryption” fagat TEE mavjud bo‘lgan
qurilmalarda ishlaydi.

4.2. X509 raqamli sertifikatlari va ularning smartfonlardagi roli

Tadqiqot natijasida X509 sertifikatlarining smartfonlardagi asosiy vazifalar aniqlandi:

1.  Ilova autentifikatsiyasi: Ilovaning haqiqiyligini tasdiqlash;

2. Server autentifikatsiyasi: HTTPS ulanish paytida serverning haqiqiyligini tasdiglash;

3.  Foydalanuvchi autentifikatsiyasi: VPN, Wi-Fi va boshqa xizmatlarda foydalanuvchini
tasdiqlash;

4. Kodiimzolash: Ilova kodining yaxlitligini ta’'minlash.

X509 sertifikatlarining mobil qurilmalarda qo‘llanilishini tahlil qilish natijasida quyidagi

muammolar aniqlandi:

1. Sertifikat ishonch zanjirlari boshqaruvi: Mobil qurilmalarda ishonch zanjirlari

boshqaruvi murakkab va foydalanuvchilar ko‘pincha bu jarayonda xatolarga yo‘l qo‘yadi.

2. Sertifikatni tekshirish usullari: CRL va OCSP usullari mobil qurilmalar uchun resurs sarfi

yugqori bo‘lishi mumbkin.

3. Sertifikat pinning: To‘g’ri amalga oshirilmagan sertifikat pinning mexanizmi ilovaning

ishonchliligiga ta’sir qiladi.

4.3. Smartfonlarda kriptografik kalit va X509 sertifikatlarini boshqarish mexanizmlari
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Tadqiqot davomida Android platformasi uchun kriptografik kalit va X509 sertifikatlarini
boshqarish uchun OzDSt 1092:2009 va OzDSt 1106:2009 standartlaridagi algoritmlarni qo‘llab-
quvvatlovchi amaliy dastur ishlab chiqildi. 1-rasmda bu ilovaning ko‘rinishlaridan namunalar

keltirilgan.
4.3.1. Android platformasida kalitlarni xavfsiz yaratish

Android platformasida kriptografik kalitlar yaratish uchun Android Keystore System'dan
foydalanish tavsiya etiladi. Biroq, Android platformasida O‘zbekistonning OzDSt 1092:2009 va
O“zDSt 1106:2009 standartidagi kriptografik algoritmlar to‘g‘ridan-to‘g‘ri qo‘llab-quvvatlanmaydi.
Bu milliy algoritmlarni Android qurilmalarida qo‘llash uchun qo‘shimcha kutubxonalar yoki JNI

(Java Native Interface) orqali C/C++ da yozilgan implementatsiyalardan foydalanish talab etiladi.

Sertifikat nomi

Mirkhon Nurullayev

Sertifikat algoritmi:
uzdst1092_2009_alg1

Kalit kodi

& ol GE

%

Umumiy nom

Mirkhon Nurullayev sertifikati

Tashkilot

Buxoro davlat texnika universiteti

Bolim

AKT kafedrasi

Shahar

Buxoro shahar

Shtat. Viloyat

Buxoro viloyati

Marnlakat {2 harfli kod}

Uz

Emai

nurullayevmirxon@gmail.com

@ ® <

(a)

YARATMOQ

& fall E

UzDST

aXJ4b25A721haWwuY29tMIIBMDAIBgkqhlwDDwWEBAQEWG
AYKKoZcAWBBAQEBAQYK

8BAWEBAQOCAQUABIIBAAPIOSGQUZOCZbPZTIrNW
ImGBOMyBQOGHIM
EtJsa3IHpOLmbBLR552PKAfZGAYRI7RTIIO0YOY,
12TOmhrHF70ZEBFBgG2ZHLRMZ
2x0hu+FpZ8PBvmICkLdxL AneedSG5AHY20ntdlr
RrgY1KA
y2TnD7mURa1XhfeGzeXxPKc+BcjIL1s6H3HNT0
6kOfCLTR

GXRDFWPwWBRDWSBQRgDY|9tzRP7keHX
nJVXQs
kkKMjfUFuxS8PMxU12pOSNJcK/

FQ
EdH8aPDUNDL7mMgqsK64P5feXQUIEG
bKzl
0L8055qDiF3HXghGE09E42JaR5nLZkQPTRE8b/
OVctzF7F

TED PRIVATE KEY-
Ib3DQEFDTAZMB
DDAQBAjhzDUx/

ECPNu620vaaQMBH]0d1fxdAVCFVPCUT

q 41UxQ1r/
ATgALATXQcPYqdAPzUJvi3IrkeuBMRxdSFvhaylry3
pYGHTk++WaxI3Av7rzSva08NBVOgKAPYYldWXS2w
0IFISzNNnbygDZag=

—END ENCRYPTED PRIVATE KEY—

SERTIFIKATNI O'CHIRISH

el ® <

(b)

9:39 & @ Pl E
X509 INFO KONTENT

Certificate:

Data

Version: 3 (0x2)

Serial Number: 16216919690134684328
(0xe10e1289898402a8)

Signature Algorithm: 0'zDSt 1106-2009 Algarithm 1
with 0'zDst 1092-2009 Algorithm 1

Issuer: C=Uz, ST=Buxoroviloyati, L=Buxoroshahar,
0O=Buxoradavlattexnikauniversiteti,
OU=AKTkafedrasi,
CN=MirkhonNurullayevsertifikati/emailAddress=nuru
Validity

Not Before: Mar 20 04:38:14 2025 GMT

Not After : Apr 19 04:38:14 2025 GMT

Subject: C=Uz, ST=Buxoroviloyati, L=Buxoroshahar,
O=Buxoradavlattexnikauniversiteti,
OU=AKTkafedrasi,
CN=MirkhanNurullayevsertifikati/emailAddress=nuru
Subject Public Key Info:

Public Key Algorithm: 0'zDSt 1092-2009 Algorithm

1

X509v8 extensions:

%509v3 Subject Key Identifier:
44:79:BB:2C:3B:3E:FE:E4:D4:22:56:A3:AF:05:51:62:40;
X509v3 Authority Key Identifier:
keyid:44:79:BB:2C:3B:3E: FE-E4:D4:22:56:A8' AF:05:51:1

X509v3 Basic Constraints:

CATRUE

Signature Algorithm: 0'zDSt 1106-2009 Algarithm 1
with 0'zDst 1092-2009 Algorithm 1
2¢:54:11:b3:4d:67:73:8b:dd:84:ac:15:6 1:ff.06:87:1b:44:
3c:47:47:f1:a3:¢3:50:d6:fb:9a:0a:ac:2b:ae:0f.e5:f7:97:
41:4b:44:1b:90:ad:e6:70:82:62:82:9f 1b:7a:ee:bc:aces
72:8b:b6:7e:5c:1¢:e9:2d.0b:f3:4€:79:a8:38:85:dc: 75:e0
84:61:28:f4:4e:36:25:24:79:9¢:b6:64:40:f4:d1:f1:bf:d4:
9e:f7:3e:dd:4e:a2:39:57.2d:cc.5e:c5:e8:h5:b9:2a:02:d3
al'debderhd-43h9 A0 e 703377009024 2301 4-2(

a ® 4

(c)

1-rasm. Android platformasi uchun amaliy dastur: (a) Sertifikat uchun X509 standarti asosida

ma’lumotlarni kiritish; (b) Generatsiyalangan sertifikat va yopiq kalit kontenti; (c) X509 bo‘yicha

ma’lumotlari.

Bu yondashuv Android platformasida milliy kriptografik algoritmlarni qo‘llash imkoniyatini

bersa-da, bu tizimning xavfsizligini to‘liq ta’minlash uchun yetarli emas, chunki milliy algoritmlar
uchun kalitlar KeyStore’da bevosita himoyalanmaydi. Bu holat kriptografik kalit boshqaruvi

xavfsizligida muhim zaiflikni keltirib chiqarishi mumkin.

4.3.2. X509 sertifikatini yaratish va ishlatish
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X509 sertifikatlarini yaratish uchun OpenSSL va kerakli konfiguratsiya fayllaridan foydalanish

mumkin:
# 1. Kalit juftligini yaratish
openssl genpkey -algorithm RSA -out private_key.pem -pkeyopt rsa_keygen_bits:2048
# 2. Sertifikat so‘rovini yaratish
openssl req -new -key private_key.pem -out certificate.csr
# 3. Sertifikatni imzolash
openssl x509 -req -days 365 -in certificate.csr -signkey private_key.pem -out certificate

4.4. Kriptografik kalit boshqaruvi va X509 sertifikatlari sohasidagi zamonaviy

tendentsiyalar

Tadqiqot davomida kriptografik kalit boshqaruvi va X509 sertifikatlari sohasidagi quyidagi

zamonaviy tendentsiyalar aniqlandi:

1. Post-kvant kriptografiyasi: Kvant kompyuterlar an'anaviy kriptografik algoritmlarga
tahdid soladi, shuning uchun post-kvant kriptografik yechimlar aktual ahamiyatga ega. Poh va
boshqalar [9] tomonidan taklif etilgan PrivHome tizimi kvant hujumlariga bardoshli bo‘lgan

yondashuvlardan foydalanib, aqlli uy muhitida xavfsiz kommunikatsiyani ta’minlaydi.

2. Blockchain asosidagi sertifikat infrastrukturasi: Markazlashmagan sertifikat boshqaruvi
mexanizmlari ko‘proq ishonchli va shaffof bo‘lishi mumbkin. Feng va boshqalar [15] IoT qurilmalarni
aniqlash uchun yangi yondashuvlarni taklif etgan bo‘lib, bu yondashuvlar blockchain asosidagi

sertifikat infrastrukturasiga tayanadi.

3. Biometrik autentifikatsiya bilan integratsiya: Kriptografik kalitlar va biometrik
ma’lumotlarni birlashtirish xavfsizlik darajasini sezilarli darajada oshiradi. Mazurek va boshqalar [16]
tomonidan o‘tkazilgan tadqgiqot biometrik ma’lumotlar va kriptografik kalitlarning integratsiyasi

orqali parollar tahminlanishiga qarshi samarali himoya mexanizmlarini ko‘rsatdi.

4. Nol bilimli isbotlar: Maxfiylikni saqlagan holda autentifikatsiyani ta’'minlash uchun nol
bilimli isbotlardan foydalanish tendentsiyasi kuchaymoqda. Chen va boshqalar [17] IoTFuzzer
tizimini ishlab chiqib, bu tizim nol bilimli isbotlar orqali IoT qurilmalarda xotira korruptsiyalarini

aniqlashga yordam beradi.

5. Bulut-tuman (Cloud-Fog) xavfsizlik paradigmasi: Mukherjee va boshqalar [18]
tomonidan ishlab chiqilgan egiluvchan IoT xavfsizlik middleware tizimi end-to-end bulut-tuman

kommunikatsiyasini ta’minlash uchun yangi kriptografik yondashuvlardan foydalanadi.


https://journal.umft.uz/

Management and Future Technologies | journal.umft.uz June 2025 Volume 2, Issue 2

Xulosa va takliflar
Tadqiqot natijasida quyidagi xulosalarga kelindi:

1. Smartfonlarda kriptografik kalit boshqaruvi va X509 sertifikatlari ma’lumotlar xavfsizligini

ta’minlashning asosiy elementi hisoblanadi.

2. Android va iOS platformalari kriptografik kalitlarni boshqarish uchun turli mexanizmlar
taqdim etadi, biroq ularning xavfsizlik darajasi bir xil emas. iOS platformasi ko‘proq apparat

darajasidagi himoyaga asoslangan, Android esa ko‘proq dasturiy himoyaga tayanadi.

3. X509 sertifikatlari mobil qurilmalarda autentifikatsiya va shifrlash uchun keng qo‘llaniladi,

ammo sertifikatlarni boshqarish va tekshirish mexanizmlari takomillashtirilishi kerak.

4. Ofzbekiston Respublikasi standartidagi O%zDSt 1092:2009 va O%ZDSt 1106:2009
kriptografik algoritmlari yuqori darajadagi xavfsizlikni ta’minlash imkoniyatiga ega bo‘lsa-da, ushbu
algoritmlarni Android va iOS kabi global platformalarda qo‘llash uchun integratsiya muammolari

mavjud.

5. Post-kvant kriptografiyasi, blockchain asosidagi sertifikat infrastrukturasi va nol bilimli
isbotlar kabi zamonaviy tendentsiyalar mobil qurilmalar xavfsizligini yangi darajaga olib chiqishi

mumkin.
Tadqiqot natijalariga ko‘ra quyidagi takliflar ishlab chiqildi:
1. Mobil ilovalar ishlab chiqaruvchilari Android Keystore va iOS Keychain mexanizmlaridan

to‘g’ri foydalanish uchun maxsus qo‘llanmalar yaratish kerak.

2. Smartfonlarda X509 sertifikatlarini boshqarish va tekshirish uchun resurs tejaydigan

mexanizmlarni rivojlantirish tavsiya etiladi.

3. O0%ZDSt 1092:2009 va O7%ZDSt 1106:2009 milliy kriptografik algoritmlarini mobil
qurilmalarda samarali qo‘llash uchun maxsus kutubxonalar va SDK'lar ishlab chiqish zarur. Bu

kutubxonalar xalqaro platformalar (Android, iOS) bilan to‘liq integratsiyalashgan bolishi kerak.

4. Post-kvant kriptografik algoritmlarni mobil qurilmalarga joriy etish bo‘yicha tadqiqotlarni
kengaytirish kerak.

5. Smartfonlarda kriptografik kalitlar va biometrik ma’lumotlarni integratsiyalash

mexanizmlarini takomillashtirish lozim.

6. Milliy kriptografik algoritmlar asosida mobil qurilmalar uchun kengaytirilgan X509
sertifikat profilini ishlab chiqish kerak, bu milliy algoritmlarni xalgaro standartlar bilan birgalikda

qo‘llash imkoniyatini beradi.

Kelajakdagi tadqiqotlar smartfonlarda post-kvant kriptografik algoritmlarni joriy etish,

blockchain asosidagi sertifikat infrastrukturasini mobil qurilmalarga integratsiyalash, nol bilimli
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isbotlar asosidagi autentifikatsiya mexanizmlarini o‘rganish va O“bekiston milliy kriptografik

algoritmlarini xalqaro platformalarda qo‘llash strategiyalarini ishlab chiqishga qaratilishi mumkin.
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AKADEMIK QARZDOR
TALABALARNING
QAYTA O‘QISHINI
SAMARALI

TASHKIL QILISH VA
MONITORINGINI
YURITISH TIZIMI

nnotatsiya: Mazkur maqolada akademik qarzdor
talabalarning qayta oqishini samarali tashkil qilish va
monitoring qilish tizimining ishlab chiqilishi, uning
funksiyalari va afzalliklari keng yoritiladi. Tizim akademik
qarzdorlikka ega bolgan talabalarning qayta oqish jarayonini
avtomatlashtirishga qaratilgan bo'lib, u orqali shartnomalarni
registratsiya qilish, tolovlar monitoringini yuritish, fan
guruhlarini shakllantirish va HEMIS tizimi bilan integratsiya
qilish kabi imkoniyatlar taqdim etiladi. Shuningdek,
professor-oqituvchilar yuklamalarini nazorat qilish va qayta
oqitish jarayonining umumiy nazoratini amalga oshirishga
mo'Tjallangan statistik hisobotlar yaratish imkoniyati ham
mavjud. Ushbu tizim talim jarayonida sifatni oshirishga,
qayta oqitish jarayonlarni soddalashtirishga va nazoratni
mustahkamlashga xizmat qiladi.
Kalit so‘zlar: HEMIS, akademik qarzdor, qayta oqish, fan
guruhi, buyrugq, parallel dars, yuklama.
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Kirish

Dolzarbligi: Oliy ta’lim tizimida raqamlashtirish jarayonlari keng kolamda amalga
oshirilayotgan bir paytda, ta’lim sifatini oshirish va o‘quv jarayonlarini samarali boshqarish dolzarb
masalalardan biri bo‘lib qolmoqda. Xususan, akademik qarzdor talabalar bilan bog‘liq jarayonlarni
samarali tashkil etish va monitoring gilish masalasi hozirgi kunda oliy ta’lim muassasalari (OTM)
oldida turgan jiddiy muammolardan biridir. Hozirgi paytda oliy ta’lim muassasalarida
qo‘llanilayotgan HEMIS (Higher Education Management Information System) tizimi talabalarning
umumiy ma’lumotlarini saqlash va nazorat qilish imkonini bersa-da, unda aynan akademik
qarzdorlik holatlarini chuqur tahlil qilish, qayta o‘qish jarayonlarini rejalashtirish va nazorat gilishga

mo ‘ljallangan to‘liq funksional imkoniyatlar yetarli emas.

Xususan, HEMIS tizimining o‘zida yoki u bilan boglangan holda, quyidagi muhim

funksiyalarni amalga oshirish imkoniyati mavjud emas:
Qayta o‘qish jarayonlarini avtomatik monitoring qilish;

Akademik qarzdor talabalarning dars jadvali va qayta o‘qish jadvalidagi parallel darslarni

aniglash;
Talabalarning qayta o‘gishdan bo‘sh vaqtlarini optimallashtirish;

Qayta o‘qish mashg‘ulotlarida ishtirok etayotgan professor-o‘qgituvchilar ish yuklamalarini

nazorat qilish va muvofiglashtirish.

Bu kabi funksional cheklovlar natijasida, qayta o‘qish jarayonlarini rejalashtirishda va
talabalarning individual o‘quv trayektoriyalarini shakllantirishda jiddiy to‘siglar yuzaga kelmoqda.
Shu bois, zamonaviy texnologiyalarga asoslangan maxsus vositalar va avtomatlashtirilgan

yechimlarga ehtiyoj sezildi.

Mavjud tizimlar taxlili va Masalaning qo‘yilishi: Oliy ta’lim muassasalarida o‘quv jarayonining
uzluksizligi va sifatini ta’minlashda, talabalar tomonidan fanlarni o‘zlashtirish darajasi muhim o‘rin
tutadi. Afsuski, ba’zida turli sabablar, jumladan sog‘liq muammolari, shaxsiy muammolar, akademik
tayyorgarlikning pastligi yoki boshqa tashkiliy omillar tufayli talabalar ayrim fanlardan qarzdor bo‘lib
qolishadi. Ushbu holat 0z vaqtida to‘g‘ri boshqarilmasa, nafaqat talabaning umumiy o‘zlashtirishiga,
balki butun ta’lim muassasasining reytingiga ham salbiy ta’sir ko‘rsatadi. Shuningdek, bu jarayonni
qo‘lda boshqarish ko‘plab byurokratik kechikishlar, insoniy xatoliklar va resurslarning samarasiz

sarflanishiga olib kelishi mumkin.

Amaldagi HEMIS tizimi akademik jarayonlar va hisobotlarni yuritishda asosiy platforma bo‘lib
xizmat qilsa-da, qayta o‘qishlarni tashkil qilish jarayonida quyidagicha cheklovlar mavjud:

Qarzdorliklarni bartaraf etish uchun ma’lum fandan qarzdor barcha talabalarni aniglashning

murakkabligi;
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Fanlar o‘rtasidagi qayta o‘qish jadvali to‘qnashuvlarini avtomatik tahlil gilish imkoniyatining
yo‘qligi;
Professor-o‘qituvchilar yuklamalarini nazorat qilish imkoni yo‘qligi.

Ushbu muammolarni yechish maqgsadida bizning jamoa tomonidan "Akademik qarzdor
talabalarning qayta o‘qishini samarali tashkil qilish va monitoringini yuritish tizimi"ni ishlab chiqish
rejalashtirildi. Ushbu tizim yordamida akademik qarzdor talabalarning qayta o‘qish mashg‘ulotlarini
rejalashtirish, qayta o‘qish dars jadvalini optimal tuzish, professor-o‘qgituvchilar yuklamalarini oshib
ketmasligini hisobga olish va barcha jarayonlarni real vaqt rejimida monitoring qilish imkoniyatlarini
qo‘shish magsad qilib olindi. Mazkur avtomatlashtirilgan tizim OTM rahbariyati, fakultet dekanatlari
va o‘qituvchilar uchun qulay boshqaruv vositasi bo‘lib xizmat qilishii. Shu bilan birga, talabalar ham
oz qarzdorlik holatini va qayta o‘qish jadvalini aniq va oson ko‘rishlari, oz vaqtlarini to‘gri
tagsimlashlari mumkin bo‘lishi. Bu esa, 0z navbatida, ta’lim jarayonining samaradorligini oshirish

va akademik intizomni mustahkamlashga xizmat qilishi belgilab olindi.

Metodologiya

Ushbu tizimni ishlab chigish jarayonida asosiy e’tibor HEMIS tizimining mavjud imkoniyatlari
va cheklovlariga qaratildi. HEMIS tizimi O‘zbekiston Respublikasi oliy ta’lim muassasalarida ta’lim
jarayonlarini avtomatlashtirish va boshqarish uchun keng foydalaniladi. Biroq, mazkur tizimda
talabalarning qayta o‘qish jarayonlarini tashkil qilish imkoniyati mavjud bo‘lsa-da, ushbu

jarayonlarni to‘liq monitoring qilish, nazorat qilish va tahlil gilish imkoniyatlari cheklangan.

Ko‘zlangan maqsad: Masalan, HEMIS tizimida talabalar tomonidan qayta o‘qish uchun
berilgan arizalarni kuzatib borish, fan guruhlarini yaratish va talabalarni ushbu guruhlarga to‘g’ri
biriktirish mumkin bo‘lsa-da, ularga tegishli buyruqlarni shakllantirish, dars jadvallarini nazorat
qilish, darslar paralleligini tekshirish, talabalarning kunlik yuklamalarini oshib ketmasligini
ta’minlash va professor-o‘gituvchilarning yuklamalarini samarali boshqarish kabi jarayonlarni

avtomatlashtirish imkoniyati yo‘q.

Shu sababli, HEMIS tizimi bilan integratsiyalashgan va ushbu cheklovlarni bartaraf etishga
qaratilgan yangi tizim ishlab chiqishga ehtiyoj sezildi.

Tizimni yaratishda quyidagi texnologiyalar va metodologiyalar qo‘llanildi:
Dasturlash tillari: Python, JavaScript, va boshqa yuqori darajali dasturlash tillari.
Dasturlash mubhitlari: Django, Django Rest Framework, Aiogram.

Ma’lumotlar bazasi boshqaruv tizimlari: PostgreSQL ma’lumotlar bazalari, bu katta hajmdagi

ma’lumotlarni samarali boshqarish imkonini beradi.

API: HEMIS tizimining ochiq API lari orqali ma’lumotlarni uzluksiz sinxronlashtirish,
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TelegramAPI telegram-bot orqali talabalarga qayta o‘qishlari boshlanganligi haqida xabar berish.

Talabalar tolov malumotlari va umumiy jarayonni yuritish uchun qo‘shimcha alohida

ma’lumotlar bazasi yaratish metodlari.

Talabalarni qayta o‘qish buyruglarini avtomatik shakllantirish uchun maxsus algoritm va

kutubxonalardan foydalanish usullari.

Fan guruhlariga HEMIS tizimida dars qo‘yilganligi, darslar yuklamalari ajratilgan yuklamaga
mos kelishi va yakuniy nazoratlar qo‘yib baholanganligini avtomatik tekshirib turish uchun HEMIS
tizimi bazasi bilan integratsiyani samarali tashkil qilish chora tadbirlarini samarali amalga oshirish

metodlari.

Professor-o‘qituvchilar yuklamalarini nazorat qilish uchun ogituvchilarga ajratilgan

yuklamalarni avtomatik hisoblab borish mexanizmi ishlab chiqish metodlari.

Qayta o‘qish davrlariga oid statistik ma’lumotlarni avtomatik yuritish uchun ma’lumotlar

bazasida to‘g’ri boglanishlarni amalga oshirish bo‘yicha yo‘rignomalar.

Mazkur tizim, HEMIS tizimidan olingan ma’lumotlarni tahlil qilish, ularni qayta ishlash, va
yangi statistik hisobotlarni shakllantirish imkoniyatini taqdim etadi. Ushbu yondashuv orqali o‘quv

jarayonlarining samaradorligi va sifatini oshirishga erishildi.

Natijalar
Yaratilgan tizimi quyidagi asosiy Imkoniyatlarga ega bo‘ldi:

Qayta o‘qish uchun shartnoma va kvitansiyalarni registratsiya qilish va to‘lovlar monitoringi:
Talabalar qayta o‘qish uchun olgan shartnomalari va bu shartnomalar asosida amalga oshirilgan
tolov kvitansiyalari tizimga registratsiya gilinadi. Ushbu ma'lumotlar buxgalteriya tomonidan

nazorat gilinadi (1-rasm).

TALABA FANLARI
» TALABA TOLXQ S FAGATETY YONALESH OQUV REJA GURUM TAUM T QABLL. VI SIMESTIR L FAN TUR KREDIT OQUY YUKLAMA SUMMA TANLASH
Iyt
IBRAXIMOV ELDOR . n:! SO ot 231/94 ocryot
" ais 231/94qtisodyo
eody (tarmoglar va Iqtisodiyot (2 NPOR O'zbek 2022 4-semestr  Falsafa  Mapuiy 50 150 11676000 V]
BAXRAM OG'U fanlar 2 (2-mutaxassisii)
sohslar boyicha)  mutaxassisii)
fakultet
A 50 150 1167600.0
2024-KUZG! Iftimoly-4qtisodly fanlar fakulteti (2-muts \
Shartnomani yuklash Kvitansiyani yuidash
Basbepure Gain 43831018-6c86-4236-8381-61602851005 paf Bastepure dain e patf

1-rasm. Shartnoma va kvitansiyani tizimga yuklash oynasi


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 | Volume 2, Issue 2

Arizalar monitoringi: Fakultetlar kesimida qaysi fandan nechta talaba qayta o‘gish uchun ariza
topshirganini, fan guruhiga qo‘shilganligini va buyruqqa qo‘shilganligini kuzatib borish imkoniyati

mavjud (2-rasm).

FANLAR KESIMIDA QAYTA 0'QISHGA TAYYOR TALABALAR SONI

rk hetni tanlang
S FAN GURUHIGA BUYRUQQA
FAKULTET KEDIT 5 QUSHILMAGAN QUSHILMAGAN
=0 TALABALAR SONI TALABALAR SONI
¢ 0

ltmoiy-igtisodiy fanlar fakuiteti

Moliya

2 litimoiy-igtisodiy faniar fakuiteti T-semester Innovatsion igtisodiyot 6.0 / )
3 ijtimoiy-iqtisodiy fanlar fakuheti T-semester  Maxsus tarix fanlari 50 s
4 imoiy-iqtisocy faniar fakuiteti Tsemester  Soliqva soliqqa tortish 50 e 0 0

5 ijtimoiy-iqisodiy fanlar fakulteti 3-semes ter  Marketing 30 6 o 0

2-rasm. Fanlar kesimida qayta o‘qish uchun ariza topshirgan talabalar soni.

Talabalarni qayta o‘qitish buyrug‘iga qo‘shish: Talabalarni qayta o‘qitish uchun talaba qayta
o'qitilayotgan fani bo‘yicha buyruqqa qo‘shiladi (3-rasm).

HECH BIR BUYRUQQA QU'SHILMAGAN TALABALAR
fakultet
Fakultemi tanlang

@ Vuklab olish

1mznz:y17n

/H--__- k) E—m-

I PTERPOMUKIYO pigerioooss ok MOV gy gy 202360230700 Amaliy flologiya 231-amaly fiologiva T-semester  Adabiyotshunoslik asoslari
XURMATEEK 012

YANGIBOYEV ARABEOY Fizike-matematika 223 amaliy matematika " :
2 1221103776 matematica 0'zbek T-semester  Analitik geometriva Tanlov 5 150 ]

IXTIYOR OGLI fakulteti (kunduzgi) /
— e

3-rasm. Talabalarni qayta o‘qitish buyrug‘iga qo‘shish oynasi.

Buyruq faylini shakllantirish: Buyrugqa qo‘shilgan talabalar malumotlari asosida qayta oqitish

buyrug‘ini shakllantirish mumkin (4-rasm).

Fan nomi: O‘zbek tilini sohada qo‘llanilishi

Kredit Kredit

Ne Familya-Ismi-Sharifi Guruh Semestr, ha?mi to‘lov (...

J so‘m)
Amaliy matematika
1 [BOLTAYEV RUSLANBEK RASULBEK O°G'LI "204-Amaliy matematika (Kunduzgi Ozbek)'| 7 | 3 | 320631
Fizika
2 [SULTONOV G‘ULOMJION OTAJONOVICH 202 fizika (kunduzgi) 7 3 [ 320631
3 |ATABAYEV QUVONDIQ ZARIPBOY O‘G'LI 202 fizika (kunduzgi) 7 3 | 320631
4 [RAXIMOV ABROR SARDOR O‘G'LI 202 fizika (kunduzgi) 7 3 | 320631
5 TUMABOYEVA SADOQAT SHONAZAR QIZI 202 fizika (kunduzgi) 7 3 | 320631
6 |YULDASHEVA GULFIZA RAXIMBAYEVNA 202 fizika (kunduzgi) 7 3 | 320631
7 |YAXSHIMURATOV SHAHRIZOD SHAVKAT O°G'LI 202 fizika (kunduzgi) 7 3 | 320631
Matematika
8 |ODAMBOYEV UMARBEK O°'SMON O‘G'LI 206 matematika (kunduzgi) 7 3 [ 320631
9 [RAXIMOV FARRUX ASKAR O°G'LI 206 matematika (kunduzgi) 7 3 | 320631
Fan nomi: Yangi tahrirdagi O’ zbekiston Respublikasi Konstitutstyasi

Kredit Kredit

Ne Familya-Ismi-Sharifi Guruh Semestr, ha?mi to‘lov (...
J so‘m)

Fizika
1 [JALOLADDINOV QALANDAR JALOLADDINO‘GLI | 201 fizika (kunduzgi) [ 7 [ 2 [ 213754
Matematika

2 |ATAJANOV SHOHZODBEK JUMANIYAZOVICH [ 203 matematika (kunduzgi) [ 7 [ 2 [ 21374

4-rasm. Qayta o‘qish buyrug'i shakllangan fayli.
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Fan guruhlarini yaratish va boshqarish: Talabalarning qayta o‘qish uchun tanlagan fanlari
bo‘yicha fan guruhlari yaratiladi va ularga talabalar biriktiriladi. Bir xil fanni qayta o‘qimoqchi bo‘lgan
talabalar uchun umumiy fan guruhlari tashkil qilinadi, hattoki, yo‘nalishlari turlicha bo‘lsa ham (5-6

rasmlar).

FAN KESIMIDA QAYTA O'QISHGA TAYYOR TALABALAR SONI

@ Yuklab olish

Fan guruhi
Fan guruhini tanlang

H THAATOHAS SN m SEHESTER “ SOV m

Ijtimoiy- Tarix 2022-60220300-Tarix
QUROMBOYEV 2 4 Maxsus
" dtisody  (mamlakatiarva  (mamiakatiar va 26 )
1 RISHAT NE'MAT 341221103088 A A 2 0'zbek 1 tarix Tanlov 150 yaratish
iy fanlar yonalishlar yonalishlar boyicha)  Tarix ol
ari
fakulteti boyicha) (Kunduzgi 0'zbek)
Ijtimoiy- Tarix 2022-60220300-Tarix o
TAJIBAYEVA LOBAR iqtisodiy (mamlakatlar va (mamlakatlar va 224- . "
2 341221103062 . b o 0'zbek 1 tarix Tanlov 5 150 yaratish
BALTABAY QIZI fanlar yonalishlar yonalishlar boyicha)  Tarix i
fakulteti  boyicha) (Kunduzgi O'zbek)
ERGASHEVA !mmmy- Tarix 2022-60220300-Tarix 21- Maxsus
iqtisodiy (mamlakatiarva  (mamlakatlar va
3 ANORGUL 341221101656 - . . Tarix Rus 1 tarix Tanlov 150 aratis|
g fanlar yonalishlar yoraisharbojichs) =
fakulteti boyicha) (Kunduzgi Rus)
Ijtimoiy- Tarix 2022-60220300-Tarix
i iqtisodi (mamlakatiarva  (mamlakatiar va My i
4 XUDAYSHUKUR 341221101685 a v . . . Tarix Rus 1 tarix Tanlov 5 150 ratisk
= fanlar yo'nalishlar yo'nalishlar bo'yicha) o
ILXOMBEK O'G'LI " " (Rus) fanlari
fakulteti boyicha) (Kunduzgi Rus)

5-rasm. Fan kesimida ariza topshirgan talabalar soni.

YANGI FAN GURUHI YARATISH

Fan: Maxsus tarix fanlari Yangi fan quruhi nomi

Umumiy fan gurchitenlash

Umumiy fan guruhini tanlang

Yangi fan guruhi yaratish

Tarix va yonalishlar boyicha)-M tarix fanlari (0'zbek) 1-(sem)

=

6-rasm. Fan guruhi yaratish oynasi

HEMIS tizimi bilan integratsiya: HEMIS tizimida talabalar tomonidan fanlarni qayta o‘qishga
berilgan arizalar va yaratilgan fan guruhlariga to‘g’ri biriktirilganligi tekshiriladi va fan guruhi
yaratilgan fanning o‘quv rejada biriktirilgan kafedrasi va yuklamasi malumotlari chaqirib olinadi (7-

rasm).
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_
Yuklama
I
1 Ma'ruza 16
2 Amaliy 16
3 Mustagil ta'lim 148

Kafedra: Biznes va boshqaruv
Jami summa: 4% 0 som

Talabalar
TALABA TOLIQ ISMI TALABA ID FAKULTET 0'QUV REJA A GLLy e = A
iy YUKLAMA BERGAN BIRIKKAN 'YUBORILGAN
1] 1- 1
saouLLaey ooy ratsodr gy Z1/7IRNG imovtson
1 QAXRAMONNASIRULLA 341211106583 oo tisodiy d mutaxassislik) Ozbek  7-semester 6 180 Ha Ha
X fanlar va sohalar boyicha) (2- iqtisodiyot
oGL . Igtisodiyot
fakulteti mutaxassisik)
Ijtimoly- *2021-5230100-
} 211/7-guruh (2- .
XAKIMOV JAMOLADDIN iqtisodiy Igtisodiyot (tarmoglar | Innovatsion
2 34121110589 ! mutaxassisiik) Ozbek  7-semester oo 6 180 Ha Ha
XIKMATULLOYEVICH fanlar va sohalar boyicha) (2: T oS iqtisodiyot
fakulteti mutaxassislik)” tisody
URAZOV SARVARBEK lJl‘m;:g y ‘zto 52;;152;0(::‘:\0 lar 211/7-guruh (2- Innovatsion
i i
3 341211106448 90009 'qtisodly d mutaxassislik) O'zbek  7-semester o o 6 180 Ha Ha
SANJAROVICH fanlar va sohalar boyicha) (2- e iqtisodiyot
B Iqtisodiyot
fakulteti mutaxassisik)

7-rasm. Fan guruhi talabalarining HEMISda arizasi va fan guruhiga birikkanligi.

Dars jadvali va nazorat jadvali monitoringi: HEMIS tizimida yaratilgan fan guruhlariga

qo‘yilgan darslar boshlashi-tugashi va nazorat sanalarini kuzatish imkoniyati mavjud (8-rasm).

—— ows | v | OMS | oM | e
FAKULTET 'YONALISH SEMESTER TALABALAR QOYISHGA REJADA / TUGASH 3 NAZORAT XABAR BANDLIGINI
sow somoan | mwnon | voomor | T
ot "2022-

: 60310100-
itimoiy- Iqtisodiyot 2 S Maruza2/2
Kichikbiznesva | Iqtisodiyot Kichik biznes va .
iqtisodiy (tarmoglar va . Amaliy2/2 11122024 17 i
3 xususiy (tarmoglar va 6 1 xususiy tadbirkorlik- 114220 b Tekshirish
4 fanlar sohalar Seminar0/0 12122024 8
tadbirkorlik i e sohalar 2(UZ8) 6-SEM St
Y boyicha) (2- £
mutaxassislik)”
"2022-
Ijtimoiy- Igtisodiyot S0, Maruza2/2
Iqtisodiyot Global igtisodi
Global iqtisodiy igtisodiy (tarmoglar va s oS ol Amaly2/2 0912202 17.12.202
54 (tarmoglar va 6 1 tivojlanish-2(UZE) 6- Tek
tivojlanish fanlar sohalar e iy Seminar0/0  10.12.202 N.:18.12.2024
fakulteti boyicha) Pl Labya0/0
mutaxassisiik)”
"2021-
60310100-
ijtimoly- Iqtisodiyot kit Maruza2/2
iqtisod tarmoglar va Makroigtisodiyot- Amaly2/2  09.12.2024
55 Makroigtisodiyot Hsech. (arhoqiery (tarmoglar va 5 1 ol socs 2! > Tekshirish

fanlar sohalar s 2(UzB) 5-SEM Seminar0/0 Y.N.
fakulteti boyicha) b,s: yf:‘?) / Lab—yao/o /
8-rasm. Fan guruhi yuklamasi toliq bo‘lganligi, dars boshlash-tugash sanalari, nazorat sanalari va

telegram-bot orqali xabar yuborish oynasi.

Paralel darslarni tekshirish: Bir necha fandan qayta o‘giyotgan talabaning darslari parallel
kelmasligini, kunlik yuklamasi me’yordan oshib ketmasligini tekshirish imkoniyati taqdim etiladi(9-

rasm). Shu orqali talabalar dars jadvalining moslashuvchanligini ta’'minlashga erishiladi.

TALABANING PARALLEL DARSLARI

AXMEDOV OTAJON O'RAZBOY O'G'LI Nov. 25,2024 15:30- 16:50 Z 1246_Jismoniy madaniyat-Sport inshootlari (O°zbek) 6-(sem) 2021

2 AXMEDOV OTAJON O'RAZBOY O'G'LI Nov. 25,2024 15:30- 16:50 ﬂ 1332_Jismoniy madaniyat-Shaxmat (0'zbek) 6-(sem) 2021

9-rasm. Talabaga parallel qo‘yilgan darslarni ko‘rish.

Professor-o‘qituvchilar yuklamalarini nazorat qilish: Professor-o‘qituvchilarga qayta o‘gitish

uchun berilgan yuklamalarni nazorat qilish, ularga berilgan soatlar bo‘yicha hisobotlarni
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W\ tayyorlash(10-rasm) va qayta o‘qitish buyrugqlariga qo‘shish jarayonlari tizim orqali amalga oshiriladi.

FANGURUHLARI | FANGURUHLARI | FAN GURUHLARI

Biznes va BABAJANOV JAVOHIR

1 76 60 0 0
boshqaruv FAYZULLA O'GL
s BAXTIYOROV
iznes va
2 XUDAYBERGAN XAMDAM 52 52 0 0
boshqaruv

oGl

SAFARBOYEV NODIRBEK
3 Sportoyinlari - 30 26 0 18
SHAVKAT O'G'LI

10-rasm. Professor-o‘qituvchilar yuklamalari va unga to‘lanadigan soatbay haglar hisobi.

Buyruglarni shakllantirish va saqlash: Tizim orqali qayta o‘qitish jarayonida barcha buyruqlarni

avtomatik ravishda shakllantirish va saqlash imkoniyati mavjud(11-rasm).

QAYTA O'QISH BUYRUQLARI

Buyrug ragami boyicha izlash

BUYRUQ NOMI RITRUG Chalo DUSKINDL AN, TARIF WLl 'YARATILGAN VAQTI OZGARTIRILGAN VAQTI BUYRUQ ILOVASI
RAQAMI | KOPQOSHILGANLAR | TALABALAR SONI QuNGAN

Akademik qarzdor talabalaming tashabbusi bilan mavjud akademik garzlami

March 27, 4, 2:0! 1 4, 2:4¢ I
topshirish magsadida qayta o'qish tashkil etish togrrisida orchv27, 2024200 | (OckI®2024 ZaBpm: || (Uovameviud emes

3.01.2024y. 1-T§4 2023

5 050 39-T§2 korish 147 2023 toza buyruq Yozgi 3 Aug.5,2024,11:36am.  Oct. 18,2024, 2:46 p.m. ilova mavjud
7 10.042024y.41T§1  41-T§1 korish 314 2028 Qayta oqish 6-buyrug May 21,2024,8:40pm.  Oct. 18,2024, 2:47 pm. ilova mavjud
i Akademik qarzdor talabalaming tashabbusi bilan mavjud akademik garzlami
12 2001.2024y.0T§4  9-T§4 kofish 831 2023 : S March 19,2024,3:07p.m.  Oct. 18,2024, 2:48 pm. ilova mavjud
topshirish magsadida qayta o'gish tashkil etish to'grisida
15 5.05.2024y. 47-T§1  47-T§1 ko'rish 6 2023 Sirtqi gayta ogish June §,2024, 3:29 p.m. Oct. 18,2024, 2:47 p.m. ilova mavjud

11-rasm. Qayta o‘qitish buyruqlari oynasi.

Arxivlash: O‘qishi tugagan fan guruhlari arxivga ko‘chiriladi va o‘zi birikkan qayta o‘qish
davriga bogliq holda ko‘rish imkoniyatiga ega bo‘ladi(12-rasm).

QAYTA O'QISHLAR
I
SONI SONI TALABALAR SONI TALABALAR SONI TALABALAR SONI YUKLAMASI
2024-2025 Kuzgi 635/295 korish
2 2023-2024 Yozgi 951 649 3033/ 1465 2891 142 korish
3 2023-2024 Bitiruvchi 1018 916 2639 /1299 2614 25 korish
4 2023 - Bahorgi 7 7 12/7 12 0 korish

12-rasm. Qayta o‘qitish davrlari kesimida statistikalar oynasi.

Statistik hisobotlar yaratish: Qayta o‘qitish davri statistikalarini yuritish, har bir fan va talabalar

haqida tahliliy hisobotlar tayyorlash tizimning muhim imkoniyatlaridan biri hisoblanadi.

Muhokama

Tizim yordamida 2023-2024 o‘quv yilidagi qayta o‘gishlar davomida 5000 dan ziyod talabaning
qayta o‘qish jarayonlari samarali boshqarildi. Har bir talabaning qayta o‘gishga bo‘lgan arizalari,

to‘lov kvitansiyalari va fan guruhlariga biriktirilishi avtomatlashtirilgan holda amalga oshirildi.
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200 dan ziyod professor-o‘gituvchilarga 20 soatdan 200 soatgacha bo‘lgan yuklamalar
tagsimlandi. Bu yuklamalar tizim tomonidan avtomatik ravishda hisoblanib, dars jadvalining

moslashuvchanligi ta’minlandi.

Talabalar va professor-o‘gituvchilar bilan bogliq barcha jarayonlar avtomatlashtirilgani
sababli, inson omilidan kelib chiqadigan xatolar minimal darajaga tushirildi. Bu esa jarayonlarning

tezkor va aniq bajarilishini ta’minladi.

Tizim HEMIS bilan integratsiya qilinib, talabalar va fan guruhlari bo‘yicha ma’lumotlar har 2
soatda yangilab borildi. Bu esa qayta o‘qish jarayonlarini nazorat qilishni osonlashtirdi va o‘quv

jarayonining samaradorligini oshirdi.

Tizim orqali barcha qayta o‘qish jarayonlari elektron tarzda boshqarildi va statistik hisobotlar
shakllantirildi. Ushbu hisobotlar ma’muriy qarorlar qabul qilish jarayonini qo‘llab-quvvatlashga

xizmat qildi.

Tizimga O‘zbekiston respublikasi adliya vazirligi tomonidan taqdim etiladigan elektron
hisoblash mashinalari uchun yaratilgan dasturning rasmiy ro‘yxatdan o‘tkazilganligi to‘g'risidagi

guvohnoma olindi.

Natijalar shuni ko‘rsatib turibdiki, mazkur yangi tizim talabalarning qayta o‘qish jarayonlarini

samarali tashkil etish va monitoring qilishda muhim vosita sifatida ozini namoyon eta oldi.

Xulosa

Mazkur tizim akademik qarzdor talabalarning qayta o‘qishini samarali boshqarish va
monitoring qilish jarayonida muhim vosita sifatida o%zini namoyon etdi. Tizimning
avtomatlashtirilgan imkoniyatlari o‘quv jarayonining barcha bosqichlarini tezkor va aniq

boshqarishga yordam berdi, bu esa ta’lim sifatini oshirishda muhim ahamiyat kasb etdi.

Jarayonlarning avtomatlashtirilishi inson omili sababli yuzaga kelishi mumkin bo‘lgan
xatolarni kamaytirib, jarayonlarni yanada soddalashtirdi. HEMIS tizimi bilan integratsiya gqilish
orqali talabalar va fan guruhlari bo‘yicha dolzarb ma’lumotlar real vaqt rejimida yangilanib turdi, bu

esa boshqaruv jarayonini samarali gilishga xizmat qildi.

Tahlil natijalari ko‘rsatdiki, tizimning samaradorligi va qulayligi foydalanuvchilar tomonidan
yuqori baholandi. Biroq, kelgusida tizimni yanada takomillashtirish, foydalanuvchi interfeysini
intuitivroq qilish va sun’iy intellekt imkoniyatlarini joriy etish orqali tizimning funksionalligini

oshirish imkoniyatlari mavjud.

Umuman olganda, mazkur tizim qayta o‘qish jarayonlarini boshqarishda zamonaviy yechim
sifatida taqdim etildi va kelajakda ushbu yo‘nalishdagi ishlarni yanada rivojlantirish uchun

mustahkam poydevor bo‘lib xizmat giladi.
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ANTENNA
QURILMALARIDA
METAMATERIAL-
LARNING AHAMIYATI

nnotatsiya: Ushbu maqolada antenna qurilmalarini
yasashda qollaniladigan turli materiallarning giyosiy
tahlili amalga oshirilgan. Tahlil davomida ananaviy,
kompozit va meta materiallarning hususiyatlari organilgan va
ularning antenna qurilmalarida qollanilish masalalari ko'rib
chiqilgan. Mis, alyuminiy, oltin kabi materiallar ozlarining
yuqori elektr va issiqlik o‘tkazuvchanligi bilan ajralib turadi
ammo narxi va bardoshliligi borasida ayrim cheklovlarga
ega. Kompozit materiallar esa nisbatan yengil bolib antenna
qurilmalaridan tashqari aviatsiya va avtomobil sanoatida ham
keng qollaniladi. Metamateriallar oziga xos xususiyatlrga
ega bolib, signal uzatish va elektromagnit boshqaruv
sohalarida ancha foydali hisoblanadi. Metamateriallarni
patch antennasida qollash boyicha immitatsion model
yaratilgan va simulyatsion natijalari olingan. Olingan natijalar
metamateriallarni antenna qurilmalarida qollash ularning
samaradorligini oshirish imkonini berishini ko‘rsatdi.
Kalit so‘zlar: Materiallar, antenna, metamaterial, patch
antenna, imitatsion model.



https://journal.umft.uz/
mailto:mirzaqulov@samtuit.uz
mailto:shahriyorvsshahrambek@gmail.com
mailto:sardorbaxtiyorov45@gmail.com
mailto:bozorov@mail.ru
mailto:bozorov@mail.ru
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

Kirish

Bugungi kunda  dunyoda  axborot-kommunikatsiya  texnologiylariga, = xususan
telekommunikatsiya sohasiga katta e’tibor qaratiimoqda. Ushbu sohada kundan-kunga yangidan
yangi ijobiy o‘zgarishlar va tashabbusli loyihalar yaratilmoqda. Ushbu sohani rivojlantirish
magqgsadida mutaxassislar tomonidan olib borilayotgan ishlar ayni kunlarda yurtimizda ham jadallik
bilan davom etmoqda. Shu bilan birga katta ma’lumotlar oqimi bilan ishlaydigan, sifatli va tezkor
aloga xizmatlarini talab qilayotgan turli kompaniyalarning ham soni ortib bormoqda. Shu sababli,
iste'molchilarga sifatli va tezkor aloga xizmatlarini yetkazib berish bugungi kunning eng dolzarb
muammolaridan biri bo‘lib qolmoqda. Shubhasiz, sizmiz aloqa tizimlari bugungi kunda
telekommunikatsiya sohasida jadallik bilan rivojlanib borayotgan yo‘nalishdir va ushbu sohani

rivojlantirish maqsadida olimlar tomonidan maxsus labaratoriyalarda turli tajribalar olib borilmoqda
[1-6].

Antenna qurilmalari uchun yaratilayotgan maxsus elementlar bilan hozirga qadar foydalanilib
kelinayotgan an’anaviy materiallar ustida turli tadqiqot ishlari olib borilmoqda. Ushbu maqolada
ham yuqorida aytib o‘tilgan materiallarning qiyosiy tahlilini o‘rganishga va metamateriallarni

antenna qurilmalarida qo‘llashga qaratilgan tadqiqot ishlari natijalari taqdim etilgan.

Asosiy gism

Turli xil xususiyatlarga asoslangan an’anaviy materiallar, kompozit materiallar va
metamateriallarni solishtirganda, har birining o‘ziga xos afzalliklari va cheklovlari borligini
ko‘rishimiz mumkin. Har bir material mexanik, elektr, issiqlik qarshiligi, narxi va qo‘llanilish sohalari
bo‘yicha o‘ziga xos xususiyatlarga ega. Mis, aluminiy yoki plastmassa kabi an’anaviy materiallar
yaxshi mexanik xususiyatlarga va elektr o‘tkazuvchanligiga ega keng tarqalgan materiallardir. Bu
materiallar nisbatan arzon va oddiy ishlab chiqarish jarayoniga ega bo‘lib, qurilish, transport va
elektronika kabi ko‘plab sohalarda qollaniladi. Biroq, ular ba’zan yuqori haroratlarda yoki ba’zi
muthitlarda ishlashga cheklovlarga duch kelishlari mumkin[1-3].

Kompozit materiallarga keladigan bo‘lsak, ular ikki yoki undan ortiq materiallarning
aralashmasidan iborat bo‘lib yuqori mexanik xususiyatlar va issiqlikka bardoshliligi bilan an’anaviy
materiallardan farq qiladi. Ulardan hozirgi kunda avtomobilsozlik sohalarda va sport jihozlari
yasashda foydalanilib kelinmoqda. Chunki ular og‘ir yuklarni ko‘tarishda va yuqori haroratlarda
samarali hisoblanadi. Shu bilan birga, kompozit materiallarni ishlab chiqarish ancha murakkab va
gimmatroq bo‘lib, ba’zi hollarda ular uzoq muddatli jarayonlarda ba’zi jismoniy xususiyatlarini
yo‘qotishi mumkin. Mana shu kamchiliklarni kamaytirish maqsadida olimlar tomonidan maxsus
laboratoriyalarda metamateriallar ishlab chigilmoqda. Ular tabiiy materiallarga nisbatan o‘ziga xos

tuzilishga va xususiyatlarga ega.
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1-jadval. Turli materiallarning xususiyatlari va qo‘llanilishi.
O‘tkazuv- | Mustah-
Material Chidam-lilik | Narx Qo‘llanilishi
chanlik kamlik
A’lo O‘rtacha | Yuqori Yuqori | Yuqori samaradorlikga
Mis ega antennalar,
Radioaloqa
Yaxshi O‘rtacha | Yuqori (agar | O‘rtacha | Strukturaviy
Alyumin anodlangan komponentlar, yengil
bo‘lsa) antennalar
A’lo Poor A’lo Juda Nozik komponentlar,
Oltin yuqori | yuqori chastotali
texnika
Super O‘rtacha | O‘rtacha Past Super  o‘tkazuvchilar
Plastmassalar/ . .
o‘tkazuvchi bo‘lmagan qismlar,
polimerlar ‘
emas izolyatorlar

Ular elektromagnit to‘lginlarni manipulyatsiya qilish yoki boshqa innovatsion texnologiyalarga
asoslangan qobiliyatlarni yaratish uchun ishlatiladi. Metamateriallar holi keng tarqalmagan, chunki
ularni ishlab chiqarish jarayoni murakkab va gimmat, ammo ilmiy-texnikaviy salohiyati juda katta
hisoblanadi. Ular asosan ilmiy tadqiqotlar, optika va elektromagnit to‘lginlar bilan bog‘liq
jarayonlarda qo‘llanilib kelinmoqda [4-7]. Tagqoslash uchun, an’anaviy materiallar arzon va keng
qo‘llaniladigan bo‘lsada, kompozit materiallar yuqori ish faoliyatini ta’minlaydi, ammo ular gimmat
va murakkab ishlab chiqarishni talab qiladi. Boshqa tomondan, metamateriallar innovatsion
xususiyatlarga ega, ammo ular hozirda keng qo‘llanilmaydi va ishlab chiqarish texnologiyalari

boshqalariga nisbatan ancha qimmat.

Har bir turdagi material uning xususiyatlari va qo‘llanilishiga qarab tanlanadi va tanlash
materialning narxini, uning xizmat qilish muddatini, samaradorligini va foydalanish sohasini hisobga
olgan holda amalga oshiriladi. Ushbu xususiyatlarni quyidagi jadvalda ko‘rishinggiz mumbkin (1-

jadval).

Ushbu jadvalda bir nechta an’anaviy materiallar o‘tkazuvchanlik, mustahkamlik, narx va
qo‘llaniladigan sohalari bo‘yicha o“zaro taqqoslangan. Elektr o‘tkazuvchanlik bo‘yicha eng yaxshi
materiallar mis, oltin va alyuminiy hisoblanadi, plastmassalar esa supero‘tkazuvchi bo‘lmagan
materiallar sifatida berilgan. Mustahkamlik bo‘yicha mis va alyuminiy o‘rtacha, oltin esa past

mustahkamlikka ega. Chidamlilik jihatidan oltin eng bardoshli materiallar bo‘lib, mis va alyuminiy
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ham yuqori chidamlilikka ega. Narx bo‘yicha oltin va mis eng qimmat, alyuminiy o‘rtacha,

plastmassalar esa eng arzon materiallar hisoblanadi.

Metamateriallarning boshqa materiallar bilan qiyosiy tahlili 2-jadvalda keltirilgan. Ushbu

ma’lumotlarga tayangan holda shuni aytish mumkinki, mustahkamlik an’anaviy materiallarda 150-

400 MPa (mis, alyuminiy, po‘lat), kompozit materiallarda 1000-3000 MPa, metamateriallarda esa

tuzilishiga qarab o‘zgaradi. Elastiklik an’anaviy materiallarda 70-210 GPa, kompozitlarda 70-200 GPa,

metamateriallarda esa 0,1-10 GPa oralig‘ida bo‘lib, muayyan talablar asosida moslashtiriladi [8-11].

2-jadval. Materiallarning mexanik, elektr va termal xususiyatlari bo‘yicha qiyosiy tahlili

Ananaviy
Xususiyatlar Kompozit materiallar Metamateriallar
materiallar
150-400 MPa | 1000-3000 MPa | Muhandislik
Mustahkamlik | (masalan, mis, | (masalan, uglerod | xususiyatlari;  dizaynga
alyuminiy, po‘lat) tolasi, aramid tolasi) qarab farqlanadi
70-200 GPa (masalan, | 0,1-10 GPa (qattiglikni
70-210 GPa (masalan,
Elastiklik o ] uglerod tolasi, | optimallashtirish uchun
alyuminiy, mis) ) ) o
keramika) ishlab chiqilgan)
Yuqori qarshilik
. ) ) Yuqori salohiyat (hali
Bardoshlilik O‘rtacha qarshilik (aynigsa, tola bilan _ .
tadgiqot ostida)
mustahkamlangan)
Ofrtacha (polimer
Flekt Yuqori (Mis: 58.5 x | asosidagi Maxsus ehtiyojlar uchun
ektr
10° S/m, Alyuminiy: | kompozitsiyalar uchun | moslashtirilgan
o‘tkazuvchanlik _ _ .
37.7 x 10° S/m) 10> dan 107 S/m | o‘tkazuvchanlik
gacha)
4-5 (polimer va tolalar
5-12 (masalan, mis, 10-20 (muhandislik
Dielektrik doimiy tarkibiga qarab
alyuminiy) . _ xususiyatlari)
o‘zgaradi)
Past (polimer
Yuqori (Mis: 380 . Past yoki yuqori
Termal kompozitlar uchun 0,1-
W/m-K, Alyuminiy: O‘tkazuvchanlik  uchun
o‘tkazuvchanlik 0,5 Vt/m-K; uglerod o
200 W/m-K) moslashtirilgan
tolasi uchun yuqorier)
Yutish Past (mis, alyuminiy | O‘rta (singdirish uchun | Yuqori (malum to‘lqin
koeffitsienti kabi aks ettiruvchi | mo‘jallangan bo‘lishi | uzunliklari uchun ishlab
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materiallar) mumkKin) chiqilgan)
_ Yugqori xarajat, murakkab
O‘rtacha xarajat,
Xarajatlar va Past xarajat, ishlab ) ishlab chiqarish (lekin
murakkab ishlab
ishlab chiqarish | chiqarish oson o vaqt o‘tishi bilan
chiqarish
kamayishi mumkin)

Bardoshlilik an’anaviy materiallarda o‘rtacha, kompozitlarda yuqori, metamateriallarda esa hali
to‘liq o‘rganib bo‘linmagan. Elektr o‘tkazuvchanlik an’anaviy materiallarda yuqori (masalan, mis -
58,5 x 10° S/m), kompozit materiallarda o‘rtacha, metamateriallarda esa maxsus ehtiyojlarga
moslashtirildi. Dielektrik doimiy an’anaviy materiallarda 5-12, kompozitlarda 4-5, metamateriallarda
esa 10-20 oralig‘ida bo‘lishi mumkin [12-14].

Amaliy qism

Bugungi kunda mobil tarmogqlar eng keng qo‘llaniladigan ma’lumotlar tarmoglaridan biri
hisoblanadi. Simsiz tarmoglarda antenna qurilmalarining parametrlari, shubhasiz, butun tizimning
sifati va anigligini belgilaydi. Antenna- bu elektromagnit tolginlarni nurlatish yoki qabul qilish
uchun mo‘jallangan qurilmadir. Antennalar radioto‘lqinlarning fazoda tarqalisini ta’minlash vas hu
orqali turli telekommunikatsiay tizimlarining ishlashi davomida simsiz alqa kanallarini tashkil etish

uchun zararlidir. Ular ta’minlovchi liniya bilan atrof-muhit o‘rtasidagi bog‘lanishni ta’minlaydi.

Nurlanuvchi tizim - bu elektromagnit to‘lginlarni qo‘zg‘atuvchi toklar oqadigan fazoning
sohasi. Antenna qaytariluvchanigi tamoyiliga ko‘ra, qabul qiluvchi antennalar uchun ham xuddi shu

nom saqlanib qolishi mumkin.

Simsiz aloqa tarmoglarida radioaloqani tashkil etish uchun radioto‘lginlarning turli chastota
diapazonlari, shuningdek turli xil antenna qurilmalari ishlatiladi. Masalan, dipol, vibrator, bosma va
boshqa turdagi antenna tizimlari. Zamonaviy simsiz tarmoqlarda turli konfiguratsiyalardagi bosma
antennalar, xususan mikrotasmali yamogli antennalar keng qo‘llaniladi, chunki ular yuqori

chastotalarda ishlaydi va o“zining ixchamligi bilan ajralib turadi.

Mobil aloqaning deyarli barcha avlodlari Patch antennalardan foydalanadi va tadqiqotning
asosiy maqsadi ushbu aloga tarmoglarining signallarini tahlil gila oladigan antenna yaratishdan
iborat. Bunday antennalar mexanik mustahkamlikka ega bolib, kerakli shaklni olish qobiliyatiga ega,
nurlanish diagrammasining kichik ko‘ndalang qutblanish bog‘ligligiga ega va ularni ishlab chiqarish

iqtisodiy jihatdan maqsadga muvofiqdir.

Mikrotasmali antenna bosma antenna turlaridan biri bo‘lib, u bosma sxemalar uchun
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qo‘llaniladigan usullarga oxshash usullar bilan tayyorlanadi. Bosma antennalarga misol qilib bosma
dipol, konus tirqishli antennalar va 1-rasmda ko‘rsatilgan bow-tie antenna to‘rini keltirish mumkin.
Mikrotasmali antenna (MSA) yupqa taglik ustiga bosilgan metal patchdan iborat bo‘lib, taglikning

pastki qismida yer tekisligi mavjud, bu 1-rasmda tasvirlangan[1].

1-rasm. Qirra orqali ta’minlanadigan mikrotasmali yamoqli antennani tahlil qilish uchun

geometriya

Mikrotasmali antenna yerga ulangan taglik ustida joylashgan yassi metal o‘tkazgichdan iborat.
Bu holda, yamoqli antenna (1-rasm), odatda, bosma plata ko‘rinishida tayyorlanadi va L uzunlikka,
W kenglikka ega bo‘lib, dielektrik taglikning yuqori qismida joylashadi. Taglikning nisbiy dielektrik

singdiruvchanligi r ga teng

Mikrotasmali uzatish liniyasi va yer qoplama yuqori o‘tkazuvchanlikka ega bo‘lgan metalldan
(odatda misdan) yasaladi.taglikning h qalinligi ishchi to‘lgin uzunligi A dan ancha kichik bo‘ladi.
Mikrotasmali uzatish liniyasi va yer elektr tokini yaxshi o‘tkazadigan metal (odatda mis). Taglik h

qalinlik ishchi to‘lqin uzunligi A dan ancha kichik.

Ve (1)

Mikrotasmali antenna va yerning metal qalinligi muhim ahamiyatga ega emas. Muayyan vaqt
nugqtasida patch antenna va yer orasidagi elektr tarkibiy qismining tagsimlanishi E(t) dagi o‘zgarish
antenna atrofidagi fazoda elektromagnit maydonning chiqarilishiga (yoki qabul qilinishiga) sabab
bo‘ladi. Bunday antennaning markaziy ishlash chastotasi fO ni quyidagi taqribiy tenglama yordamida

aniqlash mumbkin[2].

C

fO =
2L, @)
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L qgiymatini va substrat r dielektrik singdiruvchanligini o‘zgartirib, ish chastotasi va nurlanish
sharoitlarini o‘zgartirish mumkin bo‘ladi. (2) tenglamadan kelib chiqadiki, mikrotasmali antenna
uzunligi L taxminan dielektrik taglik mubhitida tarqalayotgan elektromagnit to‘lqin uzunligining

yarmiga teng bo‘lishi kerak(3).

L=2
2

3)

Mikrotasmali antennaning kengligi Wtenglama (4) dan aniqlanadi va kirish qarshiligi hamda

A
C2f e +1 @

Kvadrat antenna uchun kirish impedansi 300 ohm atrofida bo‘lishi mumkin. Kenglikni oshirish

o‘tkazish qobiliyatiga ta’sir ko‘rsatadi.

orqali kirishimpedansini kamaytirish va o‘tkazish polosasini kengaytirish mumkin. Biroq, kirish
impedansini 50 ohmgacha kamaytirish uchunko‘pincha yetarlicha katta antenna kengligi talab etiladi.
Ma’lumki, mikrotasmali antennalarning asosiy kamchiligiularning tor o‘tkazish polosasi hisoblanadi.
Klassik mikrotasmaliantennalarning maksimal o‘tkazish polosasi markaziy ishchastotasining

taxminan 8% ni tashkil etadi. Buni yaxshilash uchun bir qator usullar qo‘llaniladi.

Metastruktura asosidagi patch antennaning turli variantlari 2-4-rasmlarda keltirilgan. Bunda
metastruktura patch antennasining orqa tomoniga joylashtirilgan bo‘lib, har bir metastruktura
uchburchaksimon ochiq konturlardan iborat. Uchta metastrukturadan iborat antenna 2-rasmda
tasvirlangan. Antennaning old ko‘rinishi 2(a)-rasmda ifodalangan bo‘lib patch antenna
parametrlarini hisoblashning ananaviy usulidan foydalanilgan. Antennaning orqa tomonidan
ko‘rinishi 2(b)-rasmda keltirilgan bo‘lib unda uchburchak shakldagi metastrukturalar joylashgan.

Oltita metastrukturadan iborat bo‘lgan patch antenna 3-rasm va 3-jadvalda keltirilgan.
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3-jadval. Oltita metastrukturadan iborat bo‘lgan patch antenna.

Parametrlar Qiymatlar

L1 13.8
L2 10.4

Wpa 8.1

Lpa 6.3

Er 9.8

L'l 3

L2 1

L:

Wpa

Y AN

2-rasm. Uchta metastrukturadan iborat bo‘lgan patch antennaning (a) old va (b) orqa tomonidan

(a)

ko‘rinishi (1- antenna).

Quyidagi jadvalda 1-antennaning oflchamlari keltirilan bo‘lib, ushbu standart barcha
antennalar uchun bir xil hisoblanadi. Jadvalda L1 va L2 lar dielektrikning o‘lchamlari hisoblanadi.

Wpa ava Lpa esa patch antennaning o‘lchamlari va mos ravishda L'l va L2 antennaning orqa
tomonida joylashgan metastrukturalarning o‘lchamlari hisoblanadi.
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L.

3-rasm. Oltita metastrukturadan iborat bo‘lgan patch antennaning (a) old va (b) orqa

tomonidan ko‘rinishi (2- antenna).

Metastrukturalar sonining antenna ishlash samaradorligiga ta’sirini o‘rganish maqsadida ular
3 qator qilib 6 tadan joylashtirilgan va ushbu metastrukturalar o‘rtasida aloqani tashkil etish uchun
chetki qismi o‘ralgan (4(b)-rasm). Ushbu dizaynlar elektromagnit to‘lqinlarning yo‘nalishini
boshqarish va signal samaradorligini oshirish uchun metastruktura texnologiyasidan foydalanilgan

antennalarni ifodalaydi.

L1

F 3
L 2

ORI
AN\ I

ROANVAENZ2N

(a) (b)

4-rasm. O‘n sakkizta metastrukturadan iborat bo‘lgan antennaning (a) old va (b) orqa tomonidan

(antenna 3)

(a)

(b)

5-rasm. Oddiy patch antennaning (a) old va (b) orqa tomonidan ko‘rinishi (antenna 4)
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Antenna qurilmasi loyihalashtirilganidan so‘ng uning ishlash samaradorligini baholash uchun
CST Studio Suite muhitida antennaning immitatsion modeli ishlab chiqilgan(5-7-rasmlar).

lj i,‘p\t;;‘b\!&\* gr |
o

T T Tl

s #*

(a) (b)

6-rasm. Uchta metastrukturadan iborat bo‘lgan antenna immitatsion modelining (a)old va (b)

orgadan ko‘rinishi.

RN

(a) (b)

7-rasm. Oltita metastrukturadan iborat bo‘lgan antenna immitatsion modelining (a)old va (b) orqa
ko‘rinishi.

I— B I
r F Bonevss
N NAN

(a) (b)

\
—

1
]

8-rasm. O‘n sakkizta metastrukturadan iborat bo‘lgan antenna immitatsion modelining (a)old va

(b) orga korinishi.
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Immitatsion modellashtirish jarayonida patch antenna va metastrukturalar o‘lchamlari
yuqoridagi jadvalga mos ravishda olingan. Modelni simulyatsiya qilish davomida antennaning
samaradorligini tahlil gilish va o‘rganish asosiy maqsad sifatida olingan. Bunda antennaning S11

parametri, yo‘nalish diagrammasi va to‘lqinning turg‘un turish koeffitsienti bo‘yicha natijalar olingan.

Olingan natijalar

Simulyatsiya davomida S parametr bo‘yicha olingan natijalar 8-rasmda ko‘rsatilgan bo‘lib, bu
yerda 1-3-antennalar metastrukturali va 4-antenna 8 GHz chastotada ishlashga mo‘ljallangan oddiy
patch antenna. S11 parametr bu antennaning signalni akslantirish koeffitsienti bo‘lib ushbu
parameter qanchalik past bo‘lsa, antennaning ishlash samaradorligi shuncha yuqori bo‘lishini
anglatadi. Olingan natijalar asosida shuni ta’kidlash mumkinki, metastrukturalar asosida

antennaning samarali ishlash chastota diapazonini kengaytirish imkoni mavjud bo‘ladi (9-rasm).

9-rasm. Antennalarning S parameter natijalari

Grafikda to‘rtta antennaning S11 refleksiya koeffitsienti chastotaga bog‘liq holda dB birliklarida
tasvirlangan. Antenna 3 (ko‘'k) 13.1 GHzda S11=-28.3 dB bo‘lib, yaxshi moslanish ko‘rsatadi. Antenna
2 (yashil) esa 14.5 GHzda S11=-17.7 dB ga ega bo'lib, ushbu chastotada samarali ishlaydi. Antenna 1
(qizil) va antenna 4 (sariq) esa butun chastota diapazonida yuqori refleksiya ko‘rsatib, yaxshi
moslanmagani ko‘rinib turibdi. Xulosa qilib aytganda, Antenna 2 va Antenna 3 ma’lum chastotalarda

yaxshi ishlaydi, Antenna 1 va antenna 4 esa optimallashtirish yoki qayta loyihalashni talab giladi.

10-rasm. Antennalar uchun Voltage standing Wave Ratio (VSWR) natijalari.
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Ushbu grafikda esa antennalarning VSWR qiymatlari chastotaga bogliq holda ko‘rsatilgan.
Antenna 1 (qizil) butun diapazonda yuqori VSWR giymatiga ega bo‘lib, yaxshi moslashmaganligini
bildiradi. Antenna 2 (yashil) 10-15 GHz oraligiida yaxshiroq natija ko‘rsatadi, lekin ba’zi
chastotalarda VSWR qiymati yuqori. Antenna 3 (kok) 13.1 GHzda eng yaxshi moslashuvni
ko‘rsatadi, ammo yuqori chastotalarda sezilarli o“zgarishlar kuzatiladi. Antenna 4 (to‘q sariq) past

chastotalarda eng barqgaror bo‘lib, 5-10 GHz oralig‘ida yaxshi natija ko‘rsatadi.
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—— farfield (f=13.1) [1]

Frequency = 13.1 GHz

Main lobe magnitude =  6.41 dBi
Main lobe direction = 165.0 deg.
Angular width (3 dB) = 76.2 deg.
Side lobe level = -0.9 dB

farfield (f=9.33) [1]

Frequency = 9.33 GHz

Main lobe magnitude =  1.95 dBi
Main lobe direction = 175.0 deg.
Angular width (3 dB) = 85.8 deg.
Side lobe level = -0.8 dB

11-rasm. Antennalarning 9.17GHz da yo‘nalish diagrammasi parametrlari

Yuqoridagi to‘rtta grafikning tahliliga ko‘ra, 10.6 GHz chastotada asosiy lob 2 darajaga
yo‘naltirilgan bo‘lib, 172 dBi balandlikka va 87 daraja burchak kengligiga ega. 15.4 GHz chastotada
asosiy lob 37 darajaga yo‘naltirilgan va 7.62 dBi balandlikda bo‘lib, kengligi 206.3 darajani tashkil
etadi. 13.1 GHz chastotada asosiy lob 160 darajaga yo‘naltirilgan, 7.68 dBi balandlikda va 86.7 daraja
kenglikka ega, yon lob darajasi esa -1.4 dB. 9.33 GHz chastotada asosiy lob 175 darajaga yo‘naltirilgan
bo‘lib, uning balandligi 1.95 dBi va burchak kengligi 85.8 daraja, yon darajasi esa -0.8 dB ni tashkil

qiladi.

Volume 2, Issue 2
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Xulosa

Barcha turdagi materiallar oz afzallik va kamchiliklarga ega hisoblanadi. An’anaviy
materiallarda asosiy kamchiliklar bardoshlilik bo‘lsa, kompozit va meta materiallarda bu jihat yuqori
ko‘rsatkichlarni belgilab turadi. Ishlab chiqarish va narxiga keladigan bo‘lsak an’anaviy materiallar

kompozit va metamateriallarga qaraganda ancha arzon hisoblanadi.

Ushbu tadqiqotda antenna qurilmalarida ishlatiladigan materiallarning qiyosiy tahlili olib
borildi. Tadqiqot natijalari har bir materialning oziga xos afzallik va kamchiliklariga ega ekanligini
ko‘rsatdi. An’anaviy materiallar, jumladan mis, alyuminiy va oltin yuqori elektr va issiglik
o‘tkazuvchanligi bilan ajralib turadi, biroq narxining qimmatligi va bardoshliligining cheklanganligi
ularning qollanilish imkoniyatlarini cheklaydi. Kompozit materiallar yengilligi va yuqori
mustahkamligi bilan ajralib turib, yuqori haroratli muhitlarda samarali ishlaydi, ammo ularning
ishlab chiqgarish jarayoni murakkab va gqimmat hisoblanadi. Metamateriallar esa elektromagnit
boshqaruv va signal uzatishda innovatsion imkoniyatlarga ega bo‘lib, yuqori ilmiy-texnik salohiyatga

ega, lekin hozircha ularning ishlab chiqarish xarajatlari yuqori va ommaviy qo‘llanilishi cheklangan.

Tadqiqot davomida patch antennalar va turli metamateriallar asosida ularning ishlash
samaradorligi tahlil qilindi. Grafik natijalarga ko‘ra, signal uzatish samaradorligi bo‘yicha eng yaxshi
natijalarni aniq moslangan antenna dizaynlari ko‘rsatdi. Metamateriallardan foydalanish signal
uzatish sifatini oshirishda istigbolli yo‘nalish hisoblanadi, ammo hozirgi kunda an’anaviy va
kompozit materiallar ko‘proq amaliy qo‘llanilmoqda. Tadqiqot shuni ko‘rsatadiki, antenna
texnologiyalarining rivojlanishida metamateriallarni qollash ularning ishlash samaradorligini

oshirish imkonini beradi.
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nnotatsiya: Ushbu maqolada kozi ojiz insonlarga oz
Axonadonlarida kundalik maishiy buyumlarni tanib
olishda yordam beruvchi qurilmada qollash magsad
qilingan neyron tarmoq modelini ishlab chiqish jarayonida
olib borilgan tadqiqot natijalari keltirilgan. Maqolada
lokal xususiyatlarga ega bolgan buyumlarni aniqlashga
ixtisoslashgan neyron tarmoq modelini ishlab chiqish jarayoni
bayon etilgan. Bunga erishish uchun oldindan ofgitilgan
modellar qayta oqitilib, maxsus vazifaga moslashtirilgan
model hosil gilingan. Tanlab olingan bir nechta oldindan
oqitilgan obyektni tanib olish modellarini gayta oqitish
amalga oshirilib, ular odatda obyektni aniqlash vazifalarida
qollaniladigan baholash mezonlari asosida baxolangan
va koTsatkichlari oZzaro solishtirilgan. Ushbu solishtirish
natijalari asosida tegishli xulosalar chiqarilgan.
Kalit so‘zlar: obyektlarni tanib olish, Yolov5n, Yolov5s,
SSD-MobileNet, Faster R-CNN, F1-score.
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Kirish
Ma’lumki, bugungi kunda insoniyat hayotida sun’iy intelekt imkoniyatlari keng
gollanilmoqda. Sun’iy intelekt imkoniyatlari nafaqat soglom insonlar turmush tarzida, balki
jismoniy imkoniyati cheklangan insonlarning turmush tarzida ham ularga qo‘shimcha qulayliklar va
mustaqillik yaratish uchun faol qo‘llanilmoqda. Hususan, kozi ojiz insonlarni kundalik hayotida
ularning mustaqil turmush tarziga ega bo‘lishlarida sun’iy intelekt imkoniyatlaridan foydalanish

qo‘shimcha imkoniyatlar yaratadi.

Statistik ma’lumotlarga ko‘ra respublikamizda ko‘rish tizimida nugsoni mavjud insonlarning
soni 70 mingga yaqgin. Ularning kundalik turmush tarzida ma’lum bir faoliyat bilan mustaqil
shug‘ullana olishlarini ta’'minlash, ularning ijtimoiylashuv darajasini yanada ortishiga, ularning
jamiyatning umumiy qatlamiga integratsiyalanish darajasini ortishiga xizmat giladi. Shuningdek
kozi ojiz insonlarning kundalik turmush tarzini odatda o“zi istiqgomat giladigan xonadonlarida
o‘tkazishini e’tiborga olgan xolda ta’kidlash mumkinki, ularning ushbu xududlarda o‘zlarini erkin va
qulay, boshqa bir insonga bogliq bolmagan xolda xis gilish imkoniyatlarini yaratish, ularning
turmush tarzini yengillashtiradi. Yuqorida takidlangani kabi bu maqgsadda ko‘plab ilmiy tadqiqot
ishlari olib borilgan va borilmoqda. Bunday tadqiqotlar natijalari qollanilgan qurilma va gadjetlar
ishlab chigilmoqda va amaliyotda qo‘llanilmoqda. E’tibor berilishi lozim bo‘lgan jihati shundaki,
bunday qurilmalarning deyarli barchasi texnologik rivojlangan xorijiy davlatlar kompaniyalari
tomonidan ishlab chiqariladi. Bugungi kunda ko‘rish tizimida nugsoni mavjud insonlarning kundalik
hayotini yengillashtiradigan qurilmalar, jumladan sun’iy intellektga asoslangan texnologiyalar
asosida ishlovchi gadjetlar AQSh ning Microsoft va Google kompaniyalari tominidan (ko‘zi ojizlar
uchun OrCam, Aira, Seeing Al loyihalari), Isroilning OrCam Technologies kompaniyasi tomonidan
(dunyodagi eng mashhur kozi ojizlarga mo‘ljallangan vizual yordamchi qurilmalardan birini -
OrCam MyEye qurilmasini) va Yaponiyaning Panasonic, Sony, Fujitsu kabi kompaniyalari
tomonidan va boshqa texnologik rivojlanish darajasi yuqori bo‘lgan davlatlardagi kompaniyalar

tominidan ishab chigarilmoqda.

Bu tendensiyaning salbiy jihati shundaki, bunday xorijiy kompaniyalar tomonidan ishlab
chiqilgan sun’iy intelektga asoslangan yordamchi qurilmalar odatda ishlab chiqariluvchi hududdagi
talablardan, sharoitga bogliq ravishda ishlab chiqiladi. Xususan, bunday ko‘zi ojiz insonlarga
kundalik turmush tarzida yordamchi bo‘luvchi qurilmalarda qo‘llaniluvchi obyektlarni tanib olish
vazifasini bajaruvchi neyron tarmoq modellari yaratilishi jarayonida katta ma’lumotlar to‘plami
asosida ofqitiladi. Aynan wushbu ma’lumotlar to‘plamini shakllantirish asosan mahalliq
foydalanishdagi obyektlar va ular haqidagi ma’lumotlarti jamlash orqali amalga oshirilishi mumkin.
Bunday ma’lumotlar to‘plami asosida o‘qitilgan neyron tarmoq modellari aynan shunday obyektlarga
nisbatan yuqori tanib olish natijasini namoyon qiladi. Lekin boshqa hududlarga qo‘llanilganda,

xususan mamlakatimiz hududida istiqgomat giluvchi foydalanuvchilar tomonidan foydalanilganda
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obyektlarni tanib olish darajsi kamayish ehtimoli katta. Demak bunday obyektlarni tanib olish neyron
tarmoq modellari asosida ishlaovchi ko‘zi ojiz insonlarga ko‘makchi qurilmalarning ham qo‘llanilish
samaradorligi kamayadi. Shuning uchun ham aynan respublikamiz xududida istiqomat qiluvchi ko‘zi
ojiz insonlarga kundalik turmush tarzida yordamchi bo‘luvchi sun’iy intelektga asoslangan qurilmani
ishlab chiqishda mabhalliylik xususiyatiga ega obyekt va buyumlarni tanib olishga ixtisoslashgan

neyron tarmoq modelini ishlab chiqish dolzarb masaladir.

Adabiyotlar tahlili

Yuqorida takidlangani kabi, bugungi kunda jismoniy imkoniyati cheklangan shaxslar uchun
sun’iy intelektga asoslangan qurilmalar ishlab chiqish maqgsadida ko‘plab ilmiy tadgiqot ishlari olib
borilgan va olib borilmoqda. Quyidagi (1) ilmiy tadgiqot ishida imkoniyati cheklangan shaxslarning
istigomat qiluvchi xonadonida qo‘llaniluvchi aqilli xonadon tizimini yanada foydalanuvchi uchun
moslashtirish va qulaylashtirish magsadida mashinali o‘qitish tizimidan foydalanish imkoniyatlari
ko‘rib chiqilgan. Foydalangan adabiyotlar qo‘yxatidagi navbatdagi (2) ishda esa “Aqlli xonadon”
tizimida imkoniyati cheklangan istigomatchilar uchun qo‘shimcha qulayliklar tashkil qilish uchun
neyron tarmoglarning “RNN- rekurrent neyron tarmogqlar” arxitekturasidan foydalanish
imkoniyatlari ko‘rib chiqilgan. Shuningdek (3) da ko‘zi ojiz insonlar erkin harakatlanish qobiliyatini
oshirish maqsadida qo‘llaniluvchi qurilma loyihasi taklif gilingan. Mazkur taklif qilingan qurilmada
ko‘zi ojiz odamlar uchun harakatlanish jarayonida to‘siqlar mavjudligini sensorlar yordamida
(masalan ultratovushli sensor) aniglanib, agar foydalanivchidan to‘siqgacha masofa belgilangan
qiymatgacha kamaysa kamera ushbu to‘siq sifatida ko‘rilayotgan obektni tasvirga oladi va uni Yolo
v5 algoritmi bo‘yicha sinfini aniglaydi. Aniqnalish natijasiga asoslanib foydalanuvchiga bu obyektni
aylanib o‘tish bo‘yicha tovushli ko‘rsatma beradi. Ro‘yxatda keltirilgan navbatdagi (4) tadqiqot ishida
ko‘rish tizimida nuqsoni mavjud odamlar uchun mustaqil xarakatlanishi qobiliyatini oshirish
magsadida qo‘llash mumkin bo‘lgan chuqur neyron tarmogqlar asosidagi obyektlarni yuqori aniqlikda
aniqlash metodlari va modullari ko‘rib chigilgan. Navbatdagi (5) tadqiqot ishida esa ko‘zi ojiz
odamlar uchun CNN arxitekturali neyron tarmoq asosida ishlovchi qurilma loyixasi taklif gilingan
bo‘lib, bu qurilma foydalanuvchiga ko‘chada mustaqil xarakatlanish imkonini beradi. Yuqorida ko‘rib
chiqilgan ilmiy tadqiqot ishlarining ko‘zi ojiz insonlarni turmush tarzini yengillashtirishda turli
texnologiyalar imkoniyatlaridan foydalanish ko‘rib chigilgan. Ammo yuqorida takidlangani kabu bu
tadgiqotlar tadqiqotchilarning istiqomat qilish hududi xususiyatlaridan kelib chiqib olib borilgan va

mos natijalar olingan.

Tadqiqot metodologiyasi

Yugqorida takidlab o‘tilgani kabi ko‘zi ojiz insonlarning kundalik turmush tarzida yordamchi

boluvchi qurilmalarni samaradorligini oshirish magsadida ko‘plab ilmiy tadqiqot ishlari olib
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borilgan va borilmoqda. Shunday bo‘lsada mamlakatimizda istiqomat qiluvchi ko‘zi ojiz insonlar
uchun shu kabi qurilmalarni ishlab chigishda hududimizga xos kundalik turmush tarzida
foydalaniladigan buyumlarni tanib olishga ixtisoslashgan obyektlarni tanib oluvchi neyron tarmoq
modelini ishlab chiqish lozim. Albatta buning uchun mahalliylik xususiyatiga ega bo‘lgan buyum va
obyektlarning tasvirlari va ular haqidagi ma’lumotlardan tashkil topgan ma’lumotlar to‘plamini
yaratish lozim. Shuningdek ushbu ma’lumotlar asosida o‘qitilgan neyron tarmoq modelini yaratish
lozim. Bu kabi magsadlarda qo‘llanish uchun mo‘ljallangan oldindan o‘gitilgan modellar mavjud va
ular umumiy holda obyektlarni tanib olish uchun ishlaydi. Bunday modellardan to‘g‘ridan-to‘g’ri
foydalanish bizning mabhalliy turmush tarzimizda kop foydalaniluvchi buyumlarni tanib olish
darajasini past bo‘lishiga sabab bo‘ladi. Shuning uchun bunday oldindan o‘qitilgan obyektlarni tanib
olish modellarini biz tomonimizdan yaratilgan, mahalliylik xususiyatiga ega buyumlarning tasvirlari

va ular haqidagi ma’lumotlardan tashkil topgan ma’lumotlar to‘plami asosida qayta o‘qitish lozim.

Shuningdek biz tomonimizdan yaratilgan ma’lumotlar to‘plami asosida qayta oqitish natijasida
olingan model qo‘llanilish maqsadi va qurilmasiga bog'liq ravishda quyidagi talablarga javob berishi

lozim:

Modelning kerakli obyektlarni tanib olish diapazoni katta bo‘lishi lozim. Bu mazkur model

asosida ishlovchi qurilmani keng spektrdagi buyum va obektlarni tanib olish imkonini beradi.

Neyron tarmoq modeli hisoblash resursi cheklangan qurilmalarda ham samarali ishlay olishi
lozim. Modelini hisoblash resursi kichik bo‘lgan qurilmalarda ham ishlay olishi lozim. Natijada ishlab
chiqilishi maqsad qilingan qurilmaning texnik resurslariga talab kamayadi. Hisoblash resursining
kichik bolishi qurilmaning geomtrik o‘lchamlarini va elektr energiya sarfini kamayishiga sabab
bo‘ladi. Bu 0z navbatida qurilmaning bir zaryadlanish bilan ishlash muddatini ortiradi va ishlab

chiqilishi lozim bo‘lgan qurilma narxini pasayishiga xizmat qiladi.

Shuningdek yaratilishi lozim bo‘lgan model obektlarni tanib olish aniqligi va ishonchliligi
yuqori bo‘lishi lozim. Ya'ni qurilma model yordamida kerakli obektni tanib olashga kirishar ekan
xatolik minimal darajada bo‘lishilozim. Sababi modelning qo‘llanilishida yuz berishi mumkin bo‘lgan
xatolik ishlab chiqilishi maqgsad qilingan qurilmadan ko‘zi ojiz insonlar foydalanganda salbiy
ogibatlarni keltirib chiqarishi mumkin. Modelning obyekt va buyumlarni tanib olish aniqligi va
ishonchliligini baxolash uchun turli baxolash metrikasidan foydalaniladi. Ya’ni bu metrika
modelning ja’'mi mavjud obektlardan gancha gismini to‘g’ri aniqlay olish qobiliyatini anglatadi. Bu
metrikaning optimal qgiymati modelning qo‘llanilish soxasiga bogliq bo‘ladi. Masalan ushbu tadigiqot
ishida qo‘llanilishi magsad qilingan model uchun aniqlik yuqori bo‘lish lozim. Ya’ni, model biror
obyektni gidirishda xato qilib boshqa obyektni qidirilayotgan obyekt deb qabul qilishi (ya'ni FP -
noto‘g‘ri ijobiy natijaning ortib ketishi natijasida) foydalanivchi uchun xavfli bo‘lishi mumkin. Undan
ko‘ra model bu obektni tanimagani maqul. Ya’ni, model qgidirilayotgan obyekt sifatida qabul gilgan
holatlarning katta qismi to‘g‘ri ijobiy qaror (TP- to‘g‘ri ijobiy qaror) bo‘lishi lozim. Modelning bu
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xususiyati quyidagi metrika orqali baxolanadi:

TP

Precision = ——————
recision TP + FP

Ya’ni, FP - noto‘g’ri ijobiy qaror qabul gilishlar soni qanchalik 0 ga yaqin bo‘lsa Precision
metrikasining qiymati shuncha 1 ga yaqin bo‘ladi va bu obyekt deb qabul qilingan qarorlarning
qancha gismi to‘g‘ri bo‘lganligini anglatadi. Albatta “Precision” metrikasining qiymati yuqori bo‘lishi
yaxshi va bu xato qaror gilinishlar ulushini kamaytiradi. Ammo bu ko‘plab obyektlarni tanimasdan
o‘tkazib yuborilish ehtimolligini ortiradi. Shu sababli modelning jami obyektlardan gancha qismini

to‘g’ri taniy olganligini baxolash uchun navbatdagi metrika qo‘llaniladi.

Modelni samaradorligini baxolashda qo‘llaniladigan navbatdagi metrika bu “Recall”
metrikasidir. Bu metrika modelning inferensi vaqtida, ya'ni, amaliyotda qo‘llanilishi vaqtida jami
nechta mavjud obyeklardan nechtasini to‘g‘qi taniy olishini ko‘rsatadi. Shunisi borki modelning
Precision metrikasi qiymatini qanchalik oshirishga harakat qilsak bor obyektlarni ham xato tanib
olishni amalga oshirib qo‘ymaslik uchun jami tanib olishlar soni kamayib ketadi, yani aniqlanmay
qolishlar (FN - noto‘g‘ri salbiy qaror) sonini ortishiga sabab bo‘ladi. Demak “Recall” metrikasi

qiymati kamayishiga sabab bo‘ladi.

TP

Recall = TP+—F1V

Modelning yuqoridagi ikki baxolash metrikasi boyicha balanslangan xususiyatini ifodalash
uchun F1-Score baxolash metrikasidan foydalaniladi. Bu metrika qiymatining ideal holatdagi qiymati
1 ga teng.

Precision * Recall

F1-— =2
score Precision + Recall

Ushbu tadgiqot ishida qo‘llanilini maqgsad gilingan model uchun F1-score ning qiymati 1 ga
yaqin bo‘lishi lozim. Shunda ushbu model asosida ishlovchi qurilma ham obyektni tanimay o‘tkazib

yuborish holatlari, ham obyektni xato tanish holatlari soni kamayadi.

Bundan tashqari obyektlarni tanib olishda qo‘llaniladigan modellarni ishonchliligini
baxolashda turli harakteristikalardan ham foydalaniladi. Masalan FI1-Confidence Curve
xarakteristikasi. Bu xarakteristika grafigi F1-Score ning qiymatini tanib olish ishonchliligining
giymatiga qanday bog'liqligini ko‘rsatadi. Ya'ni, obyektlarni yuqori ishonchlilik bilan tanib olish
holatlarida F1-score ning gqiymati qanday bo‘lishini ko‘rsatadi.

Shuningdek, bunday modellarni baxolashda RC-Curve (PR - egri chizig'i) xarakteristikasi ham

qo‘llaniladi. Bu xarakteristika grafigi Precision ning qiymatini Recall ning qiymatiga qanday

bogligligini ko‘rsatadi. Odatda Recall ning qiymatini ortishida (1 ga yaqinlashishida) Precisionning
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qiymati kamayib ketadi [2].

a) b)
1-rasm. F1-Confidence Curve (a) and PR-Curve (b) xarakteristikalari.

Bu har ikki xarakteristikada ham egri chiziq ostidagi maydon (AUC - Area under the curve)
yuzasining qanchalik katta bo‘lishi modelning samaradorligini, ya’'ni, ko‘p sondagi obyetlarni tanib

olish jarayonida xato qaror qabul gilish darajasini past bo‘lishini anglatadi.

Mavjud dastlabki o‘gitilgan modelni gayta o‘qitish natijasida olinadigan model uy jihozlarini
tanib olishga ixtisoslashgan, hisoblash resursi cheklangan qurilmalarda ishlash tezkorligi yuqori va
tanib olish ishonchliligi yuqori bo‘lishi lozim. Demak, ushbu tadgiqot ishida yuqorida sanab o‘tilgan
metrikalar bo‘yicha ijobiy ko‘rsatkichlarga ega obyektlarni tanib olsih modelini yaratish uchun avvalo
mabhalliylik xususiyatiga ega bo‘lgan ma’lumotlar to‘plami vyaratiladi, so‘'ngra qo‘llaniluvchi
qurilmaning hisoblash resurslarini yuqori bo'lishi talab gilinmaydigan obyektlarni tanib olishda
qollaniladigan dastlabki o‘gitilgan model tanlab olinadi va bu modelni yaratilgan ma’lumotlar
to‘plami asosida qayta ogitiladi. So‘ngra qayta ogitilgan modelni yuqorida ko‘rib chiqgan baxolash

metrikalar asosida baxolanadi va olingan tadqiqot natijalari asosida mos xulosalar chiqariladi.

Tahlil va natijalar muhokamasi. Demak, avvalo ushbu tadqiqot ishida qo‘llanilish qurilmasi va
magqsadiga mos obyektlarni tanib olish modelini tanlab olaylik. Buning uchun bugungi ushbu
magqgsadda qo‘llash uchun yaratilgan modellarni solishtirma tahlilini amallga oshirish va qo‘yilgan

magqgsadga mos eng magbul oldindan o‘qitilgan modelni tanlab olamiz.

Quyida bugungi kunda ob’uektlarni tanib olish uchun real vaqt rejimida ishlashga

mo ‘ljallangan mavjud oldindan o‘qitilgan modellar va ularning xususiyatlari keltirilgan [3-5]:

YOLOv5s yoki YOLOvV5n versiyalari. YOLO modelining bu versiyalari uning boshqa
versiyalariga nisbatan aniqligi va cheklangan resursli qurilmalarda real vaqt rejimida tezkor ishlay

olishi kabi xususiyatlari bilan ajralib turadi.

SSD-MobileNet bu SSD (Single Shot Detektor) obyektlarni tanib olish algoritmining MobileNet
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neyron tarmog'i bilan konvergensiyasi natijasida hosil bo‘lgan dastlabki o‘qitilgan modeldir. Hususan
SSD-MobileNet asosiy muammo bo‘lgan kichik hisoblash resursiga ega bo‘lgan mobil qurilmalarda

ishlash uchun optimal yechimlardan biridir.

Efficient Det-Lite - EfficientDet mogennapnu oilasining vakili bo‘lib Efficient Det-Lite modeli

mobil va cheklangan hisoblash resursiga ega qurilmalarda samarali ishlaydi.

Faster R-CNN - bu model R-CNN (Region-based Convolutional Neural Network) modelining
evolyutsiyasi bo‘lib, bu modelda ishlov berish tezligi juda yuqori. Ammo tasvirlarga bunday yuqori
tezlikda ishlov berish kuchli hisoblash resurslarini talab giladi.

Yuqorida ko‘rib o‘tilgan obyektlarni tanib olishda qo‘llaniluvchi modellarni ishlash
samaradorligini belgilovchi va qo‘llanish qurilmasidagi hisoblash resurlariga bo‘lgan talablarga

asoslanib solishtirganda quyidagi tahlil natijalari hosil bo‘ladi (1-jadval).
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1-jadval. Obyektlarni tanib olish modellari xususiyatlari

Hisoblash resursi
Tasvirlarga
cheklangan Ishlash
Model ishlov berish Qo‘llanilishi
qurilmalarda ishlash aniqligi o
tezligi
imkoniyati
Real vaqt rejimida
YOLOV5n ) ) ) kichik hisoblash
Yugqori darajada Sxmm Juda yuqori '
(Nano) resursiga ega
qurilmalarda
Real vaqt rejimida
YOLOV5s Juda kam kichik
Yugqori darajada Juda yuqori _ .
(Small) Axumm hisoblash resursiga
ega qurilmalarda
5D Yugori darajad v Jud i Mobil qurilmalard
uqori darajada Taya uda yuqori obil qurilmalarda
MobileNet 1 ) P i d
O‘rtacha hisoblash
EfficientDet-
L O‘rta darajada Axum Ofrtacha resursiga ega
it
e qurilmalarda
Yuqori  hisoblash
Faster R-CNN | Samaradorlik past IOKopn Past resursiga ega
qurilmalarda

Demak, yuqoridagi tahlillar natijasiga ko‘ra ta’kidlash mumkinki, obyektlani tanib olish uchun
real vaqt rejimida ishlashga mo‘ljallangan modellar ichida Yolov5s va Yolov5n modellari nafaqat Yolo
modellar oilasi ichida, balki boshqa shu maqsadda qo‘llaniluivchi modellarga nisbatan real vaqt
rejimida hisoblash resurslari cheklangan qurilmalarda qo‘llash uchun eng optimal variantlar
hisoblanadi. Chunki cheklangan resursli qurilmalarda ishlash darajasi, ishlash tezligi, aniqligi kabi

kriteriyalar bo‘yicha bu modellarni eng optimal yechim ekanliklarini ko‘rish mumkin.

Yuqorida amalga oshirilgan solishtirma tahlil natijasida tanlab olingan Yolov5s va Yolov5n
dastlabki o‘qitilgan modellarini mahalliylik xususiyatiga ega buyumlar va ular haqidagi ma’lumotlar

asosida yaratib olingan ma’lumotlar to‘plami asosida qayta o‘qitiladi.

Buning uchun 20 xil uy-roz’g’or buyumlarini oz ichiga olgan 2000 ta rasmda iborat
ma’lumotlar to‘plami yaratdib olingan. Demak, bu ma’lumotlar to‘plamida 20 ta sinf hosil bo‘ladi.

Kerakli ma’lumotlar to‘plamini hosil qilishda obyektlar tasvirlangan rasmlarning o‘lchami Yolo
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uchun qulay bo‘lgan 640x640 o‘lchamda yaratib olingan. Shuningdek barcha rasmlar sinflar kesimida

o'qitish (train) uchun 70%, validatsiya uchun 20% va testlash uchun mos ravishda 10% qilib ajratildi.

Ushbu ma’lumotlar to‘plami asosida Yolov5s va Yolov5n versiyadagi dastlabki o‘qitilgan

modellarni qayta o‘qitiladi. Bu o‘qitish jarayoni Google Colab muhitida amalga oshiriladi.

Yolov5s va Yolov5n dastlabki o‘qitilgan modellarini qayta o‘qitishda giperparametrlarni
tanlashda tanib olishdagi aniqlik darajasi va model ishlash tezkorligini balanslangan giymatini
ta’minlaydigan optimal giymat sifatida batch=16, epochs =100 qilib belgilandi.

Demak ushbu ma’lumotlar to‘plami asosida Yolov5s va Yolov5n dastlabki o‘qitilgan modellari
qayta oqitildi. Har ikki dastlabki o‘gitilgan modelni gayta o‘qitish natijasida olingan modellar
baxolash metrikalari bo‘yicha baxolandi. Endi olingan baxolash ko‘rsatkichlarni solishtirish va kerakli

xulosalar gilish lozim.

Tahlil va natijalar muhokamasi

Qayta o‘qitish natijasida olingan har ikki modelning baxolash ko‘rsatkichlarini 2-jadvalda
keltirilgan. Jadvalda qayta o‘qitish natijasida olgan har ikki modelimizning sinflar bo‘yicha umumiy

olingan baxolash metrikalari qiymatlari aks ettirilgan.

2-jadval. Qayta oqitilgan modellarning turli baxolash metrikalari bo‘yicha ko‘rsatkichlari

Model

Model P R mAP@0.5- F1-
Model qatlamlari mAP@0.5
. parametrlari | (Precision) | (Recall) 0.95 score
soni

Yolov5n ni

qayta

oqitish
L 157 1763224 0.816 0.756 0.883 0.667 0.7849
natijasida
yaratilgan

model

Yolov5n ni

qayta

o'gitish
L 157 7018 216 0.848 0.91 0.893 0.697 0.877
natijasida
yaratilgan

model

Yuqoridagi 2-jadvlada keltirilgan ma’lumotlarga asosan ta’kidlash mumkinki, Yolov5s ni qayta
o‘qitish natijasida olingan model obyektlarni tanib olish aniqligini tavsiflovchi asosiy metrikalar
bo‘yicha yuqori ko‘rsatkichlarga ega. Ya’ni, obyektlarni tanib olishlar sonining qancha qismi to‘g'ri

amalga oshirilganligini tavsiflovchi Precision, modelning mavjud obyektlardan qancha gismini
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aniglay olish qobiliyatini tavsiflovchi Recall, Precision va Recall ning muvozandagi qiymatini

tavsiflovchi F1-score metrikalarining qiymatlari olingan ushbu model uchun yuqori giymatga ega.

Shuningdek bu qayta ofqitish natijasida olgan modellarimizni ishonchliligini baxolash
imkoniyatini beruvchi F1-Confidence Curve va PR-Curve xarakteristikalari quyidagi ko‘rinishga ega

(2-rasm).

F1-Confidence Curve o F1l-Confidence Curve

DaN

0.6 _—

N

= all classes 0.76 at 0.658 |r I cl 0.87 at 0.687
= all classes 0.87 at 0.

0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 08 1.0
Confidence Confidence

(a) (b)

2-rasm. Modelning yuqori ishonchlilik bilan aniqlash ko‘rsatkichlarida F1-score ning qiymati

ganday bo'lishini aks ettiruvchi F1-Confidence Curve egri chiziq xarakteristikasi.

Yolov5n ni qayta ogitish natijasida olingan model uchun -(a), Yolov5s ni qayta o‘qitish

natijasida olingan model uchun -(b).

Precision-Recall Curve

Precision-Recall Curve 1.0
o ‘_\_\_‘-I_
0.8
0.8
0.6 0.6
s 5
g a
8 g
£ a
0.4 g - 0.4
0.2 0.2 1
m— 3|l classes 0.883 mAP@0.5 m— all classes 0.893 MAP@0.5
0.0 T T T T 0.0 ; ; ; ;
0.0 0.2 0.4 cecall 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
eca Recall
a) b)

3-rasm. Modelning Recallning yuqori qiymatlarida Precision giymati qanday bo‘lsihini aks

ettiruvchi PR-Curve egri chiziq xarakteristikasi. Yolov5n ni qayta o‘qitish natijasida olingan model
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uchun -(a), Yolov5s ni qayta o‘qitish natijasida olingan model uchun - (b).

Endi yuqorida taqdim etilgan ma’lumotlar asosida qayta o‘gitish natijasida olingan ikki
modellarimizni o‘zaro solishtirma tahlilini amalga oshirish mumkin. 3-jadvalda keltirilgan
ma’lumotlarga ko‘ra ta’kidlash mumkinki Yolov5s dastlabki o‘qitilgan modelini qayta o‘qitish
natijasida olingan modelimiz Yolov5n dastlabki oqitilgan modelini qayta o‘qitish natijasida olingan
modelimizga nisbatan deyarli barcha metrikalar bo‘yicha yuqori ko‘rsatkichlarga ega. Precision,
Recall, mAP@0.5-0.95 va Fl-score kabi metrikalar qiymatlari buni tasdiqlaydi. Modelning
obyektlarni tanib olish aniqligi ham Yolov5s dastlabki o‘gitilgan modelini qayta o‘qitish natijasida

olingan modelimiz uchun yuqori ko‘rsatkichlarga ega.

Shuningdek modellarni ishonchli ishlashini tavsiflovchi F1-Confidence Curve va PR-Curve
xarakteristikalari ham Yolov5s dastlabki ofgitilgan modelini gayta o‘qitish natijasida olingan
modelimizning ishlash ishonchliligi va aniqligi yuqori ekanligini tasdiglaydi (3-rasm). Chunki bu
xarakteristikalardagi egri chiziglar ostidagi maydon yuzasi (Area under the Curve) qanchalik katta

bo‘lsa bu egri chiziq tavsivlayotgan modeling ishonchliligi yuqori ekanligini anglatadi.

Xulosa

Xulosa qilish mumkinki, hisoblash resursi cheklangan yagona platali mikrokompyuter
qurilmalarida Yolov5s dastlabki o‘qitilgan modelini maxsus ishlab chiqgilgan mahalliylik xususiyatiga
ega bo‘lgan ma’lumotlar to‘plami asosida qayta o‘qitish natijasida olingan modelni qo‘llash mumbkin.
Chunki:

» Recall, Precision, Fl-score kabi baxolash metrikalari qiymatlariga (2-jadval) asoslanib
ta’kidlash mumkinki, Yolov5s dastlabki o‘qitilgan modelini qayta ogitish natijasida olingan
modelimiz bunday magsad uchun samarali yechim bo‘la oladi.

» Bunday magsadda qo‘llaniluvhi model hisoblash resursi cheklangan qurilmalarda ham
ishlay olishi lozim. Bu modeldan ixchamlik va ishlash tezligini yuqori bo‘lishini talab qiladi.
Yuqoridagi 2-jadvaldagi keltirilgan modellarning ishlash tezligini tavsiflovchi metrikalar bo‘lgan Pre-
process va Inferense giymatlariga asoslanib ta’kidlash mumkinki, Yolov5s dastlabki o‘gitilgan
modelini qayta oqitish natijasida olingan modelimiz bunday maqsad uchun samarali yechim bo‘la
oladi.

» Shuningdek yuqorida 2-rasmda tasvirlangan F1-Confidence Curve va 3-rasmda
tasvirlangan PR-Curve xarakteristikalari grafiklari ham Yolov5s dastlabki o‘gitilgan modelini qayta

o‘qitish natijasida olingan modelimiz nisbatan samaradorligi yuqori ekanligini tasdiqlaydi.

Demak bu tahlillar asosida xulosa gilish mumkinki xonadon buyumlarini tanib olish vazifasini
bajaruvchi qurilmani ishlab chiqishda ushbu ishda maxsus ma’lumotlar to‘plami asosida Yolov5s

dastlabki o‘qitilgan modelini qayta oqitish natijasida olingan modeldan foydalanish samarani bo‘ladi.
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Chunki bu model barcha baxolash metrikalari ko‘rastkichlari bo‘yicha ijobiy ko‘rsatkichlarga ega. Bu
modelni qurilmada qo‘llash natijasida mahalliy sharoyitda foydalaniluvchi uy-ro‘zg‘or buyumlarini

tez va yuqori aniglikda aniglash mumkin bo‘ladi.
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CPABHUTE/IbHBIN
AHAJIN3 MOJE/IEN
[NTIYBOKOTO
OBYUEHUA U

KAN B 3ATTAYAX
IMIPOTHO3VPOBAHUA
TPAHCIIOPTHBIX
IIOTOKOB

HHOTaumA: B paHHON  paboTe  mpoBefieH

CPaBHUTE/bHBII ~ aHAIM3  MOJeNnell  IIIybOoKoro

obysenuss (MLP, RNN, LSTM, GRU) wu
KonMoropoBo-ApHONBIOBCKOI  ceTH (KAN) bl
IIPOTHO3MPOBAHMA TPAHCIOPTHBIX IOTOKOB. (OCHOBHOE
BHJIMaHIE V/elIeHO OIleHKe TOYHOCTY TpeACKasaHWil ¢
ucnonb3oBanveM mMeTpuk MSE, MAE u R?. Jlns npoBepku
obob1aromeil CrrocoOHOCTU MOJeeN MUCIIONb30BANINCh KaK
TECTOBble, TaK JM YHMKa/lbHble fAaHHbIe. [lo pesynpraram
aKcnepuMeHTOB Mofiennb KAN mokasaa my4mnie nmoxkasarenmn
TOYHOCTY IIPY IPOTHO3MPOBAHMM TPAHCIOPTHBIX IIOTOKOB
II0 CpPaBHEHMIO C TPAfUIVIOHHBIMM HeNpOCeTeBBbIMM
apXUTEKTypaMIu. I[IpencraBieHb BU3ya/IN3alUN
apXUTEKTYpBl Mopeneir, rpaduky QyHKIUM HOTeph U
CpaBHMTEIbHbIE TaOMuIpl pe3ynbTaToB. VccnemoBaHue
IO/ITBEP)KIAeT IIePCHEeKTUBHOCTh Mcmonb3oBanna KAN
B 3ajlayaX TPAHCIIOPTHOTO MOJEMMPOBAHMSA, TaK Kak
OHa [JEMOHCTPMPYET BBICOKYI0 TOYHOCTb IIPM MEHBIIVX
BBIYJC/IUTE/IbHBIX 3aTPaTax.

KnroueBble cmoBa: TpPaHCIOPTHBIE IIOTOKV; MOJE/IN
IIPOTHO3MPOBAHIA; A/ITOPUTMbI IPOTHO3VIPOBAHNIS; METOJIBI
rybokoro obydenms; MLP; RNN; LSTM; GRU; KAN;
ARIMA; SVM; SVR.
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BBenenue

Poct xonmmyectBa TpPaHCHOPTHBIX CPEACTB B TOPOJAX CTal MCTOYHMKOM 3HAYUTEIbHBIX
npo6eM, TakuMX KakK yBe/IMYeHNe YMC/Ia JIOPO>KHO-TPAHCIOPTHBIX IIPOVICLUIECTBUIL, YXY/IIEHNe
9KOJIOTMYECKOV CUTYalluy U CHVDKEHMe 0011e11 3KOHOMMYECKOI IPOSYKTUBHOCTU. B CBA3M ¢ aTuM
CBSI3W OCOOEHHO Ba)XKHO pasBUTHE VHTE/UIEKTYQIbHBIX CHUCTEM, CIIOCOOHBIX YIIPaBJIATH
TPAHCIIOPTHBIMM IIOTOKAMH C MICIOIb30BaHMeM UCKYCCTBeHHOTO MHTe/rtekTa (V). Takue cucteMbr
MOI'YT He TOJIbKO ONTMMM3MPOBATH IBJDKEHME Ha JOPOraxX, HO M MUHMMMU3MPOBATb HEraTUBHbBIE

IIOCIIENCTBYA, BbI3BaHHbBIE NOPOXHBIMU 3aTOpaMu [1]

TpaHcropTHBIE 3aTOPBI OKa3bIBAlOT MHOTOIPAHHOE OTPUI[ATe/IbHOE BVSHME Ha TOPOACKYIO
Cpeny U >KM3Hb /Iofieil. B 9KOHOMMYeCKOM acIieKTe OHM BeyT K 3HaUMTEIbHBIM HOTEPSIM pabodero
BpPEeMEHU, POCTY PacXOfOB Ha TOIUIMBO ¥ YCKOPEHHOMY M3HOCY TPAHCIIOPTHBIX CPEACTB. JTU
(dakToppl CHIDKAOT 061yI0 9D EeKTUBHOCTD SKOHOMUKM, YTO OCOOEHHO OIYTMMO B YC/IOBUSAX
COBPEMEHHBIX METaIl0/NINCOB, Ifie faXke HeOObIINe 3aJep>KKI MOTYT IPUBECTY K KPYIIHBIM YOBITKaM.
Hampumep, yBenndeHre BpeMeH) HOE3[KV HAIPSMYIO CBS3aHO C IIOTepeil POM3BOAUTEIbHOCTI
TPYZA, @ TaKKe C JOIOTHUTEIbHBIMU U3JEP>KKaMI, CBSI3AaHHBIMM C 9KCIUTyaTalyeil TPaHCIIOPTHBIX

CpencTB. B KOHEYHOM UTOTre 9TO OTpa’KaeTCsl Ha 9KOHOMIYECKOI CTaOMIBHOCTY U Pa3BUTUY TOPOJA.

He Menee Ba)XHBIM aCIEKTOM SABJAETCA BAMAHNE 3aTOPOB Ha OKPYXKAIOIIYI0 Cpefy.
JlnTenbHbBIe MPOCTOM TPAaHCHOPTHBIX CPELCTB Ha JJOPOTe CIIOCOOCTBYIOT YBETMYEHUIO BHIOPOCOB
BPEIHBIX Bell[eCTB B aTMOc(epy, 4TO YXy/IIaeT Ka4YeCTBO BO3yXa I yCUIMBaeT M3MEeHEeHM s KIIMaTa.
3arps3HeHue BO3[yXa B TOPOJAX HEe TO/NbKO CHIDKaeT KOMQOPT IPOXKMBAHMSA, HO M CO3[AeT
cepbe3Hble YIPO3bl AJIA 3[OPOBbS >KUTENel. ITO 0COOEHHO aKTYyaIbHO B YC/IOBMAX HapacTalollel

ypbOaHM3aIuy 1 pocTa HaceJleHs B KPYITHBIX Topofiax [2].

Kpome TOro, TpaHCIOpPTHbBIE 3aTOPBI HAMPSIMYIO CBS3aHBI C YXyAIIEHMEM KauecTBa KVM3HI.
[nutenbHOe oOXupaHyMe B IPOOKaX BBI3BIBAET CTPeCC M HEYJOBIETBOPEHHOCTb, YTO MOXXET
IPUBOAUTD K HETATVBHBIM IOCTIEICTBISIM KaK /IS IICUXMYECKOTO, TaK U [is (pU3M4eCcKoro 30pOBbs
BOAMTENeNl M TaccaXupoB. IlocTOsiHHble 3aflep)XKM Ha  JOpOTe CHIDKAIOT — YPOBEHb
YEOB/IETBOPEHHOCTY >KMU3HBIO, YTO, B CBOI0 OYepefib, MOXKET IOBIMATh Ha OOllee COCTOsIHNE
o6b1ectBa. OTCIOf1a BO3HUKAET HEOOXOMMOCTD IOVCKa 3¢ (HEKTUBHBIX pellIeHN T, KOTOpbIe MOTTIN OBl

HE€ TO/IPKO CHU3NUTD INCJIO 3aTOPOB, HO 1 YIYIIINUTD 061].[66 Ka4€CTBO I‘OpO,I[CKOf/i JKU3HN.

B ycnoBusax pacrymieit yp6aHu3anyy IporHO3MpOBaHMe TPAHCIIOPTHBIX IIOTOKOB CTAHOBUTCS
OJJHUM U3 K/TI0YEBBIX MHCTPYMEHTOB yIIpaBIeHMA TOPOACKOI cpenoit. [IpornosupoBanme nosponser
He TOJIbKO TpeIBUJIeTb BO3MOYKHbIE 3aTOPBI, HO ¥ ONTMMM3MPOBATh MCIOIb30BaHME JOPOXKHOI
MHPPACTPYKTYphL. ITO CIIOCOOCTBYET YAYUIIEHNIO TOPOXKHOI 6€30IIaCHOCTY, CHVDKEHUIO YPOBHA
3arpA3HEeHNA OKPY’KaIollell Cpe/bl ¥ MOBbIIIEHNIO 3PPEKTUBHOCTI MCIIOTb30BAHNA TPAHCIIOPTHBIX

pecypcoB. Kpome Ttoro, addextnBHOE NpOTrHO3MpOBaHME IIOMOTAeT TOPOACKUM BJIACTAM MU
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IJTAHVPOBIIMKaM 6omee paniiOHa/IbHO pacIpeneniaTb peCcypcbl U pa3pa6aTbIBaTb JO/ITOCPOYHbIE

CTpaTerny pasBUTUA TPAHCIIOPTHBIX CUCTEM.

Ocoboe 3HauyeHue npyuobOperaer yucnonb3oBaHue VI B IporHO3MpOBaHMM TPAaHCIIOPTHBIX
11oTokoB. COBpeMeHHbIE ITOPUTMbI MAIIVHHOTO OOy4eHNA M IIyOOKOro OOy4eHMs ITO3BOJIAIOT
CO3/1aBaTb MOJENN, KOTOPble C BBICOKOJ TOYHOCTBIO IPE[ICKa3bIBAIOT [BJDKEHME TPAaHCIOPTHBIX
CPeICTB Ha JoOporax. DTV MOJEIM MOTYT YYUTBIBATh ILIMPOKMII CIEKTP (aKTOPOB, BKIIIOYAS
IIOTOJIHbBIE YCIIOBUSA, BpPEMA CYTOK, COCTOSIHIME JOPOT I JJake IIOBefleHMe BoauTeneit. VicronbsoBanme
TaKMX TEXHOJIOTMII IO3BOJIAET 3HAYUTEIbHO IOBBICUTH TOYHOCTb IPOTHO30B U, KaK CIIEfICTBUE,

3¢ddEKTUBHOCTD YIIpaB/IeHNA TPAHCIIOPTHBIMY IOTOKAMIL.

C pasBuTHEM TEXHOJIOIMII ¥ POCTOM 00'beMOB JJAaHHBIX, COOMPAEMBIX C IOMOLIBIO PA3TNIHBIX
[ATYVKOB ¥ CMCT€M MOHWMTOPVHTa, IOTeHIuan npyuMeHeHus VIV B aroit obmactu 6ymeT TONBKO
BO3pacTaTb. JTO OTKPBIBAeT HOBBIE BO3MOXKHOCTM [yIsg CO3JaHuA Oojiee yCTOMYUBBIX U
3P PEKTUBHBIX TPAHCIIOPTHBIX CUCTEM, KOTOPBIE CMOTYT CIIPAB/IATHCS C PACTYLIVIMU Harpy3KaMy U

MIUHVMU3NPOBATb HETATBHDbIE ITOCTIENCTBUA yp6aHI/ISaLU/H/I.

MaTePI/IaJII)I N ME€TO/IbI

IIporHosupoBaHMe TPAaHCIOPTHBIX IIOTOKOB ABJIAETCA BaXHBIM MHCTPYMEHTOM  [IIA
obecriedeHst yCTONYMBOTO PasBUTHSI TOPOJIOB M MOBBINIEHNS KadecTBa XKu3HU. OHO II03BOJISAET He
TOJIBKO OINTVMM3VPOBATh [OPOXKHOE [BIDKEHME, HO M CHU3UTH HETaTMBHOE BO3JENICTBME Ha
OKPY>KAalOI[YI0 Cpefly, HOBBICUTb 0€30IIaCHOCTb Ha MOpOrax M YAYYIIUTb obllee COCTOAHUE
skoHoMMKM (puc.1l). B ycnoBusax Hapacramoleir ypbaHU3any 1 yBeJIMYEeHNA 9JCIa TPAHCIIOPTHBIX
CPefcTB Ha [Oporax, 3Ha4yeHMe TaKUX TEeXHONOIUI OymeT TONbKO BO3pacTaTh, jenas UX

HEOTHEM/IEMOII YaCThI0 COBPEMEHHOTO TOPOJICKOTO yIipaBieHns [1].

CHuKeHHe HeraTHBHOTO
BO3/ICHCTBHS Ha OKPY/KAIOIIYIO
cpeny

[ToBeIeHne 6e30MacHOCTH ﬂomcp)xka Pa3sBHTHA YMHBIX

€« >

JAOPOKHOI'O ABUIKCHHUSA ropoaos

3HAYHMOCTH IIPOrHO3HPOBAHHS
TPAHCTIOPTHOrO NOTOKA

VYMeHBIICHHE 3aTOPOB U [NoBsierne 3(pheKTHBHOCTH
ONTHMHU3ALIHS IOPOKHOTO — €—— ~—> paboThl TPAHCIIOPTHOI
JIBHIKCHHUS HH(PPACTPYKTYpbl

Puc.1. 3Ha4MMOCTb IPOTHO3MPOBAHMA TPAHCIIOPTHOTO MTOTOKA.

AHamu3 pasIMYHBIX MCTOYHMKOB [2-4] IIOKasbIBaeT, 4YTO MeETOABI IIPOTHO3VMPOBAHIIA

TPAaHCIOPTHBIX IIOTOKOB HEIIPEPBIBHO COBEPIIEHCTBYIOTCA, 4YTO IIPUBOIUT K 3HAUYUTE/IBHOMY
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HOBBILIEHNIO TOYHOCTY U 9P deKTUBHOCTY CO3[JaBaeMbIX Mofienielt [2]. 3a moceqHme fecATUNeTS B
3TO¥ 00/TaCTV IMPOKO MCIOTb30BATNICH CTATUCTUYECKIIE METO/bI, METO/bI MAIIVTHHOTO O0y4eHNs U
I7IyO0KOT0 00y4deHNs. DT HOAXO/bI TO3BOININ CYLeCTBEHHO YIy4LINTD IPOrHO3MPOBAHIIE, Cie/IaB

ero 6osee HaOe>XKHbIM M aJalITUBHBIM K U3MEHAIOIIMNMCA YCTOBYIAM.

MCTO,"[H TIPOTHO3HPOBAHHA
TPAaHCIOPTHBIX TIOTOKOB

|

{ ! !

MeTojibl MALLIMHHOTO Metojbl [1yGokoro
o0yueHHe o0yueHHe

CraTtHcTHIeCKHEe METOIBT

ARIMA < ’ ANN %— ‘ MLP
‘ RNN
SARIMA < ’ LN F— ‘

(Skenonenuuansioe SVR ‘ ‘ o }‘_
KCIIOHEHLHAIbHO® l b F— - )

CI/1a’)KUBAaHUE 2
\ ‘ LSTM
’ Decision Tree F—

l Random Forests F—
R ‘ KAN }1—
’ Gradient Boosting %— L

‘ GRU

Puc. 2. Hanboree 4acTo 1cnonbp3yeMble METOBI HPOTHO3MPOBAHM.

Ha PUCYHKE 2 IIpenCcTaB/I€HbL Hamubosee VCIIO/Ib3yeMbI€ METO/ b, BK/II04as CaMbl€ ITIOITY/ISIpHbIE
Ha I[ElHHbII?I MOMEHT. ITU METOObI BK/IIOYAIOT KAaK KJIACCUMYECKME CTATUCTUYECKNE IMOAXO0dbl, TaK 1

COBpPEMEHHDIE AJITOPUTMbI MAIIMMTHHOTO " I‘HY6OKOI‘O O6y‘l€HI/I}I.

[TporHosupoBaHye TPAaHCIOPTHBIX IIOTOKOB TpeOyeT MCIIO/Ib30BAHNUA Pas/IMYHBIX METOJOB,
KOTOpbIe MOTYT BapbMPOBATbCA B 3aBUCUMOCTU OT CJIOXKHOCTM 3afjauyl U JOCTYIIHBIX JaHHBIX [5].
CraTtucrideckye METOMIbI IPEIOCTAB/IAIT Ha/Ie)KHbIE VI MHTEPIIPETUPYEMbIE PELIEHNA I 3aa4, Ie
[aHHbIE MMEIOT IIpeficKa3yeMble MaTTepHbl. MeTO/bI MAIITHHOTO 00y4YeHNA 00ecIednBaloT INOKOCTh
U CIOCOOHOCTb MOJIe/IMPOBATh C/IO>KHBIE 3aBMCHMOCTY B IaHHBIX, & METOABI ITTyOOKOTO 00y4eHus
OTKPBIBAIOT HOBBIE BO3SMOXXHOCTY /I aHa/IM3a OO/bIINX 00BEMOB HaHHBIX VM BBISAB/ICHNSA CKPBITBIX
3aKOHOMepHOCTell [6]. B COBOKYITHOCTM 3TV MeTOABI MTO3BOJIAIOT PeIIaTh MIMPOKUI CIEKTp 3aad,
CBSI3aHHBIX C IIPOTHO3MPOBaHVEM TPAHCIIOPTHBIX IIOTOKOB, ObeclieuyBas OCHOBY s Ooree

3¢ deKTUBHOTO yIpaB/IeHNs] TPAaHCIOPTHON MHPACTPYKTYPOIL.

K cTatucrtmdeckum MeToziaM OTHOCATCA TPaJUIIMOHHbIE IIO/IXO/bl, KOTOPble OCHOBBIBAIOTCA Ha
aHajM3e BPEMEHHBIX PSOB M MaTeMaTudeckoM MopenvupoBanuy [7,8]. OpHum u3 Hamboree
M3BECTHBIX CTaTUCTHMYecKMx MeronoB aAbndercsi ARIMA (AutoRegressive Integrated Moving
Average), KOTOpBII codeTaeT B cebe 37€MEHTbl aBTOPEIPeCCUY, MHTEIPaluy ¥ CKOJb3SAIIETO

cpenHero. ITOT METOJ IINPOKO MCIIO/Ib3YETCA /1A IIPOrHO3MPOBAHNA BPEMEHHBIX PAJOB, 0COOEHHO
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B CIy4YasdX, KOTAa [JaHHbIE ABIAIOTCA CTaMOHApHbIMM WMIM MOTIYT OBITH IIpUBENEHDI K

CTallIOHAPDHOMY BUJY.

Emje ofHMM HONY/IAPHBIM CTaTUCTUYECKUM METOJOM SIBJISIETCS MOJie/Ib SKCIIOHEHIIMATbHOTO
crnaxuBanusa (Exponential Smoothing) [9], koTopas yumTeiBaeT Kak TpeHJbI, TaK M CE30HHBIE
KOJIe6aHNs JAaHHBIX. TaKye MeTo/bl, HO3BOIAIT 3¢ GEeKTUBHO IPOTHO3MPOBATh BPEMEHHbBIE PSIAIBI C
SIPKO BBIPOKEHHBIMM CE30HHBIMY KOMIIOHeHTaMu. Kak ObII0 yyKe CKa3aHO, CTaTUCTUYeCKe METObI
YacTO MPUMEHSIOTCS B CIy4asiX, KOTJa JJaHHble 00MTafaloT MpeacKasyeMbIMHU ITaTTepPHAMM U KOTZa

TpeOyeTcs BBICOKAsA MHTEPIPETUPYEMOCTb MOJIEIIN.

MeToppl MalITHHOTO O0YYeHMA OXBATBIBAIOT OOJIee MIPOKNUII CIIEKTP a/ITOPUTMOB, KOTOpPbIE
0o0y4aloTcsi Ha OCHOBE [AHHBIX ¥ MOTYT BBIABIATH Oo0Jiee C/IOXKHBIE 3aKOHOMEPHOCTM B
TPAHCIOPTHBIX MOTOKaX. OAMH 13 KII0YeBBIX METOJOB MAIIVHHOTO OOy4eHMs — METOJ OINOPHBIX
BeKkTOpoB SVM (Support Vector Machines), KoTopbiit ucrionb3yercs A 3afjad KIaccupUKaum u
perpeccun. B KoHTeKcTe MPOrHO3MPOBaHMA TPAHCIIOPTHBIX NOTOKOB, MeToxi SVR (Support Vector
Regression) 1mo3Bo/isieT MoOJenMpOBaTh HENMMHEHBbIE 3aBUCHMOCTU MEXJY IepeMEeHHBIMU, YTO
MOXXET OBITb II0/Ie3HBIM JUIsI IPOTHO3VMPOBAHMA KPaTKOCPOYHBIX M3MEHEHMII B TPAaHCIIOPTHBIX

rmorokax [10].

JIpyruM Ba>KHBIM METOJIOM SIBJIsieTCs perpeccus ¢ fepeBbsimu peutenuit DT-R (Decision Tree
Regression), KoTopast CTpPOUT MOJie/Ib Ha OCHOBE MepapXUy IPaBWI NpUHATKS pemernit [11]. Sror
METOJI, SIB/IAETCSI OCHOBOII [yIsA 60JIee C/IOXKHBIX aHCAMOJIEBBIX METOJIOB, TAaKMX KaK CIIydaliHble jeca
RF (Random Forests) n rpaguentHsii 6yctuar GB (Gradient Boosting), koTopble 00BbeIMHAOT

MHOJXECTBO I€PEBHEB peH.IeHMf;[ AJ1 ITOBBIIIEHIA TOYHOCTU IIPOTHO30B [1]

MeToppl MalIMHHOTO 00Yy4YeHUA 00TafaloT BBICOKOJ TMOKOCTBIO ¥ MOTYT afIallTMPOBAThCA K
PasIMYHBIM THUIIAM JAaHHBIX U 3amad. OHM OCOOEHHO IIO/IesHBI B CNTydYasX, KOTJa HaHHbIE MMEIT
C/IOKHbIe VI HeJIVHeVHble B3aMIMOCBS3M, KOTOpPble TPYZHO YIOBUTH C IOMOIIBIO TPA/VIIVIOHHBIX

CTAaTUCTUYICCKUX METOJOB.

MeToppl rTy60KOT0 00YUeHM s IPEACTABIAIOT COO0II CIIOXKHBIE M MOLITHBIE MOJIE/N, CIIOCOOHbIE
aHa/IM3MPOBATh OOJIbIINE OOBEMBI JAHHBIX VI BBIABIIATD ITyOOKMe 3akoHOMepHOCTH [12]. OnHuM n3
Hanbosee pacpoOCTPaHEHHBIX METOLOB ITYOOKOTO 00yUeHNsI SIB/ISETCS. PEKYPPEHTHbIE HellPOHHBIE
cett RNN (Recurrent Neural Networks), n nx pasnoBugnocty, takue kak LSTM (Long Short-Term
Memory) n GRU (Gated Recurrent Unit). 9tu mMomenmn ocobeHHO 3¢pdeKTUBHBI A1 paboThl C
BPEMEHHBIMY pSlaMM, TaK KaK OHY YYMTBIBAIOT IIOC/IE[IOBATEIbHYIO NMPUPOAY AAHHBIX M MOTYT

3aIIOMMHATh MHPOPMALVIO O IPEABIAYIINX COCTOSHUAX ceTn [13-16].

JIpyruM Ba>KHBIM METOZIOM ITTyOOKOTO 00ydeH N AB/ISeTCs CBepTOYHbIe HelipoHHble ceTri CNN
(Convolutional Neural Networks), koroprle M3HayanbHO ObUIM pa3paboTaHbl i 0OpabOTKU

I/ISO6p8.)K€HI/II7[, HO TaK>X€ MOTYT OBITD aalITUPOBAaHbI /I aHA/IM3a BpEMEHHbBIX PATOB. B xonTeKCTE
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IIPpOTHO3MPOBAaHNA TPAHCIIOPTHBIX IIOTOKOB CNN MOTYT MHMCIIOJIb30BATbCA /I BBIOCICHUA
ITpOCTPpaHCTBEHHO-BPEMEHHDIX SaKOHOMepHOCTeﬁI B MJAHHBIX, YTO AC/IACT UX IIOJIE3HBIMU /14 3aaa4,

CBA3aHHbBIX C IIPOTHO3MPOBAHNEM MHTEHCUBHOCTH OBVDKEHNIA B pa3/IMYHbIX pETNOHAX [13]

OpnHOJ M3 HOBBIX U II€PCIEKTMBHBIX APXUTEKTYP ITyOOKOrO OOY4YEeHWs SBIAIOTCS CEeTH
Konmoroposa-Apuonbia KAN (Kolmogorov-Arnold Networks), koTopble 0CHOBaHBI Ha TeopeMe
npepcraBneHusa Konmoroposa-ApHonmbfa. T CeTM OTIMYAOTCA OT TPAAMIVIOHHBIX MOJeIel
I7TyOOKOTO OOyYeHMsI TeM, 4TO MCIIOIb3YIOT CIUIAHOBble QYHKINM B KayeCTBe aKTUBALWIL, YTO

II03BOJIAET VIM OBITh 60JIee MHTepIpeTupyeMbIMu 1 3 dexTuBHbIMY [17-19].

Hamra cratesa mpepncTaBisgeT o060  IEpPCHEKTMBHOE —JCCNIe[OBaHME, IIOCBAILICHHOE
npuMeHeHnio cereil Konmoroposa-ApHonbra (KAN) mma mporHosmpoBaHMS TPaHCHOPTHBIX
IOTOKOB. MBI cTaBUM Iiepef, co60l1 3a7jady OLIEHUTD IPaKTUYHOCTb MpuMeHeHna KAN B peabHbBIX
CLIeHapMAX TPAHCIIOPTHOTO MOJEMVPOBAHNA, aHAMN3UPYS UX 3(P(PEeKTUBHOCTD C TOYKU 3PEHUA

KOJIYecTBa 00y4aeMbIX ITapaMeTpOB.

s mocTybkeHMsA 9TONM Lie/iM Mbl NPOBeM OLeHKy npousoputenbHocT KAN, ncnonbsys
pearbHble JlaHHbIE TPAHCIOPTHOro Tpaduka. B Xome mccmemoBaHMs MBI TakKe CpaBHUIN
pesy/nbTaThl, IOMydYeHHble C wucnonb3oBanmeM KAN, ¢ pesynbTaramMm IPOTHO3MPOBAHUE,
IO/Ty4eHHBIMM C IIOMOLIbI0 00Jiee TPafVIIMOHHBIX HEVIPOHHBIX CeTell, TAKMX KaK MHOTOC/IOVHBIE
nepcentponsl MLP, pekyppenTtHble HelipoHHbIe ceTu (RNN), a TakKe X IPOJIBUHYTHIX BapUaHTOB
LSTM u GRU. OTu apxXmTeKTypbl LIMPOKO IPU3HAHBI M AKTMBHO MCIIO/NB3YIOTCA I 3amad

IIPOTHO3VMPOBAHMA BPEMEHHBIX PANOB, BK/II0YasA IPOTHO3MPOBaHE TPAHCIIOPTHBIX ITIOTOKOB.

MeTtoagonorus uccieqoBaHUA

3.1 IlocraHoBKa 3aga4n

Ilyctp 3HaYeHMA BpeMeHHOro pspa Y (t) [OCTYIHBI B JUCKpeTHbIE MOMEHTHI BpeMeHM t =
1,2,...,T O6osnaunm BpemeHHoit psjg kak Y (t) =Y(1),Y(2),..,Y(T). B mMomeHT BpemeHnM
T Heob6XoMMO OIpefieUTb 3Ha4YeHMs Ipolecca Y (t) B IOCIemylomye MOMeHTHl BpemeHu T +

1,..,T + L. 3pecb T — Ha3bpIBaeTCsI MOMEHTOM IIPOTHO33, a BeIMYMHA L — BpeMeHeM YIpeXXaeHus.

[l BBIYMCIEHVS 3HA4YEHUI BpPeMEHHOro psifia B OyAyliye MOMEHTHI BpeMeHM TpeOyeTcs
oIpefienTh (PYHKIMOHAIBHYI0 3aBUCUMOCTb, KOTOpas OTpa)kaeT CBA3b MeEXAY HPOIUIBIMU U

OyRyIMMY 3HAUEHMSIMU 9TOTO Psifa. ITa 3aBUCUMOCTD Ha3bIBAETCSI MOZIE/IBIO IIPOTHO3MPOBAHNA.
YT+i)=FXYM),Y(T-1,Y(T-2),..),i=1.2,..,L,

roe F — q)YHKI_H/I}I, KOTOpaA ONIpe€nenAeT CBA3b MEXAY INPOLIBIMI 3HAY€HNAMY BpPEMEHHOTIO

pAfia ¥ TPOTHO3MPYeMbIMU 3HAadeHMAMM. Mopenb IIPOTHO3MPOBAHNA JIO/DKHA OBITh IIOCTPOEHA

(1)


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 Volume 2, Issue 2

TaKUM 06pa30M, YTOOBI cpenHee a0COMIOTHOE OTKJIOHEHMEe MCTUHHOIO 3HA4YeHus OT

IIPOTHO3MPYEMOTO CTPEMMU/IOCH K MMHMMAIbHOMY /I/If 3a/laHHOTO BpeMEHN yIpexieHus L.

1% .
MAD =ZZ|Y(T+L')—Y(T+1')|, (2)

rae Y(T + i) - ucruunast 3navenne, Y (T + i) — mporHo3HbIe 3HAUYEHVSI BDEMEHHOTO PSifia.

Kpome mnonydenus Oymymmx 3HadeHUII BPEMEHHOTO psfia, HEOOXO[NUMO OIIpelennTh
JOBEpUTEIbHBIN MHTEPBa (3) BO3SMOXXHBIX OTK/IOHEHUI 9TUX 3HAUYeHUI. ITO IO3BOINUT OLIEHUTD
[MamasoH, B Ipefe/lax KOTOPOro MOTYT HaXOAMUTbCs peajibHble 3HAa4eHM:A Ipolecca. KoHcTpykuma

AJOBEPUTE/IPHOTO MHTEPBajIa IOMOJKET B aHA/IN3€ HANEKHOCTU 1 TOYHOCTU ITPOTHO30B.
[YT+D)-z-0,Y(T+0)+2z 0] 3)

TZie Z — 3Ha4YeHNe KPUTUIEeCKOTO YPOBHA [ BRIOpaHHOTO YpOBHS foBepusA. Hanpuwmep, ms
ypoBHs joBepus 95% 3HauYeHMe Z IPUMEPHO PaBHO 1.96 (B cry4ae HOPMATbHOTO paclpefeieHNs).

0 — CTaHfIapTHas OlLIMOKa MPOTHO3a, KOTOPast u3MepsieT BapnuabeTbHOCTh IPOTHO3HOTO 3HAYEH NS
3.2 icxonHble MaHHbIE

I ROCTVKeHM s TOCTaBIEHHON BBILLIE MCCIE[0BATEbCKOI e/ He0O0X0aMO chOpMIPOBATH
Habop maHHBIX. [laHHBIe OBUIM COOPAHBI C IEPEKPECTKOB, PACIIONIOXKEHHBIX Ha ymuie borumamorn u
Ha ydYacTKe Mo}l KO/blleBOV moporum B Tamikente, Y3bekmcrad. [[s 3TOro MCIONTb30OBAINCh
CIlenya/IbHble IPOTPaMMBI M CTaTUCTIYecKue MeToabl. COOp HaHHBIX OCYIIECTBIIA/ICA B IIepuog ¢ 1
sHBaps 110 MIoHb 2023 roga. CTpyKTypa STUX HaHHBIX IIPeJCTaB/IeHa B TabuIle 1, KoTopas COgep>KUT
nHG}OPMALMIO O IaTe, BpeMeHM, HallpaB/IeHNY TPAHCIIOPTHOTO IIOTOKA U KOTMYECTBE TPAHCIIOPTHBIX

CPeNCTB B KaXK/IbII1 Yac.

Tabnuua. 1. CTpyKTypa cOOpaHHbIX JaHHBIX.

Ne DateTime Vehicles day week month year
0 01.01.2023 0:00 140.0 1 7 1 2023
1 01.01.2023 1:00 140.0 1 7 1 2023
2 01.01.2023 2:00 100.0 1 7 1 2023
3 01.01.2023 3:00 60.0 1 7 1 2023

AHanu3 cOOpaHHBIX NAHHBIX ITOKAa3al, YTO IMKOBBIE Yachl TPAHCIOPTHBIX IIOTOKOB, KaK
IIpaBUJIO, IPUXOAATCA Ha paHHee yTpo ¢ 8:00 go 11:00 u Bevep ¢ 16:00 go 19:00. Tn BpeMeHHbIE

VIHTepBa/Ibl XapaKTePHBI [/I1 HanOOJIbIlIell 3arpy>KeHHOCTY JOpoT B paboune auu. I'paduk cpennei
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VHTEHCMBHOCTU M MEAVAHbI ABVDKEHIUA TPAaHCIIOPTa IIO OTHAM HEOENIA Ha 3TOM YyYacCTKE NOPOrm

IpeJCTaB/IeH Ha pUCYHKe 3.

Ha ocHoBe aToit nHbOpManuu Mbl paspadaTbiBaeM MOJiE/N IIPOTHO3MPOBAHNSA TPAHCIIOPTHBIX
IIOTOKOB, VICIIO/Ib3Ys1 BBILIEYIIOMSIHYTbIe METO/BL. B mpoljecce paspaboTku Mogienelt OyzieT mpoBesieH
CPaBHUTE/IbHBIN aHAIN3 PA3IMYHBIX HOAXOMOB C Iielbl0 BbIOOpa Hambonee sddexruBHoro. [t
3TOrO IUIAHUPYETCs KOPPEKTMPOBKA IapaMeTPOB MOfeNell, TaKMX KaK KOJINYeCTBO CTIOEB,
KOJINYECTBO HEVIPOHOB B C/10e, QYHKIMM aKTMBALMY U Jpyryie IUIlepIapaMeTpsl, YTOOBI JOCTUYD

Hammy4mux pe3yabTaToB.

1400 t t Cpep.3Hay
— Mepunana

1200 4

1000 4

8001

HYucno asT.{WT)

600 -

400 4

2004

0 1 2 3 4 5 6 7 8 9 10 1 1z 13 14 15 1 17 18 19 20 21 22 23
Bpema {yac)

Puc. 3. Ycpennennas sHadeHMA M Me[IIaHa MHTEHCYBHOCTY TPaHCIIOPTa.

3.3 Boi6op Moenu NpOrH03MpPoOBaHMS

B nanHO1 paboTe HaM IIPeACTOUT CO3AATh MO/ IIPOTHO3MPOBAHN TPAHCIIOPTHBIX IIOTOKOB,
ucnonb3ys Meronsl MLP, RNN, LSTM, GRU un KAN. Ilpexpe, yeM mepeiTu K pealusalny 3TUX

MOJiesIeit, HYDKe IpYBeiEM KPAaTKYI0 MH(OPMALNIO O KaKIOM U3 YKa3aHHBIX METOJOB.

Muorocnoiiasle mnepuentpousl (MLP) sBnsaoTcs opHoVt u3 6a30BbIX ¥ Hambosee
PacIpOCTpaHEeHHBIX ApPXUTEKTYP HEPOHHBIX ceTeil B o6macty rmybokoro obydenusa. OHM MIMPOKO
VICHO/B3YIOTCA /ISl pelleHMsl pasANyHbIX 3afad, TaKMX KaK KIacCUUKAILys, perpeccust u

IIPpOTHO3MPOBaHNE BPEMEHHDBIX PANOB.

MLP npepcraBnfer co60i MCKYCCTBEHHYIO HEPOHHYIO CETb, COCTOSALIYI0 M3 HECKOIBKVX
C/I0€B HEMIPOHOB, OPTAaHM30BAHHBIX B Mepapxuw. B 6asoBoM Bume MLP Bxiodaer TpU TUIIA CTIOEB

(puc. 4).
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Puc. 4. Apxutexkrypa MLP.

Kaxppiii Heltpon B MLP BbImonHsieT mpocToe MareMaTmdeckoe IpeobpasoBaHue (4): oH
YMHO>KaeT BXOJIHbIE JaHHbIe Ha COOTBETCTBYIOLIME Beca, CYMMMUpYeT pe3ylIbTaThl, HA0OaB/sieT

CMellleHNe U NpUMeHseT QyHKuMIo (Tabmuia 2) akTMBALMK /I TTOJTYYeHMsT BBIXOJHOTO CUTHaja
[20].

n
Vj :iji'xi + b, (4)
i1

r/ie yj MMHeiHas KOMOMHAIMA BXOJIOB X; C BECAMM Wj; U CMeleHreM b;.

Ta6muua. 2. [Ipumeps! HanbosIee MCI0Ib3yeMbIX GYHKIVII aKTVBALVIML.

Ne Haspanmne YpaBHenune I'padpuka

1 Sigmoid (curmorina) f(x) = rlx /
e

Tanh

2 (runepbomryeckmit flx) = 1o o 1

TaHTEHC)
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Oifx <O

3 ReLU fx) = {xifx 20

OcHoBHasi 1nenb o6ydeHus MLP 3axaodaercss B MUHMMM3AIVM  OIIMOKM MEXZY
IpefiCKa3aHHBbIMY 3HAYCHUAMU CETV U PEalbHBIMM 3HAYEHUAMU, VICIONb3Ys METOJ OOpaTHOro
pacnpoctpanenusa ommbku. IIporecc obyueHmss Bxaoyaer B cebs  Cefymoliye  IIaru

IIpeJICTaB/IEHHbIE HA PUCYHKE 5.

1 2 3 4
Ob6parHoe
. Brrancnenne OGHoBIIEHHE
[Tpsimoii mpoxox —> pacmpocTpaHeHue ——>
(byHKIHU IOTEph G BECOB

Puc.5. [Tpouecc ob6ysenne MLP

PexyppentHble HeliponHble ceTrt (RNN) — 3T0 K/1acc HeIpOHHBIX ceTell, IpejHa3HaYeHHbIX
1151 00pabOTKM ITOC/IeOBATEIbHBIX JaHHBIX. B OT/IM4Me OT TpaiUIIMOHHBIX HeIPOHHBIX ceTeil, RNN
VIMEIOT 'TIaMATh', KOTOpasi YYUThIBAeT NpeAbIAylye BXOJHbIE JAHHbIe IpU 00pabOTKe TEeKYIero
BXOJJHOTO CUTHaJIa. ITO JiejlaeT uX 0COOEHHO IOIe3HbIMMI IS 3a/ad, IJie II0C/Ie0BaTeIbHOCTD VI
BpEMEHHBIE 3aBYICYMOCTY UTPAIOT K/II0UYEBYIO POJIb, TaKM€ KaK IPOrHO3MPOBaHNE BPEMEHHBIX PAMIOB,

00paboTKa TeKCTa U paclio3HaBaHue peun [2].

B RNN HellpoHBI CBSI3aHBI He TOTIBKO C HEPOHAMM CJIEAYIOLIEro C/I0s1, HO U C caMMM co00ii Ha
IpefbIAYINX BPpeMEeHHBIX marax (puc. 6) [21]. DTo m0O3BONAET CeTM COXpaHATh MHPOPMALVIO O

IpeAbIAYLIMX LIaraxX M VICIIO/Ib30BaTh €€ [/IA IPUHATHA PEIleHNI Ha CIeJyoLMX [Iarax.

OcHoBHBIE QopMy/BI peKyppeHTHOI HeitpoHHOM ceTnt (RNN) MOXXHO ommcaTthb CIemyolum

a/IeMeHTaMM 13 OOHOBIIAIOIIETO MOAY/IS cocTosiHMe (5) 1 BeIxOgHOTO MOAys (6) [2, 22].
he = f(Wy - x¢ + Up - he_y + by), (5)
r7ie hy - CKpBITOE COCTOSIHIIE B MOMEHT BpeMeHM ¢, X; - BXOJ{HbIE JaHHbIe B MOMEHT BpeMeHH ¢,
h¢_1 - cKpbITOE COCTOsIHME B NpeRbIAyLii MOMeHT BpeMenu t — 1, U, u W), - BecoBble MaTpuIibl

I BXONHBIX NAHHBIX ¥ IPENbIAYIIEr0 CKPBITOTO COCTOSHUA COOTBETCTBEHHO, by - BEKTOp

cmemennit (bias), f pyHkumsa akruBanym (Hanpumep, tanh mwan ReLU).

e =f(Wy - he +by), (6)
rae y; - BBIXOJHOE€ 3Ha4Y€HVI€ B MOMEHT BpEMEHN t, ht - CKpbITO€ COCTOsAIHNE€ B MOMEHT BpEMEHU

t, Wy- BecoBas MaTpuia /il CKPBITOTO COCTOAHMA, by- BexkTOop cMmemenmit (bias), f dynknma

akTyBauyy (Hampumep, softmax mam curmonya).
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ht his1
A T

Ti1 Zy Tit1

Puc.6. Apxurekrypa RNN

ITn d)OpMY}IbI OIIMCBIBAKOT, KaK RNN o6HOBsIET CKPBITO€ COCTOAHNE U BbIUMC/IAET BBIXOTHOE

3Ha4Y€HME Ha KaXKJOM IIIare BpeEMEHN.

LSTM — aro tun pexyppeHntHoll HeliporHol cetu (RNN), paspaboTaHHBI Ay pelleHNs
Ipo06/IeMbl MCYe3aOIVX Y B3PbIBAIOIXCS IPafYIeHTOB, KOTOPast YacTO BO3HMKAET B CTaH/JapPTHBIX
RNN mpu oOyyeHum Ha JJIMHHBIX BpeMeHHBIX HocnefoBarenbHOCTAX. LSTM addexTuBHO
CIIpaB/IAETCA C 3a[ja4aMI, I7ie TpeOyeTcsl yIUTHIBATh JONTOCPOYHbIE 3aBUCHMOCTY, O/1arofiaps cBoeit

YHUKAIbHOM apXUTEKTYPE, BKIIOYAIOLEN AYEIKY TaMATH.

LSTM wucrmonb3yeT TpM KIIOYEBBIX 37IeMEHTA YIPABIeHMs — BXOJHON, BBIXOZHON U
3a0BIBAIOLINIT 37IeMEeHTBI (V1M 'TeNTHI'), KOTOpBIE YIPAB/IAIOT IOTOKOM MH(OPMAIVy BHYTPY CETH.
OTU 3/1eMeHTHI MO3BOJLIIOT CeTV COXPAHATh MM 3abbIBaTh MHGOPMALVIO B Ipoljecce 00ydeHus,

obecrieunBas 3¢QPeKTNBHOE yIpaBlIeHNMe KPaTKOCPOYHBIMU M JOITOCPOYHBIMU 3aBUCHMOCTSIMMU

(puc.7).

hi- hy hii1

/

o/ Tanh o
A J he
) \ —

Co 2 4 1% ™
A fu| it oY o @ A
o
L | ]

N\ y

Puc.7. Apxurexrypa LSTM.

OcHoBHble ypaBHeHMst LSTM cocrosaT u3 3abpiBaroiero Moxyns (7), BXogHOro Moays (8),

obHOBIAOIEero Mopyis (9) u BeixogHoro MoxynA (10) [15].

fe = O'(Wf [he—1, %] + bf): (7
iy = oW [he—1, %] + by), (8)
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C; = tanh(W, - [hy_1,x¢] + b¢)

Ct:ft'ct—1+it'5t' (9)
or = (W« [he—q, x] + bo)
ht = 0 tanh(Ct) , (10)

e f; — 3a0bIBAIOINIL T€IiT, [;— BXOTHOI reifT, C;— KaHAUAAT B HOBOE 3HAUYEHIe COCTOSTHUS
sueiiky, Ci— OOHOBJIEHHOE COCTOSIHME sSTYeVIKY, O— BBIXOJIHOI TeiiT, hy— OOHOB/IEHHOE CKpPBITOE
cocrosumne, We, W;, W, W,—BecoBble MaTpuIpl JJIi COOTBETCTBYIOLINX TENATOB, bf, b;,bc, b,—

CMEIIECHNA, O —CUTMOMIHAA CI)YHKI_U/IH aKTBallnum, tanh— I‘I/IHCP60}H/I‘ICCKa}I CI)YHKLU/IH AKTBaN.

GRU sBnsercs ympomenHoit Bepcueit RNN, koTopass BkmodaeT B ce06s1 MeXaHM3MBI
yIIpaB/IeHNsI HOTOKOM MH(OpPMAIVM C TOMOILIBIO ABYX T'eiiTOB: OOHOBIIAIONIETO U COPAChIBAIOIETO
(puc.8). O6HOBIAIOWINMIT TelIT OTBeYyaeT 3a OIpefe/ieHNe TOro, CKONbKO WHQOpManum us
IIPeAbIAYILETrO COCTOAHMS OyleT IepefaHo B Clefylolee, a cOpachbIBAIOMINII €T KOHTPOIUPYeET,
KakKasd 4acTb IPeIbIAyIero cocTosHMA OymeT "3abbiTa’. Takas apXuTeKTypa IIOMOraeT pelIaTh
npoOeMbl MCYE3AIOUIero TpafMeHTa U MOo3BojsAeT ceTn Oomee 3((PeKTUBHO 3alOMUHATDH
JONITOCPOYHBIE 3aBMCUMMOCTM IO cpaBHeHMI0 ¢ TpaguiyoHHbIMM RNN. GRU Tpebyer MeHbiue
BBIYVICTIUTE/IBHBIX pecypcoB 1o cpaBHeHuto ¢ LSTM, HO coxpaHseT CONOCTaBMMble Pe3yIbTaThl B

3ajjayax 06pabOTKM BpEeMEHHBIX PSIOB.

hi hy he i1

— I h: \5@4/}\ I hy |

Tt-1 Tt T+l

Puc.8. Apxurexkrypa GRU.

OcHoBHble ypaBHeHMsa pmna cetm GRU BKIIOYaOT YeTbIpe K/IIOUEBBIX KOMIIOHEHTA:
obHoBystIomMI TeiT (11), cOpaceiBatommit reitt (12), obHOoBneHMe cocrosinus (13) M BbIXOgHOE
cocrosgHye (14). OTM KOMIIOHEHTB B3aUMOJEWCTBYIOT [yIA YIpaBlieHusA MHGOpMaLuelt,

COXpaHAEeMOI OT IPEeAbIYLVX IIar0B U VICIIONIb3YEMOIA /I IPOTHO3MPOBAaHMA Ha TEKYIIEM HIare.
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ze = 0(W, - [he—q, %] + by), (11)
re =W, - [he_q, x:] + by), (12)
hy = tanh(Wy, - [y - he_q, xc] + bp), (13)
he=1—2) hey+z-hy (14)

Te Z;— OOHOBJIIOUIII TeNT, ONpeNe IO, CKONMbKO MHpOpMaLum u3 IpebIAYLIETO
COCTOSIHUA TIepefiaTh B Clefyioliee, 7p— COpachbIBalOIIMII TeT, YIpaBIAoINI '3a0bIBaHUEM"
IpebIAYLIero COCTOSHNUA },{t — KaHJU/IaT B HOBOE 3HaYeHMe CKPBITOTO COCTOSIHMSA, hy — puHanbHOE
CKPBITOE COCTOSIHME Ha TeKymuii MoMeHT Bpemenu, W,, W,., W, — Becosble marpuusl, b,, b,, b, —

CMeIeHVs], 0 — CUTMOMAHAsA PYHKIVA aKTUBaLMH, tanh—rumnepOodecKknii TaHT€HC.

KAN — 3T0 nofixof, KOTOPbIil UCIIO/Ib3yeT TeopeMy KonMoroposa- ApHOIbAa A/ IOCTPOEHU
HEIpOHHON ceTy. JTa TeopeMa yTBEp)K[aeT, 4TO J00as HelpepblBHasA (PYHKLMA MOXKET OBITH
IIpeZICTaBJIeHa B BUJIE CYIePIIO3NLINIY HECKOIbKUX OffHOMEPHBIX (PyHKIMIL. B KOHTeKCTe HelIPpOHHBIX
cereii KAN cocrouT M3 MHOXeCTBa OJHOMEPHBIX (DYHKIMII, KOTOpBIE VCIIONB3YIOTCA IS

HpI/I6HI/I>KCHI/IH C/IOJKHbIX MHOTOMEPHBIX 3aBUCUMOCTEN, TAKMX KaK BpE€MEHHDbIE PANbI.

©®opmynsr i KAN MOXXHO IpefcTaBuUThb Ha OCHOBe TeopeMbl KonMoroposa-ApHOIbAa,
KOTOpast IO3BOJIsIET Pa3oXXUTh MHOTOMEPHYI0 (PYHKIIVIO Ha OffHOMepHbIe PyHKIN. B 061em Buze
I TpeAcTaBleHMs (QYHKUMM OT HECKOJNbKMX IIepeMeHHBIX f (X1, Xy, ..., Xy ) VICIIONIB3yeTCs

clemyomas cxeMa.

ITyctp y Hac ectb ¢yHkums f(xq, Xy, ..., x,). Ilo Teopeme Kommoroposa, oHa MoxeT OBITh

IpeficTaB/IeHa KaKk KOMOVMHANsI OMHOMEPHBIX PYHKIMIT crepytomiero Buaa (15) [17].

2n+1 n
fO ) = ) 0 (), (15)
i=1 =1
roe @i — J9TO HEIIPEPbIBHBIE ONHOMEPHbBIE q)YHK]_H/H/I, KOTOpbIE€ ABIANTCA 06yqaeMbIMI/[ B

npotecce 06y4eHns MOIENH, P; j— 3TO Takxke obyyaemble OfHOMEPHbIE PYHKI[MM OT MEPEMEHHDIX

Xj, X1,X2, «ny Xn — 3TO BXOOHBIC TAHHBIC MOJICTIN.

KAN nmeer yHUKaIbHYIO CTPYKTYPY, OT/IMYAIONIYIOCS OT TPaAVIVOHHBIX apXUTEKTYp, TaKIX
kak MLP, RNN, LSTM un GRU.
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Puc. 9. Apxurexrypa KAN.

Kak 6p110 ckasano Bbimie, B KAN ¢(yHKIuM akTyBanmm MOTYT ObITH IIpefCTaB/IeHbl B BUJE
IIO/IHOMOB VUIY CIUIAf{HOB, KOTOpPbIe MOTYT M3MEHATLCA B IIpoljecce oOydeHuA. ITO MO3BONAET
MOZe/M afaNlTHpoOBaTbCs Oonee TMOKO M 3PQPEKTMBHO K OCOOEHHOCTSAM MAaHHBIX ¥ 3a/jadaM.
O6ydaemble ¢pynkumy aktuBamyy B KAN IpefocTaB/IAIT TOIOTHUTENIbHYIO CTeIleHb CBOOOJBL,

KOTOpasA IMOMOTIaeT JIy4Ile 3aXBaTbIBaTb CIOJKHbBIE 3aBYICMMOCTI U1 CTPYKTYPBI B JaHHBIX.

Kpowme toro, B KAN onepauny cymmMupoBaHus 1 06pabOTKM JaHHBIX MMEIOT MHON XapakKTep.
B oT/mmune or MLP, rie cyMMupoBaHue BXOJHBIX CUTHAJIOB C BeCaMM SIB/IACTCS (PUKCUPOBAHHBIM, B
KAN wucnonesyorca 6onee clno>xHble (GOpPMBI B3aMMOJEVICTBYS, YYMTHIBAaKOIue oOydaeMble
byHKUMM akTHMBaLuyU. OTO IO3BOMAET MOJEIM INPOM3BOAUTH OOJiee CIOXKHBIE U aJalTUBHbBIE
npeo6pasoBaHya HaHHbIX. ApxutekTypa KAN cTpomTca Ha OCHOBE TEOpEMBI IIPENCTaBICHUA
KonmoropoBa-ApHonbia, KOTOpas IO3BOJISIET CO3/aBaThb MOJENN, CHOCOOHbIe S(PQPeKTMBHO

IpefiCTaB/IATh U 00pabaThIBaTh MHOTOMEPHBIE (PYyHKIMIL.

Takum obpasom, xiroyeBoe ormmure Mexay MLP n KAN sakmodaercss B ToM, yTo B MLP
byHKIVM akTHBanMy GUKCHPOBAHBI M He ISMEHAIOTCA B IIpoliecce 00ydeHms, B TO Bpemsa Kak B KAN
bYHKUMYM  aKTMBAIMM  ABIAOTCA O00y4aeMBIMM, 4YTO IIO3BOJAET MOfenyM rubdye U TOYHee
aJaNTHpOBAaTbCA K MAHHBIM M 3afadaM. JTo fAemaeT KAN moTeHIManbHO Oojee MOIJHBIM

VIHCTPYMEHTOM JU/IsI PellleHNsI CTIOKHBIX 3a/jad, TPeOYIOIIX [ITyOOKOT0 aHa/I3a JaHHBIX.
4. AHanu3 u o06CcyKaeHne pe3yIbTaToB

B sroM pasmene MBI paccCMOTpPUM IIpOLiecC pPa3pabOTKM MoOfeell IPOTHO3UPOBAHNA
TPAHCIOPTHBIX IIOTOKOB C JICII0/Ib30BaHMEM BBIIIEYIIOMAHYTHIX apXUTEKTYP. [l 00ydeHns Mopenu

MBI JICIIO/Tb3yeM NTPOTpaMMHBIN TakeT Anaconda u A3bIk mporpammupoBanus Python Bepcyn 3.11.5.
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[Tpu cospanum mogeneit npuMenstorcs 6ubmmorekn: NumPy v1.26.3, pandas v2.0.3, matplotlib
v3.7.2, scikit-learn v1.3.0, TensorFlow v2.9.1 u pytorch v2.2.2.

HPOHCCC CO3aHNA MOI[(EHCIUA MAaIlIlMHHOTO O6YTI€HI/IH BK/IIOYaeT B ceOd II0CNIEJ0BATEIbHOCTD

00s13aTe/IbHBIX LI1aroB, IPEACTaB/IeHHbIX Ha pucyHKe 10.

CBop gaHHBIX T Bri6op 1 HacTpoiika Mogenn 7 Omuenka Mozenn ‘1

Ipenobpaborka JaHHbIX U UX

OOy4eHHEe MOJICIH
paszelneHue

OnTiMU3aus 1 10padoTka

Puc.10. Stamnsl paspabotku mopen MO.

[Tpe>xxge yeM MPUCTYINUTD K pa3paboTKe MOJeIM Ha OCHOBE apXUTeKTypsl MLP, Heob6xomumo
HOPOOHO PacCMOTPETh OCHOBHBIE STAIlbl 3TOTO IpoIlecca. B mepByio odepenb ciefyeT MPOBECTH
IpefiBapUTENIbHYI0 00pabOTKY JAaHHBIX, TAK KaK Ka4eCTBO BXOJHBIX JJAHHBIX HAIIPSMYIO B/IMseT Ha

TOYHOCTD NPeJCKa3aHMIi MOJEIN.

Ha sTane npeno6paboTKy ZaHHBIX ObUIM YCTPaHEeHbI IPOITYCKY U Heolpeje/IéHHble 3HAYeHN,
4TOOBI MIHMMI3MPOBATh BIVIHIE LIIyMa Ha Ipolecc o0ydeHus. [Jamee BbIOOpKa OblIa pa3jeneHa Ha
OOy4aloUIyl0 M TECTOBYIO IIOABBIOOpKM B cooTHoumreHuyu 80:20, 4TO ABISAETCA CTAHAAPTHBIM
IOAXOOM A obecredeHMsa cOATaHCUPOBAHHON OLEHKM KadecTBa Mofie/mn. Takoil crmoco6
pasbuenns mo3BosseT 3PpPeKTUBHO OOYUNTD HEPOCETEBYIO aPXUTEKTYPY M OOBEKTUBHO OLIEHUTD

€€ CII0COOHOCTD K 0000IEeHNI0 HAa HOBBIX JaHHBIX.

Ha sTame Bpi60pa 11 HacTpoiiky MOfienu 6b11a BeIOpaHa apxutekTypa MLP, a e€ koudurypanus
OIlpefie/ieHa IMIMPUYECKUM IYTEM, BKII0Yasl ONTYMaIbHOE KOJIMYECTBO C/IOEB U YNC/IO HEJIPOHOB B
KaXJOM U3 Hux. B pesynbrare Obi1 cpopmupoBan Hambosee MOAXOIAIMI BapUaHT CTPYKTYPHL,
IpeycTaB/IeHHbIT Ha PuicyHke 11, obecriednBaronyii 6amaHCc MeX/y BBIYMCTIUTEIBHON CTO>KHOCTDIO

MOJIEIN U €€ CIIOCOOHOCTBIO K 06001IeHNIO.

Dense input:4 Dense input:64 Dense input:16

: l  Hidden Layer § l Hidden Layer 7 . ’
Input layer output:4 i output:32 relu output:8
Dense input:4 | Dense input:32 I Dense input:8

Hidden Layer Hidden Layer Hidden Layer

output:64 .
relu P relu liner

output:16 output: 1

Puc. 11. Apxurekrypa mogenmu MLP

B mporecce o6yyeHus MoJeny BaKHYI0 PO/Ib UTPaeT HACTPONIKa e€ mapaMeTpoOB, K KOTOPBIM

OTHOCATCA:
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e Onrrumusatop (optimizer)- anropmT™, YHpaBIAOIUII IPOLECCOM OOHOBIEHUA BECOB

HelipoceTy;

e Oynkuna notepb (loss) — Kpurepuil, IO KOTOPOMY OLEHMBAeTCs OLIMOKAa MO U

KOPPEKTUPYIOTCS €€ ITapaMeTphl;

e Merpukn (metrics) — mokasarenyu, JMCIOIb3yeMble I OLIEHKM KadecTBa IIpefiCKa3aHMII

MOIENN;

¢ Pasmep makerta (batch_size) — uncio o6pasios, o6padaTsiBaeMbIX 32 OJVH LIar OOHOBIEHNS

BECOB;
¢ KomuecTBo a110x (epochs) — 4yc/Io MOMHBIX IIPOXO/OB 110 o0y4aromieii BLIOOpPKe;

e [lonss Banmupanmonnoi Bbibopku (validation_split)- wacTe maHHBIX, Bbigensemas s

KOHTPOJ/IA Kade€CTBa MOJE/IN Ha JTalle O6y‘I€HI/IH.

TTocne HaCTPOIZKM BbIIEYKA3aHHbIX ITaApaMETPOB HAYMHAETCA IIPOILIECC O6Y‘-I€HI/IH MOOenn,

IUINTETIBHOCTb KOTOPOTO 3aBJCUT OT €€ CTPYKTYPBI ¥ BBIOPaHHBIX TUIIePIIapaMeTPOB.

ITo 3aBepumieHMM OOy4YeHMs CIEAYIOIMM STAIIOM SIB/ISETCS OLEHKA MOJEeNMU, I KOTOPOI
VICIIONBb3YIOTCA ~ MeTpuKM, Takme Kak MAE (cpegusasa abcomorHas ommbka), MSE
(cpenHekBampatuyHas ommbka) u R>  (koadduiueHT perepMmMHAIMM), TIO3BOJIAIONIAE

KOJINYIE€CTBEHHO U3MEPUTDb TOYHOCTD IIPOTHO3VPOBAHMA I KA9€CTBO MO EIIN.

I[Tocne 3aBepIeHMs STala OLIEHKY pe3y/IbTaThl MOJIE/N IPeACTaB/IATCA B TpaduaeckoM BUE,
a BbIUNMC/IEHHble MeTpUKM O(OPMIAITCA B TabMM4YHON QOpMe, YTO IO3BONMAET HAIMIALHO

IIPOAHATM3UPOBATh €€ TOYHOCTH U 9(pPEeKTUBHOCTD.

M1 IIpencTaBMM IIOJTY4€HHBIC DPE3Yy/IbTAaThl KaK B I‘pa(l)I/I‘—IeCKOM, TaK M B TaOIMYHOM Buje,

COIIpOBOXKAAA X KPATKMM OIIMCAaHMEM U aHA/IN30M.

Ha Pucynke 12 npepcrasien rpaduk ¢pysknym notepb MLP-Mopeny, 13 KOTOPOTro BUFHO, YTO
Ha Haya/JbHbIX 3Talax OOy4eHMs 3HaUeHMe (QYHKUMU IOTePb CTPEMUTENIBHO YMEHbIIAETCHA, YTO
CBUJIETeNIbCTBYET 00 3 deKTUBHOI afjaliTaly HEIPOHHOI ceTy K obyJarmomyM faHHbIM. OHAKO ¢
yBe/IMYeHMeM KOMMYeCTBa SM0X CKOPOCTb (PYHKLMU IIOTEPb 3aMeIAeTCsl, M KpUBasi IOCTEIIEHHO
cTabmmmsupyercs, IpUOMDKAACh K ONpefe/I€HHOMY 3HA4eHNI0. AHaIM3 AMHAMUKM VM3MEHEHUI
¢GyHKIIVM HOTeph Ha oOOydarolleil ¥ BalyJallIOHHON BBIOOpPKAaX IIOKa3bIBaeT, YTO UX KpUBBIE
CHIDKAIOTCA 6e3 Pe3KIX OTKIOHEHMIT, YTO yKa3bIBaeT Ha OTCYTCTBMe epeobydenns (overfitting). 3to
HIOATBEP>KAeT, YTO MOJIE/b YCIIEIIHO BBIAB/IAET U 0000111aeT 3aKOHOMEPHOCTH, IPUCYTCTBYIOINE B

IaHHBIX, YTO CBUJETENbCTBYET O e€ XopolieM obobmaromeM (generalization) cBoiicTBe.
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Puc.12. I'padux pyHKIMYM DOTEPD.

AHanusupysa METPUKIU IPOTHO3MPOBAHNA, MOKHO OTMETUTD, 4YTO Ha TECTOBBIX JAaHHBIX MOJI€/Ib
nokasana cnenyoue pesyabrars: MAE = 0.068, MSE = 0.0085 u R? = 0.82. Manbie 3Hauennss MAE
1 MSE cBujieTe/IbCTBYIOT O BBICOKOI TOYHOCTM MOZE/N, B TO BpeMs Kak R?, HampoTus, 4eM Bblllle,
TEeM JIy4llle MOZe/Nb 00001IaeT 3aBYCYIMOCTY B ITaHHBIX. DTI Pe3y/IbTaThl IIOKA3bIBAIOT, YTO MOJENb

IIPOTHO3MPYET C TOYHOCTHIO 82%.

[T TOBBILIEHMS TOYHOCTY HEOOXOAMMO OITUMM3MPOBATh APXUTEKTYPY MOAeNU U eé
TUIepIapaMeTpbl. ITOT MPOLecC OOBIYHO OCYIECTBIIACTCS IMIMPUIECKUM (9KCIIepUMEHTATbHBIM)
nyréM. B xone mccnenoBanusa 6bUIM IPOTECTVPOBAHBI pas/IM4Hble KOHPUIypauuu, ¥ B HEKOTOPBIX
ClIy4asx YAIOCh JOCTMYb TOo4YyHOCTM 86% m 89%. OpHako Takme MojenM He IOKa3blBalu

JIOCTaTOYHOTO YPOBHS 0600IIIeHM.

Omnenka ob6o61maromneil ctocoOHOCTY MOJe/IM TPOBOAVIIACH C MCIIONb30BaHNEM YHUKATBHOTO
Habopa JJaHHBIX, KOTOPBIII He BXOAMWI B OOYYAIOIIYI0O U TECTOBYIO BBIOOPKM. DTOT HabOp JAaHHBIX
VICIIONb30BA/ICS.  JUIA TIPOBEPKM MOJENNM B YCIOBUAX, INPUOMIDKEHHBIX K pealbHBIM, MU

COOTBETCTBYIOIIME PE3YNbTAThl IPUBE/IEHBI HAa PUCYHKe 13.

900 1 —— MWcTUHHOE 3HaYeHue
~— [lpegcKasaHne
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Puc. 13. PesynbraTtel MLP-Mopieni Ha yHUKa/IbHBIX JAHHbIX.
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Hama Mopenp mokasasa TOYHOCTD BCero 67% Ipy MpoBepKe Ha YHUKA/IbHOM Habope TaHHBIX.
9TO MOXeT OBITh CBSI3aHO C HECKONBKMMM (aKTOpaMM: BO-IIEPBBIX, 00'beM COOpaHHBIX JAaHHBIX MOT
0Ka3aThCsl HEJOCTATOYHBIM, @ BO-BTOPbIX, YHIKA/IbHO BBIOPAHHBI HAOOP JaHHBIX MOT CyIIIeCTBEHHO
OT/INYATBCA OT OOYYarolell ¥ TeCTOBOJ BBHIOOPOK, M3-3a YEero MOJie/Ib He CMOITIa KOPPEKTHO €ro
obpaborars. Hanpumep, ecmm mMopens obydanach Ha JaHHBIX O Tpaduke B JHEBHOe BpeMs, a
YHUKJIbHBII HA0Op cofep>kal HOUHBIE JaHHbIE, 9TO MOIJIO NPYBECTU K YXY[IICHUIO Pe3y/IbTaToB.
JlaHHBIT 9KCHEPUMEHT IOATBEP)KIAeT BKHOCTb PETY/ISPHOTO [OOOYYeHMsI MOJENM Ha HOBBIX

OAaHHBbIX, YTOOBI ITIOBBICUTD €€ CIIOCOOHOCTD K 0606H_[6HI/IIO M yNIy4qIINTDb Ka9€CTBO IIPOTHO3MIPOBaHNA.

Hamr cnemyromuit uccinenyemenit Metog, — 310 Mojenb RNN, apxurekTypa KoTopoit 6buia
npejcTaBieHa paHee. B ormmune or MLP, nannasa Mojenb yuuTbIBaeT 3Ha4EHNA BPEMEHHOTO pAfia
Ha NpefbIyluX LIarax, YTO II03BOJIIET eil 60/lee TOYHO IPOTHO3VMPOBATDH IOC/IEOBATE/IbHBIC
maHHBIE. J[711 KOppeKTHOII pabOThI MOJIe/IM BXO/JHbIE JaHHBIe ObIIV IPe0bpa3oBaHbl B HEOOXOAVIMBII
¢dopmar, mocie Yero Mbl HAacTpPOWIM e€ apXUTeKTypy M mmapamerpbl. B pmannoit RNN-mopenn
IIPelyCMOTPEHbI BXOJHOI U BBIXOJHOII C/ION, a TAK)Ke [IBA CKPBITBIX C/I051, YTO OTPaKE€HO Ha PUCYHKe
14.

RNN input:48 RNN input: 128

Input layer output:48 Hidden Layer output:64
| tanh l
RNN input:48 I Dense input:64

Hidden Layer Output Layer

output:128 ;
tanh P liner

output:1

Puc. 14. Apxurekrypa RNN-Mopenmu.

Hacrpoiiky Mofenmyt mog0MparoTcs SMOVPUIECKM IIYTeM ¥ IPAKTUIeCK) He OT/INYAIOTCA OT
BBILIEYITOMAHYTHIX IapaMmeTpoB MLP. UTo KacaeTcst MOMTy4eHHBIX Pe3yIbTaToOB, rpaduk GyHKINN
HoTepb IPEeACTaBJIeH Ha pUCyHKe 15. VI3 Hero BUHO, YTO pasHMIA MeXJy oOydamolnein u
Ba/IMJJALIMIOHHO BBIOOpKAaMM He3HAuUTeNbHA, M 00e KpUBbIe IIOCTEIIEHHO CHIDKAITCA. ITO

CBUJIETETILCTBYET 00 OTCYTCTBUM ITePeOOyUEeHNA B JAHHON MOJIEIN.
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Puc. 15. I'paduk ¢pynkium noreps mogemt RNN
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OcHOBHBIE pe3ybTaThl IOKA3bIBAIOT, YTO MOJ€/Ib NOCTUITIA CIeAYIOIINX oKasareneil: MSE =

0.0066, MAE = 0.0580 n R®> = 0.88. [Ipu mpoBepke Ha YHUKaIbHbIX ZAHHBIX TOYHOCTb MOZIE/N

cocraBmiIa 74%, a rpadudeckoe IpeiCcTaB/IeH)e pe3y/IbTaTOB IPUBENEHO Ha PUCYHKe 16.
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Puc. 16. Pesynbrarel RNN-Mo/€/11 Ha yHMKaIbHBIX JaHHBIX.

ITepexops K cnenyoIMUM MOLEIAM, MOXKHO OTMETUTD, 4T0 uMu ABAATCA LSTM n GRU. 9t

MOIEIN OCHOBAaHbI Ha apXUTEKTYype RNN, B HallleM ClIy4Ya€ BCeE HeO6XO,I[I/IMbIe AaHHbIE YK€

noprotroseHbl. Hamra 3afjagya 3axko4yanach B pa3paboTKe COOTBETCTBYIONIEN apXUTEKTYPbI AJIA 9TUX

Mojiesiell 1 HacTpoiiKe UX mapamMeTpoB. YTo kacaeTcs apxuTekTypsl Moenu LSTM, To oHa nmokasana

xopomne pe3yabTaTbl IPU VCIIO/TIb30BAHUN ITPEACTABICHHDBIX HIMDKE CJIOEB N KOIMYECTBA HeﬁIpOHOB

(Puc. 17).
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LSTM ‘ input:48 LSTM input:100

Input layer ‘ output:48 l LGl output:50 l
J tanh
LSTM input:48 l Dense ’ input:50

Hidden Layer Output Layer
tanh liner

output: 100 ‘ output:1

Puc. 17. Apxurextypa mogenu LSTM.

[TapameTps! Mofienu OBUTM BBIOpaHBI aHATOTMYHO MapaMeTpaM Mojem MLP u onpenenenst
sMnupudeckuM nyreM. OyHKIMA moTepb Mofenyu umeeT cnepyomuit Bupn (Puc. 18). Ha manHOM
rpaduKe BUJHO, 4YTO 3HAUEHMs OIIMOKM Ha oOy4arollell 1 Ba/lMallIOHHO BEIOOPKaX paBHOMEPHO

YMEHBIIAIOTCA U IPAKTUYECKI COBIIAJIAIOT, YTO CBUJIETE/ILCTBYET 00 OTCYTCTBUY NepeoOydeH .

—— Owwnbka Ha oby4arowen Bolbopke
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Puc. 18. I'padux Ppyuxiyu nmoreps mogenut LSTM.

PesynbraThl MOJeNM Ha BaIMJALMOHHOI BBIOOPKe IOKasanu ciepyolyue 3Hadenus: MAE =
0.0574, MSE = 0.0066 u R* = 0.88. [Ipu mpoBepKe Ha YHMKaJIbHBIX HAHHBIX TOYHOCTb MOMIE/N

cocraBuia 82%, 4TO ABIAETCA 3HAYUTEIBHO JIyYIIUM IIOKas3areneM o cpaBHeHnoo ¢ MLP u RNN

(Puc. 19).
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Puc.19. Pesynbratel LSTM-Mofieny Ha YyHUKA/IbHbIX JAHHBIX.

Ecnu rosoputh o mogenn GRU, To oHa mpaxkTmueckyu He oTnimdaerca oT mopenu LSTM,
II03TOMY IIpUBeJeM TOIbKO MoKasateay TouHocTi. Ha TecToBoI BhIOOpKe Mozenb mokaszana MAE =

0.0511, MSE = 0.0055 1 R* = 0.90. Ha YHUKa/IbHBIX JAHHBIX TOYHOCTD 3TOV Mopenu coctabuna 82%.

Hamreit mocnenneit paspaborkoit sApnsgerca Mopmenb KAN, KoTopas MMeeT apXUTEKTYpY,
COCTOSIIYI0 M3 YETHIPEX BXOJHBIX, JEBATYM CKPBITBIX ¥ OJIHOTO BbIXO#HOTO crmos (Pmc. 20).
PesynpTaTel €€ paboTBI Ha TeCTOBOil BBIOOpKE [IeMOHCTPUPYIOT BBICOKYH) TOYHOCTD
nporxosupoBanus: MAE = 0.0562, MSE=0.0058, R* = (.88, 4T0 CBUJIETE/NIBCTBYET O XOPOLIEM

COOTBETCTBUU MOJIE€/IV p€a/IbHbIM JaHHDBIM.

Puc. 20. CrpykrypHas cxema mogenu KAN.

[Ipy mpoBepKe MOJie/IV Ha YHMKA/IbHBIX IaHHBIX OHA ITOKa3a/Ia TOYHOCTD 85-88%, 4TO HEMHOTO
IPeBOCXOAUT IpeAbIAymye Mojemu. ITo ToATBepkpaer, 4ro KAN ob6rmagaer BBICOKOI
IpefiCKa3aTeNbHOM  CIOCOOHOCThI0. ['padmk  yHKIMM 1OTepb MOHEMM M Pe3y/IbTaThl

IIPOTHO3YPOBAHMA Ha YHUKA/IIbHBIX JAHHbBIX IIPE/ICTaBIeHbl HAa pUCYHKaxX 21 n 22.
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Puc. 21. I'paduk ¢pynkium noteps mogem KAN.
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Puc. 22. Pesynbrarsl npenckasannsa mogeny KAN Ha yHMKa/TbHBIX TaHHBIX.

CpaBHUTe/bHBIE Pe3y/IbTaThl HAIINX IIPVMBENEHHBIX MOJe/ieil Ha BaIMJAIVIOHHON BBIOOpKe

MO>KHO 60s1ee TIOIPOOHO IpefCTaBUTh B Tabmuie 3.

Ta6muma. 3. CpaBHUTe/IbHBIE Pe3y/IbTaThl MOJieTIell Ha TeCTOBOI BhIOOPKe.

Merpuxn Bpems
HasBanme mogenn
MSE MAE R2 oOyueHus (cex)

MLP 0.0085 0.068 0.84 46.42

RNN 0.0066 0.0580 0.87 452.23

LSTM 0.0066 0.0574 0.87 404.38

GRU 0.0055 0.0511 0.89 522.69

KAN 0.0058 0.0562 0.88 14.614

Pe3ynbTaThl cpaBHEHMA MOJie/ell Ha YHUKAIbHBIX BBIOOpPKaX IIpefcTaB/IeHbl B Tabnuie 4, e

paccMaTpuBaINCh TOIBKO METPUKI.
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Ta6muma. 4. CpaBHUTe/IbHBIE Pe3y/IbTaThl MOJIe/Iell Ha YHUKATbHOI BBIOOPKe.

Merpuxkn
HasBanmue mogenn
MSE MAE R?
MLP 0.0041 0.0597 0.67
RNN 0.0062 0.0618 0.74
LSTM 0.0031 0.0428 0.82
GRU 0.0035 0.0450 0.81
KAN 0.0019 0.0331 0.85
3axnoueHue

PesynpraTthl cpaBHeHusa mokasamy, 4ro KAN o067amgaloT BBICOKMM ITOTE€HIMATIOM IS
OpUMeHeHUs1 B 3ajladaX IPOTHO3MPOBAHMSA TPAHCIIOPTHBIX HOTOKOB. B wacTHocTH, Ormaropmaps
YHUKAJIbHOM  apXUTEKType, OCHOBaHHOM Ha TeopeMe Konmoroposa-ApHonbma, KAN
NEMOHCTPUPYIOT CPAaBHUMYIO WM JlaXKe MPEeBOCXOAIIYI0 IIPOM3BOAUTENBHOCTh IO CPaBHEHMUIO C
LSTM n GRU, npu atom Tpebysl MeHblllee KOTMYECTBO 00ydaeMbIX ITapaMeTpoB. JTO HelaeT UX
0o/iee SKOHOMMYHBIMM C TOYKM 3PEHUA BBIYMCIIUTENIBHBIX PECYypCOB, YTO OCOOEHHO Ba>KHO LA
IpVMEHEHUs B peATbHBIX YCIOBMAX, TIfle 00paboTKa OOMbIINMX OOBEMOB MAaHHBIX SBJISAETCS

KPUTHYECKOM 3a/lavueil.

Tem He MeHee, HeCMOTps Ha obelIaoIMe pPe3yIbTaThl, Hallle VICC/IeOBaHNe TI0Ka3bIBAeT, YTO
KAN HaxopATcs Ha paHHel cTafiuy pa3sBuUTHA. Mbl OTMe4yaeM, 4TO Ha IAHHOM 3Talle CIPaBeINBO
paccmarpuBath KAN kak MOTeHIIMATbHYIO a/IbTE€PHATUBY MHOTOYPOBHEBBIM IeplieniTpoHaM (MLP)
U Jake TaKMM IPOABUHYTBIM apxuTekTypaM, Kak LSTM u GRU. Opnako [i/1s1 IONMHOI OLIeHKM UX
BO3MOXKHOCTEI 1 paspaboTky Oojee CIOXHBIX peLIeHNU)], CHOCOOHBIX KOHKYPUPOBAaTb C

InepenoBbIMU MO EIAMU, HeO6XOI[I/IMbI Jla]leeI?[]l[Me NCCICaJOBaHNMA.

B 3axmodeHme, Hamle wMcclefoBaHMe nogdepkyuBaerT moreHuman KAN B 3apgavax
IPOTHO3VMPOBAHMA TPAHCIIOPTHBIX IOTOKOB ¥ IIPU3bIBAET K Ja/IbHENIIEMY MI3y4€HIIO 3TOTO ITOAX0a.
B Oymymiem 6omee  KOMIUIEKCHBIE — VICCHIEHOBaHMsS ~ MOTYT  IPUBECTM K  CO3[AHMIO
YCOBEpPIIEHCTBOBAHHBIX METOIOB, KOTOpbIe OyayT 3¢ (eKTMBHO MCIOIb30BaTh BO3MO>KHOCT KAN
B Pa3IMYHBIX CIleHApMsX MPOTHO3MPOBAHMs TPAHCIOPTHBIX MIOTOKOB, a TaKXKe B O0jiee MIMPOKUX

ITPpUTOKEHMAX.
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ISIMBIIA-
APXUTEKTYPA -
OBPABOTKA MAHHBIX
B PEAJIBHOM
BPEMEHU

HHOTauys: [laHHBle 3HAYMTENBHO M3MEHWINCH 3a
HOC/IefiHMe TOABl 1O TUIY, 00beMy M CKOPOCTH.
CyliecTByeT  HECKONbKO  (PpeiiMBOPKOB s
00paboTKM NpUIOKEeHUI ¢ 6onpuyMy faHHbIMU. [IpoekT
dboxycupyeTcss Ha JISIMOa-apXUTEKTYpa, HPeRI0KeHHON
Horan Mapuewm, 1 ee mpuMeHeHUN A/ 06pabOTKY JaHHBIX
B peajlbHOM BpeMeHU. APXUTEKTypa IpefCTaBiseT coboit
peleHne, 00 beANHAIOIee IPeMMYIL[eCTBA METOOB ITAKe THO
Y IOTOKOBOJI 00paboTKum. [JaHHBIE MOTYT OBITH UCTOPUYECKN
006paboTaHbl ¢ BBICOKOI TOYHOCTBIO ¥ 3a/IeVICTBOBAHHBIMU
anmroputMamy 6e3 MOTepy KPaTKOCPOUHOI MHPOpMAIV,
omoBelleHuit ¥ upeit. Apxurektypa Lambda cmoco6na
06CTy)XMBaTh MIMPOKWIT CIIEKTP BapMaHTOB MUCIIONb30BAHNS
M pabouyMx HAarpys3oK, BBIIEp)KMBas allapaTHble I
JejloBeyeckre OMIMOKM. MHOTOypoBHeBas apXUTEKTypa
ynydiraer cnabyo CBsA3b M TI'MOKOCTh B CHUCTeMe. ITO
OTPOMHO€ IIPeMYILEeCTBO, KOTOPOe II03BO/IsAET MOHMMATb
KOMIIPOMIICCBI U1 IIPUMEHEHMe PasINYHbIX MHCTPYMEHTOB I
TEXHOJIOTHII Ha BCEX YPOBHSIX.
KnroueBbie cnoBa: /lambpa-apxurexrypa (LA), maketHas
00paboTKa,BBICOKOHATPY)KEHHbIE ~ CHCTEMBI, IIOTOKOBas
06paboTka, 06paboTKa JaHHBIX B PeaIbHOM BpEeMEHM.
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BBenenue

C KOJI0CCa/IbHBIM TEMIIOM POCTa 00'beMOB HaHHBIX MOSABWIVCH NHHOBAIMM KaK B XpaHEHMI,
Tak U B 0OpaboTke Oompummx pmaHHBIX. Ilo cmoBam [oy JlsiHm, Gonblume AaHHbIE MOXKHO
paccMaTpuBaTh Kak yBe/lMdYeHMe Tpex V, TOo ecTb 00beMa, pasHOoOpas3us 1 ckopoctu. brarogaps
TaKMM JICTOYHMKAM, Kak gardauku loT, mentnr Twitter, >KypHambpl IPWIOKEHMII M M3MEHEHMS
cocTossHMA 6a3 HaHHBIX, IPOM3OLIEN IPUTOK IIOTOKOB JAHHBIX [JIA XpaHeHUs U 06paboTku. Itu
IIOTOKM IIPEJCTAB/IAIOT COO0J MOTOK HEeIIPephIBHBIX U HEOTPAaHNYEHHbIX IaHHBIX, KOTOPBIE TPEOYIOT
006pabOTKM IaHHBIX B peXuMe, OMM3KOM K peanbHOMy BpeMmeHu. O61acTb aHammsa NAaHHBIX
CTPEMUTE/IbHO pPa3BMBAeTCHA, YTOOBI M3BJIEKAaTh IleHHble ujen u3 OonbIMX OOBEMOB
HeoOpaOOTaHHBIX JaHHBIX. [l14 BbIYMCIEHUA MHEGOPMAIVM B CHUCTEMe NAHHBIX HEOOXO[VMBI
bpeiiMBOpKM U MexaHU3Mbl 00paboTku. TpamuiumoHHas pensuMoOHHass 6asa HaHHBIX, ITOXOXe,
IeMOHCTPUpPYeT OTpaHMYEHV Ipy paboTe C KOTOCCATbHBIMU OOBeMaMy HEeCTPYKTYypPMPOBAaHHBIX
HaHHbIX. HeoOXommMMo OTHeMnTh BBIYMCIEHUA OT XpaHeHMs. DpeiiMBOpky 06pabOTKM MO>KHO
pasfenuTh Ha Tpu QppeiiMBOpKa: TaKeTHas 06paboTKa, TOTOKOBas 00pabOTKa JaHHBIX U IMOPUHBIE
bpeitMBOpKY 00pabOTKM HaHHBIX. TpaguuMoHHas HakeTHass oOpabOTKa JAaHHBIX HaeT XOpOoIlue
pe3y/nbTaThl, HO C BBICOKOW 3afiepxkoil. Hadoop — Macmrabupyemas ¥ OTKa3oyCTOMYMBasA
dperiMBoOpK, koTopas BkrroyaeT Map Reduce pist BeruncnurenpHoit 06paborku. [1][2] 3aganus Map
Reduce 3amyckatorcsi makeramy, 4TOOBI BBIZABaThb TOYHBIC ¥ BBICOKOJJOCTYIIHBIE Pe3y/IbTaThl.
Hepocratkom Map Reduce siBisieTcs ero BeIcOKas 3afiepKKa, 4TO He Jle/IaeT ero XOPOLIM BEIOOpOM
111 00pabOTKM JAaHHBIX B peaIbHOM BpeMeHM. YTOObI JOCTUYb Pe3y/IbTaTOB B PeaIbHOM BPEMEHU C
HU3KOJ 3aJIep)KKOJ, XOpoIuM pelreHreM Oygper mcnonb3oBanye Apache Kafka B cowyeranum c
Apache Spark. Ota moTokoBas Mozmenb TBOPUT Yyfeca B IUIaHE BBICOKOV HOCTYITHOCTY M HU3KOII
3aIep KKV, HO MOJKeT IIOCTPAfiaTh C TOUKM 3PEHVS TOYHOCTY. B 60IbIINHCTBE CljeHapyieB BapMaHThI
JVICTIONIb30BaHMS TPeOYIOT KaK OBICTPBIX pe3y/lIbTaTOB, TaK I ITTy0OKOIT 06paboTKM HaHHBIX.[3] DTOT
IIPOEKT OPMEHTMPOBAaH Ha apxmuTekTypy Lambda, xoropas oObenyHsAeT makeTHYI0 U ITOTOKOBYIO
06pa60TKy. MHorne TexHonormdecke KOMnanmy, Takue Kak Twitter, LinkedIn, Netflix 1 Amazon,
VICIIONIB3YIOT 9Ty apXMUTEKTYpy [JIA pelleHVs MHOXeCTBa OmsHec-3ajjad. Apxmrekrypa LA
HallpaBJieHa Ha Y[OBJIETBOPEHUE NOTPEOHOCTENl HA[IeKHON CUCTEeMbl, KOTOpas ABJIAETCA
MacIITabMpyeMoil U OTKAa30yCTONYMBON K cOOsIM 00OpyfoBaHUS U 4enoBedeckuM oumbkam. C
IpYToil CTOpoHbI, LA cosmaeT HaklIafiHble PAacXOfbl UIA HMOAJEp>KaHMA OOJNBIIOrO KOMMYecTBa
NOABIDKHBIX 4YacTell B apXuTeKType u Ayonupylomuxcs ¢peitMBopkos kopa.[4] IIpoekr
CTPYKTYpMPOBaH B pa3/MyuHble pasfensl. ApxurekTypa Lambda BosHUKaeT Kak pelneHie, KOTOpoe
COCTOUT W3 TpeX paslIMYHbIX Cl1oeB. LA mpepcraBisfer co6oii oObefuHEeHNe MHOTOYVCTEHHBIX
MHCTPYMEHTOB U TeXHO/MOTui. LA MmOgXoauT A/ii MHOTMX BapMaHTOB MCIONb30BAHUA M VIMeEET

IIPUIO>KEHMS B Pas/INYHBIX 00TaCTAX.
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MaTepI/IaHbI N ME€TOAbI

TpapuunonHas nakerHass oOpaboTka mpereprena usmeHeHusa B 2004 ropy, korma Google
npencraBun Hadoop MapReduce s obpaborkm 6onmpmmx pmanHbix [1]. MapReduce — 3to
MacimTabupyemas u sQQeKTuBHasA MOJeNb, KOoTopas obpabarbiBaeT 6obluye 06beMbl JaHHBIX
maketamu. Vies, nmexxaias B ocHoBe ¢peiiMBopka MapReduce, 3akno4daeTcst B TOM, 4T0O cOOpaHHbIe
JaHHble XPAHATCA B TedeHNUe OIpefle/ICHHOIO Iepuoja BpeMeHM Iepel o0OpaboTkoit. Bpems
BBIIIO/IHEH VS TTAaKeTHOTO 3afanus MapReduce 3aBUCUT OT BBIYMCINTENTBHON MOIIHOCTU CUCTEMBI 1
obuiero pasmepa obpabaTbiBaeMbIX MaHHBIX. BoT moyeMy KpymHOMacumTabHas o6paboTka
BBIIIO/IHAETCS B OTPAC/IM €KEeYaCHO, eKeTHEBHO WM €XeHefle/IbHO B 3aBMCUMOCTM OT BapMaHTa
ucronb3oBanys. MapReduce mpoko MCHONb3yeTcs i aHanm3a AaHHBIX C €r0 IOfXOIOM K
IIaKeTHOJ 00paboTKe MAaHHBIX, HO, KaK IIPaBWIO, He OIPABAbIBACT OXKMIAHUI, KOTZA TPeOYIoTCA
HeMeJ|/IeHHbIe pe3y/IbTaThl. B mocieHee BpeMs BO3HUK/IA HEOOXOAMMOCTb B OBICTPOIT 06paboTKe 1
aHamu3e paHHbIX. Heobxommmo OblcTpo monydaTh MHGOpPMALMIO IOC/TIE TOTO, KaK COOBITHE
IPOU3OIIJIO, IOCKOJIBKY €€ IIeHHOCTb CO BpeMeHeM yMeHbInaeTcsi. OHJIaiiH-TOPTOB/IA, COLMaNbHble
cety, (pOHAOBbIE PBIHKM ¥ CHUCTEMBI OOHApPY)XEHUSA BTOPXKEHMII B 3HAUMUTETBHON CTeIleHU
II0/IaTAl0TCs HA MTHOBEHHBIIT aHa/IN3 B TeYeHVe MIUIMCeKYH]L wm ceKyHAL. CormacHo [5], o6paboTka
[aHHBIX B pea/ibHOM BpeMeHU 00befuHsieT cOOp HaHHBIX, 00pabOTKy JAaHHBIX M MCCIIeJOBaHIE
JaHHBIX OYEeHDb OBICTPBIM M OIllepaTMBHBIM ob6pasoM. OpHako MapReduce Hukorga He ObUT cO3faH
JUISL 9TOVL Lie/Iy, YTO NPUBENIO K MHHOBAIVAM B CUCTeMaX HOTOKOBOII 00paboTkm. B ormmume ot
IIaKeTHOJI 00paboOTKM, [aHHBle, IIOfjlaBaeMble B CUCTEMy IIOTOKOBOJ 0OpabOTKM, SBJISAIOTCA
HEeOTPaHMYEHHBIMI U HAaXONATCS B ABJDKEHUM. DTO MOTYT OBITb JaHHBIE BPEMEHHBIX PANOB WK
[aHHbIe, ITOJIyYeHHBIE 13 Be0-aKTUBHOCTM IOIb30BATEs, )KYPHATIOB IPWIOXKEHMIT WM HAaTIYNKOB
IoT, n momKHBI OBITH IepefaHbl II0 KOHBeepy B MEXaHM3M IIOTOKOBON 00pabOTKM, TaKOy Kak
Apache Spark [9] unmn Apache Storm [11]. OTu MexaHU3MBI 0671a/IaI0T BO3MO>KHOCTBIO BBIYUCTIATD
aHa/MN3, KOTOPBII MOXXET OBbITh MOMOTHUTENBHO OTOOpaKEH B BHUJje Pe3yIbTATOB B peabHOM

BpPE€MEHU Ha ITaHE/IN MOHUTOPUHTA.
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ITony4yeHHbBIE pe3ynbTaThI

[Ipepyaraemast apXmMTeKTypa IpefcTaBleHa Ha puc. 1. Bxopdmue maHHBIe JyONMMpynTCA U
nepefarnTca Ha MMaKeTHBIN U CKOpOCTHOI?I YPOBEHD NI711 BBIYMCIEHUIA.
Serving Layer

Batch Layer

Immutable / All Data —

Query

Batch View

Real Time View

[

Speed Layer
Data Stream

s FReal Time View

Puc. 1. Jlambpa-apxurexTypa [2]

[3] mompobuo obcyxpmaer Tpu cnos B LA. ITogMHOXeCTBO CBOVICTB, HEOOXONUMBIX IJIs
prrIHOMaCIJ_ITa6HbIX pacnpeneHeHHbe aPXI/ITeKTyp 6OHI)HII/IX OaHHDbIX, YI[OBHCTBOPHCTCH Ka’XIIbIM
ClIoEM B LA BbICOKOHaI[e)KHa}'{, OTKa3OYCTOI7[‘-H/IBaH n  MaJIOo3aMENINTE/IbHAA apXMTeKTypa
paspabaTbiBaeTCs € MCIOIb30BaHMEM HECKOMBKIX PpeliIMBOPKOB OOJBIINX JaHHBIX M TEXHOIOTHIA,

KOTOpbIe MAaCIITAOMPYIOTCS COBMECTHO I10 C/IOSIM.
A) ITakeTHBI C/10JA.

Cyrb LA — 310 0cHOBHOI Habop maHHBIX. OCHOBHOJ Ha0Op HAHHBIX ITOCTOSTHHO IIO/TyYaeT
HOBbIe JaHHble B pexyMe fobapaeHusA. Takoil MOAXOJ KpaiiHe >KelaTeleH i IOfAepXKaHMs
HEeM3MEeHHOCTY JaHHBIX. B kHure [3] Mapi mopuepkyuBaeT BaKHOCTb HeM3MeEHAEMBIX HaOOpOB
maHHbIX. OOmIasg Leb — IOATOTOBUTHCA K OIIMOKAM Ye/loBeKa VM CUCTEMbl M PpaspelnTb
IOBTOPHYI0 00paboTKy. [I0CKO/NIbKY 3HaUeHM ITepeolpefie/IAI0TCA B M3MEHAEMOI MOJIe/N JaHHBIX,
OPYHINI HeM3MEHAEMOCT) MpeJoTBpallaeT MOTepIo JaHHbIX. BO-BTOPBIX, HeM3MeHAeMasA MOJieb
JaHHBIX IOflep)KMBaeT VIPOLIeHNe M3-3a OTCYTCTBMs MHAeKcauuy AaHHbIX. OCHOBHON Habop
[aHHBIX B ITAKETHOM CJIO€ IIOCTOSTHHO PacTeT ¥ ABJIAETCA NMOAPOOHBIM JMCTOYHMKOM JIAaHHBIX B
apxutektype. OCHOBHOJI Ha6Op HAaHHBIX HOIYCKaeT (GPyHKLMIO CIYYaTHOTO YTEHUSA MCTOPUIECKIX
maHHBIX. ITakeTHBIN CIOJ MpefIIOYNTAET A/ITOPUTMBI TIOBTOPHOTO BBIYMC/IEHN MIHKPEMEHTa/IbHBIM
amroputmaM. IIpo6nemMa ¢ MHKpeMEHTAaIbHBIMY QITOPUTMAMIU 3aKIIOYAETCSI B HECIIOCOOHOCTU
peliaTb Npo6IeMbl, BO3HMKAIOLINME }3-3a 4Ye/IOBEYeCKMX OINOOK. ITOBTOpHO-BBIYMCIUTE/IbHAS
IpUpoOJa MAKETHOTO C/I0s CO3/laeT IPOCTble INaKeTHble IpPeNCTaBAeHUsA, TTOCKONbKY CIIOKHOCTDb

YCTpaHAETCA BO BpEMA NPEABAPUTE/IbHBIX BBIYMCIIEHUIA. KPOMC TOTI'O, OTBETCTBECHHOCTDb IIaKETHOI'O



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

CI0s1 3aK/II0YAEeTCsI B JMCTOPUYECKON OOpabOTKe HaHHBIX C BBICOKON TOYHOCTBIO. AJITOPUTMBI
MAalIVHHOTO O0yd4eHMs TpeOyloT BpeMeHU A OOydeHUA MOV M IPefOCTaB/ICHM JTydIINX
pe3y/IbTaTOB C TeueHueM BpeMeHU. Takiue, eCTeCTBEHHO, MCUEPIIbIBAIOIIME U TPYAOEMKIeE 3aaun
00pabaTpIBalOTCs BHYTpM IakeTHOro cnos. B ¢peiimBopke Hadoop ocHOBHOI Habop maHHBIX
coxpansiercsi B daimoBoit cucreme Hadoop (HDES) [6]. HDES sBnsercs pacmpeneneHHON U
OTKa30yCTONYMBOIL U C/IEAYET IIOAXO[Y «TOBKO nobasneHne» A YIOB/IETBOPEHNA notpebHOCTEN
naketHoro cosi LA. ITakeTHass o6paboTka BBIIIONHACTCA € MCIONb30BaHMeM 3amanuit MapReduce,
KOTOpBbI€ 3aITyCKAIOTCSA C IOCTOSAHHBIMM MHTEPBA/IaMM ¥ BbIYMC/IAIOT MTAKETHbIE Pe/ICTaB/lIeHNsA 110
BCeM JaHHBIM, pacnpeneneHHbM B HDES. IIpo6mema makeTHOro Cnosi 3aKIH04aeTcss B BBICOKOI
3ajiep>kke. IlakeTHble 3afaHusA JJO/DKHBI BBIIIOJHATBCSA II0 BCEMY OCHOBHOMY HabOpy JJaHHBIX U
TpebyloT MHOro BpeMmeHu. Hampumep, moryr ObIThb HekoTopble 3amaHus MapReduce, xoTtopbie
3aIyCKAIOTCs KaXZAble IBa 4aca. ITU 3afiaHys MOTYT 00pabaThiBaTh JaHHbIE, KOTOPbIE MOTYT OBITH
OTHOCUTE/IbHO CTapbIMU, IIOCKO/IbKY OHYM HE MOTYT CIIPaBUTbCA C IOTOKOM IOTOKOBBIX JAHHBIX. ITO
cepbe3HOe OrpaHMYeHye A 0O0pabOTKM [JaHHBIX B pealbHOM BpeMeHN. UTOOBI IIpeofoneTh 3TO

OrpaHNYeHNe, O4eHb BaXKeH CI0J CKOPOCTL.
b) Croit ckopoctn

[3] u [5] yrBepskpatoT, 4TO 06pabOTKa JAHHBIX B peaIbHOM BPeMEHM peannsyeTcs Omaroaps
HQ/IMYMIO CNI0SI CKOpocTy. IIOTOKM HaHHBIX 0OpabaThIBAIOTCS B peaJibHOM BpeMeHM Oe3 yuera
HOTHOTBI WM uctpasiennit. Cloit cKopocTu obecriednBaeT MONTy49eHMe aKTyaTbHBIX pe3y/IbTaToB
3aIpOCOB ¥ KOMIIEHCUPYET BBICOKYIO 3aJJeP>KKy IAKeTHOro cnos. Llemb 3Toro cnos — 3amonHuTbh
npo6es1, BBI3BAaHHBIN JINTE/IbHBIM ITaKeTHBIM C71oeM. UTOOBI CO3IaTh NpefCTaBIeHNsA B pealbHOM
BpPeMEHN CaMbIX IOC/IeJHMX J[aHHBIX, 3TOT C/IOJ JKEPTBYeT IIPOIYCKHOM CIOCOOHOCTBIO M
CYILIECTBEHHO YME€HbLIAeT 3a/iepKKy. IIpencraBnenusa B peaJlbHOM BPEMEHM T€HEPUPYIOTCS Cpasy
IIOC/Ie IMOJIyY€HNMs NAHHBIX, HO He TaKue IOJIHble WM TOYHbIE, KaK IAKEeTHbI cnoil. Vpesa sroit
KOHCTPYKLIMM 3aK/IKYaeTCA B TOM, YTO TOYHBIE PE3y/NbTaThl ITAKETHOIO C/I0s IE€PEOIPEeNENAI0T
IpEeNCTaBlIeH)s B peallbHOM BPEMEHN, KaK TOJbKO OHM IOCTymaiT. Paspenenue ponei B pasHbIX
cnosax o6psacHsAeT Kpacory LA. Kak ymomMmHanoch paHee, TaKeTHBIN CJIOJ YYACTBYET B PeCYpCOEMKOI
ollepaluy, BHIIOTHAA BeCh OCHOBHOJ Habop JaHHBIX. [I09TOMY €011 CKOPOCTM JO/KEH BKIIOYATh
OpPYroy IOAXOJ 1A yLOBIETBOPEHMUS TpeOOBaHMIT HU3KOM 3afep>XKu. B oTamdme ot mopxona
IIOBTOPHOTO BBIYMC/IEHMA IIAKETHOTO C/I0S, CKOPOCTHOM C/IOM IPUHMMAET MHKPEMEHTA/IbHOEe
BBIYNCTIeHMe. JIHKpeMeHTanbHOe BBIYMCIIeHNe Oojee C/I0OXHOe, HO JlaHHBbIe, 0OpabaTbiBaeMble B
CKOPOCTHOM CJI0€, 3HaYMTEIbHO MEHDIIIE, a IIPEJCTAB/IEHN ABIAITCA BpeMEeHHbIMI. MeTogonorna

CTIY‘wIElIZHOI‘O ‘ITCHI/IH/CTIY‘I&IZHOIZ 3alncy  MUCIOABb3YETCA [/1A IIOBTOPHOTO MCIIO/Ib30BaHUA U
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OOHOB/IEHMsI TpeABIAYLIMX TIpefcTaBleHumit. Ha puc. 2 mpepcTaBieHa  JIeMOHCTpauVis

VHKPEMEHTA/IbHOM BbIYMCIUTENbHOM CTPaTErUM.
Puc. 2. CTpaTerns nHKpeMeHTaTbHbBIX BBIYMCIICHNII [3].
C) Cnoit o6cTyKMBaHNSA

O6CHY)KI/IB8.IOH.U/H7I C7OIl OTBevaeT 3a XpaHE€HME BBIXOJHBIX NAaHHBIX M3 IIaKE€Ta U YPOBHA

ckopocTi. [3] B kadecTBe pe3y/nbTaTOB U3 YPOBHA MaKeTa IIOTyYaeTCs PacHOOXKeHMe IIOCKUX

0.
n ]

 pas L 1
: Previous :
| realtime views :
Function ————-‘ ———————— d
Funchon
! !
0 \
Balch views Updated
realtime views

3ammcell C IpeiBApUTE/IBHO  BbIUMC/IEHHBIMM  TIPEJCTABIEHUAMU. OTU  IpeABapUTETbHO
BBIYJIC/ICHHDBIE IIPENCTAaBIEHN IIaKeTa MHAEKCUPYIOTCA B 3TOM CIoe mIsA 6osmee OBICTPOro
u3B/IedeHNA. DTOT C/I0il obecledrBaeT C/IydaliHble YTeHMA U OOHOB/IEHMA IIaKeTa Oraropaps
CTaTMYecKMM IepcnekTuBaM makera. CormacHo [3], BcAkmit pas, Korja 3ampammBaerca LA,
00CTY)XMBAIOIVIT C/IOJE OOBEeVMHsET NPENCTaBIeHNs IIaKeTa M PealbHOrO BPEMEHM U BBIBOJUT
pesynbraTr. OObegyHEHHbIE IPEICTaBIeHNA MOTYT OTOOpaKaTbCs HA IaHENMM MOHMTOPVHIA VIV
VICTIONIb30BATbCA IS CO3JaHusA OT4eToB. TakuMm obpasom, LA ob6benmHseT pesynbTaThl U3
VIHTEHCUMBHOTO IIO0 JAaHHBIM, HO TOYHOIO YPOBHA IIaKeTa M YPOBHA OBICTPOIl CKOpPOCTM B

COOTBETCTBUN C Tpe6yeMbIM BapMaHTOM MCIIOJIb3OBAaHUA.

Cormacao [7], Apache Katka — aro pacnpenenennas odepenb pub-sub/messaging,
UICIIOTIb3yeMasi JyIsl TIOCTPOEHMsI IIOTOKOBBIX KOHBENEpPOB [aHHBIX B pealbHOM BpeMeHU. Tema
VICIIOTIb3YeTCs IJIs1 XpaHeHus noroka 3ammceit BHyTpu Kafka. Vagarens momeraer cooOiieHns B
TeMBI, a IOTpebNTeNDb MOAMUChIBaeTCsl Ha TeMy. Ilockonbky Kafka — 310 odepenp ¢ HecKonmbKuMM
HOTpeOUTeNAMNU, COOOLIEHNSI MOXKHO IIepeMaThIBaTh 1 BOCIPOM3BOAUTDH 3aHOBO B CIydae cOOs.
Cy1ecTByeT HacTpauBaeMblil IIEPYOJ, XpaHEHVS /IS COXPaHEHMs BCeX OIyOIMKOBAaHHBIX 3aIlyicel
He3aBUCHMMO OT MX NMOTpebeHus. [laHHbIe, IOTyYeHHbIe 3 aKTUBHOCTY BeO-caiiTa OTb30BaTels,
XKYPHAJIOB IIpUIo>KeHnit, faTunkos loT, Mmoryt 6bITh 3arpysxennl B Apache Kafka. [10] mokassiBaer,

kak Apache Kafka orBeuaer 3a gy6mpoBaHye JaHHBIX M OTIIPABKY KaXKIOJ KONIMM Ha MAKETHBI 1
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CKOPOCTHOJI yPOBHU COOTBETCTBEHHO.

[2] ompepenser Apache Hadoop kak pacmpemeneHHyH IpOTpaMMHYI0 IUIaTGOpPMy s
yIpaBieHys O0IbIIMM BaHHBIMK B Knactepax. Vnes Hadoop saxmoyanach B TOM, 4TOOBI BMECTO
TOTO, YTOOBI IEPEHOCUTD JAHHBIE K BBIYMC/IEHIM, IIEPEHOCUTD BBIYMCTIEHNS K JaHHBIM. OpeiiMBOpPK
Hadoop MoOXHO pasmennTh Ha MOJeNM XpaHeHMsI M BBIYMCIIEHMI, u3BecTHble Kak Hadoop

Distributed File System n MapReduce cooTBeTcTBEHHO.

Apache Storm sBnseTCA OCHOBOM YpOBHSA cKOopocTi B LA, npeaosxennoro Hatanom Mapriem
[3]. BMecTo MyKpomakeTupoBaH)s IIOTOKOB Storm I10/IaraeTcs Ha IOfX0% 00pabOTKY IIOTOKOB 110
ofHOMY 3a pa3. biarogaps sToMy pe3y/nbTaThl MMEIOT MEHBIIYIO 33/IepXKKy 110 CpaBHeHMIo co Spark
Streaming. [11] Storm 3aBUCUT OT KOHIENILINM, Ha3bIBAEMOJI TOIOJIOTVAMM, KOTOPas SKBUBA/IEHTHA
sagannaM MapReduce B Hadoop. Tononoryus — ato ceTb 13 BOPOHOK 1 60/1TOB. BopoHka cumraercs

MCTOYHMKOM IIOTOKaQ, TOI'Ja KakK OOJIT BBIIIO/IHAET HEKOTOpOE I[Gf;[CTBI/IC HaJg IIOTOKOM.

Kak o6cyxpanocs B [14], MapR ucnonesyer apxutextypy Lambda ms onnaiin-onosemrenmi,
4TOObl MMHUMMU3MPOBATh IPOCTAUBAIOLINME TPAHCIOPTBHL. APXUTEKTypa, UCIOnbdyeMas MapR,

IIOKa3aHa Ha puc. 4.

=
i by REAL-TIME STREAM PROCESSING d
TRUCK (APAGHE STORM) OMNLINE ALERTS

GEOLOCATION
TRUCK

GEOLOCATION SHORTEST PATH GRAPH
ALGORITHM
{TITAMN)

TRUCK

Puc. 3. Apxurekrypa mam67a B MapR [14]

B xommanus mo paspaboTke mporpamMmHoro obecredenus Talentica mcmonmbsyer LA ms
yIpaBlIeHNs] pPeKIaMHBIMM KaMIAHMAMM Ha MOOWIBHBIX YCTpoiicTBax. Ilpu ympasmeHun
PEeKJIaMHBIMM KaMIIaHMAMM Ha MOOWIBHBIX YCTPOJICTBaX BO3HMKaeT IpobieMa oOpaboOTKyM m3-3a
00/BIINX 06BEMOB U CKOPOCTEN! TaHHBIX. EC/IM IPOCMOTPEI B peaIbHOM BpeMeHY He TeHepUPYIOTCS,
KaMIIaHVsI MOXKeT He CpaboTaTh ¥ IIOHEeCTY OOJIbIINe IIOTEPY C TOUKM 3PEHNS JOXO/0B I YITyIIeHHBIX
BO3MOXKHOCTelT. KoMIaHus CTONKHYyIach ¢ cuTyaumeit, Korga 6suto creHepuposano 6omee 500 I'b
maHHbBIX 1 200 ThIC. cCOOOIEHNIT B cekyHay. Komnanun TpeOOBaJICS eAVHBIN TTOJIXO0]], BK/TIOYAIOLIIA
KaK ITaKeTHYIO, TaK J IIOTOKOBYIO 00pabOoTKYy, 11 T09TOMY ObI/Ia CO3[JaHa apXUTEKTypa, IOKa3aHHasA Ha

puc. 4.
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OrpanmyeHns TPagUIMOHHON TAMOJa-apXUTEKTYPbI

[TepBonayanpHO, Korma OBUI TpefyiokeH LA, makeTHBII ypOBEHb [JO/DKEH OBUI OBITH
xombuHarnyeit Hadoop File System m MapReduce, a mOTOKOBBII ypOBeHb ObII peannsoBaH ¢
ucnionb3oBanneM Apache Storm. Kpome toro, o6cmyxuBaromniuii ypoBeHb ObUI KOMOVWHAIel JBYX
He3aBNMCUMBIX 0a3 faHHBIX, TO ecTh ElephantDB u Cassandra. ITo cyru, sta Mofenp 1Mena MHOTO
npo6eM ¢ peanusanueii u obcayxuBanyeM. (4] PazpaboTunky Ko/DKHBI OBUIM XOPOLIO IIOHVMATD
JiBe pa3Hble CHCTeMBI, 1 ObUIa KpyTasi KpuBas obydeHus. Kpome Toro, co3ganue efyHOTO pelieHsI
OBbIIO BO3MOYXHO, HO IIPUBEJIO K MHOXKECTBY IIPO0/IeM CIIMAHNUA, Ipo6JIeM OTIafiKy ¥ OIlepallyiOHHO
CTIOKHOCTH. Bxopsmue gaHHble HEOOXOAMMO IOfIaBaTh KaK Ha ITAKETHBIN, TaK M Ha CKOPOCTHOI
ypoBeHb LA. OueHb Ba)XHO COXPAHUTD IIOPSJOK COOBITIII BXOZHBIX JAHHBIX JI/IS ITOJTYYeHMsI IIOJTHBIX
pesynbraToB. IIpomecc ayb6mumpoBaHMA IIOTOKOB J[AaHHBIX M WX IIepefilaui [IByM OTHAEIbHBIM
HOTPeOUTENAM MOXeT OBITh IPOOTEMATIYHBIM I CO3/IaeT OIlepal{MOHHbIe HAK/Ta{Hble PpacXofbl. LA
He BCErJa OIPaBJbIBACT OXWUJAHMA, Y MHOTVE OTPAC/IU VICIIONB3YIOT IIO/HYIO CYCTEMY ITaKeTHOI
00paboTKM WIM CHUCTEMY IIOTOKOBOM OOpabOTKM [l Y[AOB/IETBOPEHNUSA CBOEr0 BapuaHTa

MCIIO/Ib30OBAaHNA.

BoiBoaml

J3-3a KOMOCCa/mpbHOI 9BOMIOIY OONBIIMX [JAaHHBIX BO3HMKIA OojblIas IpobrmeMa ¢
00paboTKOIt M aHanM30M OONBIIMX OOBEMOB [aHHBIX. TpafMIMOHHbIE CUCTEMBI, TaKle Kak
pe/AnVOHHbIe 6a3bl HAHHBIX U CUCTEMBI ITAKETHOJ 0OpabOTKM, He B COCTOSHUM UATM B HOTY C
TeHZleHIMAMMU OObIINX HaHHBIX. HecMoTps Ha To, uyTo dperiMBopknu Hadoop Bcemsitor 6omnbuine
HaIe)XObl M YMEHDBINAKT CIOXKHOCTb paclpefe/ieHHbIX CHUCTEM, OHM He YHOBIETBOPAIOT
BO3MOXXHOCTSIM ~ 00paboTKuM B  peanbHOM  BpeMmeHu. OCHOBHas Ijefib  INPOeKTa —
IIPOJIEMOHCTPYPOBATD U CHTE3VPOBATh BPeMs, KOTOPOE MOKeT OBITh MICIIOTIb30BAHO HECKOIbKUMMU
norpeburenamu. Kaxapiii notpeburens MmoafepKuBaeT cMelleHue Aig 0003HadYeHNs MO3UINY B
XypHane ¢ukcauyu. Takum o6pa3oM, MaKETHBIN ¥ CKOPOCTHONM YpOBHM LA MOTYT BBICTYyHAaTh B
KayecTBe IOTpebuTenell ONy0/IMKOBaHHBIX 3aIcell IO TeMaM JJOCTYDKEeHUI B obactu o6paboTkn
JaHHBIX B pea/lbHOM BpeMeHM C apxuTekTypoit Lambda. Apxmrekrypa mnpencrasiser cob6oir
HaJle)XHOe COYeTaHVe METOOB ITAKeTHOI 1 TOTOKOBOII 00paboTky. KaXXiblil ypoBeHDb B apXUTEKType
VIMEET OIIPEMIeJIEHHYI0 POJIb M OTAENEH OT APYroro ypoBHA. LA B ILeloM fABIAETCA BBICOKO-
pacipesieieHHON, MacIITabMpyeMol, OTKa30yCTONYMBON IIaTOPMOIL ¢ HU3KOI 3ajiep>KKoii. Bee
IAHHbIE, IOCTYMAIOLME B CUCTEMY, OTIIPABJIAIOTCA KaK Ha ITAKETHBIN, TaK ¥ HA CKOPOCTHOJ YpPOBEHb
U1 fanpHeitmeir 06paboTky. Ilepio MakeTHOro ypoBHA ABJIAETCS YIPaB/IeH)e OCHOBHBIM Ha0OpOM
TAHHBIX U NIpeIBAPUTEIbHBIN pacyeT MaKeTHbIX NpefcTaBaeHnii. HemocTaTok makeTHOro ypoBHA B
BUJIe BBICOKON 3aJep>KKM KOMIICHCHPYETCS CKOPOCTHBIM ypoBHeM. OO6CTyKMBaroLuil ypoBeHb

aKKyMY/JMpPYeT IIaKeTHble ¥ IIPEACTaB/IeHus B peaJbHOM BpeMeHM. IIpenmectb apXxmreKTypbl
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3aK/II0YAETCs B IPUMEHEHNN Pa3/IMYHbIX TEXHONIOTNI Ha TpeX YpOBHAX. [I0CKONIBbKY MHCTPYMEHTHI
U1 paboThI ¢ OOBIIVIMM JAHHBIMY COBEPIIEHCTBYIOTCSA C KaXK/[BIM IHeM, LA mpenocraBiifeT HOBbIE
BO3MOXXHOCTY ¥ BO3MOXXHOCTM. LA HeceT OTBETCTBEHHOCTb 3a IpeoOpa3oBaHMe BXOMSILINX
HeoOpaOOTaHHBIX NAHHBIX BO YTO-TO 3HauuMMoe. B oTpacim cymjecTByeT OTPOMHBIN CIIPOC Ha
06pabOTKy HaHHBIX B pealbHOM BpeMeHH, KOTOpbiit yaosnerBopsiercsi LA. Cucrema mpencTaBiseT
c000i1 XopomuINit 6a/TaHC CKOPOCTY Y Hale)KHOCTI. XOTA y LA ecTb MHOTO IIIOCOB, €CTb ¥ HECKOJIBKO
Hab/ogaeMbIx MUHYCOB. CyliecTBYeT MHOTO ABVDKYIIMXCS YacTeil, YTO MPUBOAUT K HAK/IAJHBIM
pacxoziaM Ha KOJ[pOBaHMe 3-3a BOB/IEYEHsI KOMIUICKCHOI 00pabOTKY B pa3pO3HEHHBIX ITaKeTHBIX
Y CKOPOCTHBIX C/IOSIX. B oIlpesie/IeHHBIX ClleHapMAX HEBBITOJHO BBIIIOTHATDH IIOBTOPHYI 00paboTKY
IUISL K&XKJIOTO ITaKeTHOTO MK/Ia. Kpome TOro, MO>xeT ObITh CTIOXXHO OOBeIVIHUTD PEACTaBIeHNs Ha
obcmyxuBatoieM yposHe. [ToaTomy mbI mpencraBunu LA, ncnonb3ayronyto Apache Spark B kagectse
00111ei1 CTPYKTYPBI KaK /IS TAKETHOTO, TaK Y 11 CKOPOCTHOTO YPOBH:A. DTO 3HAYNUTE/IbHO YIPOLIAeT
apXUTEKTYPy M TaKKe ABJIAETCA IHOpamepKuBaeMoil. Kpome Toro, 6p10 mpoBeneHO moppo6HOe
CpaBHEHIE [IBYyX apXUTEKTYP B 3aBUCUMOCTY OT IIPOEKTHOTO PelleHNsI ¥ KOMIIPOMIUCCOB. byaymiast
pabora OypeT 3aKIOYaTbCA B IOHVMAHMM Pa3INYHBIX TEXHOJIOTWIL, KOTOpble MOTYT OBITH
JVICIIOTIb30BaHbl B KadecTBe a/lbTEPHATMBBI IIpefiaraeMoil apxurekrype. Apache Samza — 3To
IBVDKOK IIOTOKOBOJI 06paboTKM, KOTOPBIL 04eHb Xopouio nHTerpupyercs ¢ Kafka. On cospan Temu
Ke MCCTIeloBaTe/IsIMI, KOTOpble OTBevyany 3a paspaborky Kafka. bbuto 661 mHTepecHO mompoboBarthb

Ppa3/In9aHbI€ BapMaHThI MICIIO/Ib30BAHNA apXUTEKTYPbI U IIPOAHATN3MIPOBaTh, KaK OHI Pa6OTaIOT.
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AXBOROT
TIZIMLARIDA
FOYDALANUVCHINI
IDENTIFIKATSIYA VA
AUTENTIFIKATSIYA
YONDASHUVLARINI
TADQIQ QILISH

nnotatsiya: Ushbu maqola axborot tizimlarida
Afoydalanuvchini identifikatsiya va autentifikatsiya
qilish yondashuvlarini tahlil gilishga bag‘ishlangan.
Zamonaviy autentifikatsiya usullarining xavfsizlik darajasi,
samaradorligi va foydalanish qulayligi organilib, ularning
afzallik va kamchiliklari giyosiy tahlil qilindi. Tadgiqot
natijalari  autentifikatsiya  tizimlarini  yaxshilash va
kiberxavfsizlikni mustahkamlash bo‘yicha ilmiy va amaliy
tavsiyalarni oz ichiga oladi.
Kalit  sozlar:  Identifikatsiya,
Kiberxavfsizlik, Sun’iy Intellekt, EER.
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Kirish
Axborot tizimlarida foydalanuvchini identifikatsiya va autentifikatsiya qilish jarayonlari
kiberxavfsizlikning asosiy tamoyillaridan biri hisoblanadi. Raqamli texnologiyalarning jadal
rivojlanishi natijasida foydalanuvchilarning shaxsiy ma’lumotlarini himoya qilish dolzarb masalaga
aylangan. Identifikatsiya foydalanuvchini tizimda tanib olishni ta’minlasa, autentifikatsiya esa uning
shaxsini tasdiqlash uchun qofllaniladi. Zamonaviy axborot tizimlari turli identifikatsiya va
autentifikatsiya usullarini oz ichiga oladi, jumladan, parol asosidagi, biometrik va xulg-atvor

autentifikatsiyasi kabi yondashuvlar mavjud [1].

Hozirgi kunda kiberxavfsizlik sohasida yangi tahdidlar yuzaga chigmoqda. Dasturiy va apparat
autentifikatsiya vositalari takomillashib borayotganiga qaramay, tizimlarni buzish, ruxsatsiz kirish va
shaxsiy ma’lumotlarni o‘glirlash xavfi saqlanib qolmoqda. Shu sababli identifikatsiya va
autentifikatsiya usullarining samaradorligi, xavfsizligi hamda qulayligini baholash muhim ilmiy va

amaliy ahamiyat kasb etadi.

Identifikatsiya — bu foydalanuvchini oldindan berilgan tavsiflar asosida tanib olish jarayoni
bo‘lib, u odatda ism, login yoki boshqa unikal ma’lumotlar orqali amalga oshiriladi. Autentifikatsiya
esa foydalanuvchining shaxsini tasdiqlash uchun qofllaniladi va bu jarayon parollar, biometrik
ma’lumotlar yoki ko‘p faktorli autentifikatsiya usullari orqali amalga oshirilishi mumkin. Zamonaviy
autentifikatsiya texnologiyalari foydalanuvchilar xavfsizligini oshirish va kiberxavfsizlik tahdidlariga

qarshi kurashishda muhim rol o‘ynaydi.

Bugungi kunda eng ko‘p qo‘llaniladigan autentifikatsiya usullari parol asosida identifikatsiya,
biometrik autentifikatsiya va xulq-atvor asosida autentifikatsiyadir. Shu bilan birga, sun’iy intellekt
va blokcheyn kabi yangi texnologiyalar kelajakda autentifikatsiya jarayonlarini yanada ishonchli va

xavfsiz qilishga yordam berishi kutilmoqda.

Identifikatsiya va autentifikatsiya sohasidagi ilmiy tadqiqotlar ushbu jarayonlarning
samaradorligini oshirish, foydalanuvchilar qulayligini ta’minlash va xavfsizlik darajasini yaxshilashga

qaratilgan.

Axborot tizimlarida foydalanuvchilarni identifikatsiya va autentifikatsiya qilish bugungi kunda
eng muhim muammolardan biri hisoblanadi. Zamonaviy autentifikatsiya usullari turli tahdidlarga
duch kelayotgan bo‘lsa-da, ularning samaradorligi va ishonchliligini ta’minlash muhim ahamiyat
kasb etadi. Foydalanuvchilarning shaxsiy ma’lumotlarini himoya qilish, ruxsatsiz kirishning oldini
olish va autentifikatsiya jarayonlarini optimallashtirish ushbu tadqiqotning asosiy magqsadlaridan
biridir.

Ushbu tadgiqot quyidagi asosiy muammolarni hal gilishga qaratilgan:

o Turli autentifikatsiya usullarining xavfsizlik darajasi va samaradorligini tahlil qilish;
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» Identifikatsiya va autentifikatsiya jarayonlarining hozirgi yondashuvlarini baholash;
» Zamonaviy autentifikatsiya texnologiyalarining afzallik va kamchiliklarini aniqlash;
« Sun’iy intellekt va xulq-atvor tahliliga asoslangan autentifikatsiya yondashuvlarini o‘rganish.

Mazkur tadqiqot natijalari identifikatsiya va autentifikatsiya sohasida yangi texnologiyalarni

qo‘llash bo‘yicha ilmiy asoslangan tavsiyalar ishlab chigishga imkon beradi.

Adabiyotlar tahlili

Axborot tizimlarida foydalanuvchi identifikatsiyasi va autentifikatsiyasi bo‘yicha ilmiy
tadgiqotlar turli yondashuvlar va usullarni qamrab oladi. Ushbu sohada olib borilgan ilmiy ishlarda
identifikatsiya va autentifikatsiya usullarining samaradorligi, xavfsizlik darajasi hamda qo‘llanilish

imkoniyatlari chuqur tahlil gilingan.

Kashkin E.V. va uning hamkasblari tomonidan olib borilgan tadgiqotlar foydalanuvchilarni
identifikatsiyalash jarayonlarining texnik va dasturiy xususiyatlariga e’tibor qaratadi [1]. Ushbu

tadqiqotda autentifikatsiya usullari solishtirilib, ularning zaif tomonlari aniqlangan.

Martynova L.E. va boshqalar autentifikatsiya texnologiyalarini tahlil qilib, turli metodlarning
giyosiy tahlilini o‘tkazishgan [2]. Ushbu tadqiqot natijalari autentifikatsiya tizimlarining zaif va kuchli

tomonlarini aniqlashga yordam beradi.

Biometrik autentifikatsiya sohasida Suxarevskaya E.V. tomonidan o‘tkazilgan izlanishlar
foydalanuvchi xavfsizligini oshirish uchun eng istigbolli yondashuvlar sifatida ko‘rib chiqilgan [3].
Ushbu tadgiqot biometrik autentifikatsiyaning samaradorligini, uning kiberxavfsizlikdagi o‘rnini
ko‘rsatadi. Xalqaro standartlari ISO/IEC 29115:2013 va ISO/IEC 9594-8:2014 autentifikatsiya va
identifikatsiya jarayonlarining global talablarini belgilaydi [4,5]. Bu standartlar xavfsizlikni oshirish

va autentifikatsiya tizimlarining muvofiqligini ta’minlashga xizmat qiladi.

Tahlil qgilingan adabiyotlardan kelib chiqib, identifikatsiya va autentifikatsiya tizimlari doimiy
ravishda rivojlanib borayotganligi, yangi texnologiyalar va yondashuvlar kiberxavfsizlikni
mustahkamlashda muhim rol o‘ynayotganligi aniqlanadi. Kelajakda ushbu sohada sun’iy intellekt,
blokcheyn va xulqg-atvor analiziga asoslangan autentifikatsiya usullari yanada rivojlanishi

kutilmoqda.

Tadqiqot metodologiyasi

Metod sifatida ushbu tadqiqotda mavjud ilmiy adabiyotlarning tahlili, autentifikatsiya va
identifikatsiya usullarining qiyosiy baholash usuli hamda statistik ma’lumotlarga asoslangan tahliliy

yondashuvlar qo‘llaniladi. Shuningdek, turli autentifikatsiya tizimlarining xavfsizlik darajasini
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baholashda xalqaro standartlar va ilmiy tadqiqot natijalari asos qilib olinadi. Tadqiqot davomida
biometrik autentifikatsiya, parol asosidagi autentifikatsiya va xulg-atvor tahliliga asoslangan

autentifikatsiya usullarining samaradorligi o‘rganiladi va giyosiy baholanadi [8].

Axborot tizimlarida foydalanuvchini aniglash va autentifikatsiya qilish jarayonlari turli
tamoyillarga asoslanadi. Identifikatsiya foydalanuvchining shaxsini tizim tomonidan tanib olishni
anglatadi va bu jarayon odatda foydalanuvchining oldindan berilgan unikal identifikatori orqali
amalga oshiriladi. Agar foydalanuvchi oz shaxsini tasdiglash uchun qo‘shimcha ma’lumotlar kiritishi

talab etilsa, bu autentifikatsiya deb ataladi [9].
Autentifikatsiya usullari uch asosiy omilga tayanadi:
A=f(P,B,0)
bu yerda:
P - foydalanuvchi biladigan narsa (parol, PIN-kod),
B - foydalanuvchi ega bo‘lgan narsa (kartalar, tokenlar),

O - foydalanuvchiga xos biometrik yoki xulg-atvor xususiyatlari (barmoq izi, ovoz, klaviatura

ritmi).

Identifikatsiya va autentifikatsiya tizimlarining samaradorligini oshirish uchun quyidagi

yondashuvlar taklif etiladi:

1. Ko'p faktorli autentifikatsiya (MFA) joriy etish — Bu usul foydalanuvchi shaxsini tasdiglash
uchun bir nechta mustaqil omillardan foydalanishni talab giladi. Masalan, parol bilan birgalikda

biometrik autentifikatsiya yoki SMS orqali tasdiglash kiritilishi mumkin.

2. Biometrik autentifikatsiyani kengaytirish - Barmoq izi, yuz yoki ovoz tanib olish
texnologiyalaridan foydalanish autentifikatsiya jarayonining xavfsizligini oshirishga yordam beradi.

Bu usul parol bilan bog‘liq kamchiliklarni kamaytiradi.

3. Xulg-atvor autentifikatsiyasidan foydalanish - Foydalanuvchining klaviatura yurish-
turishi, sichqoncha harakati va boshqa xulq-atvor omillarini tahlil gilish orqali autentifikatsiya

jarayonini mustahkamlash mumbkin.

4. Blokcheyn texnologiyasiga asoslangan autentifikatsiya -  Markazlashmagan
autentifikatsiya tizimlari orqali ruxsatsiz kirish xavfini kamaytirish va ma’lumotlarni himoya qilishga

erishish mumkin [7].

5. Al va ML asosidagi tahdidlarni aniqlash tizimlarini joriy qilish - Sun’iy intellekt
foydalanuvchi harakatlarini doimiy kuzatib borish va har qanday g‘ayritabiiy faoliyatni aniqlash

uchun ishlatilishi mumkin.
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6. Parolni saqlash va boshqarishning samarali usullaridan foydalanish — Xeshlash va shifrlash

algoritmlaridan foydalangan holda parol xavfsizligini oshirish mumkin.

Yugqoridagi usullarni tatbiq qilish autentifikatsiya jarayonlarini takomillashtirish, tizimlarning

himoya darajasini oshirish hamda foydalanuvchilar uchun qulaylik yaratishga xizmat qiladi.

Autentifikatsiya tizimlarini baholash va optimallashtirish uchun matematik modellashtirish va
statistik tahlil usullari qo‘llaniladi. Ushbu tadqiqotda autentifikatsiya vositalarining samaradorligini

baholash uchun Manxetten masofasi metrikasi ishlatiladi:

D(P,P*) = Z|Pj - P €))
=1

J

bu yerda:

P- autentifikatsiya tizimining haqiqiy ko‘rsatkichlar vektori,

P*- ideal autentifikatsiya tizimining eng yaxshi ko‘rsatkichlari vektori,
n - baholanayotgan mezonlar soni.

Bundan tashqari, autentifikatsiya tizimining xavfsizlik darajasi tasodifiy parol hujumi

ehtimolligini hisoblash orqali aniglanadi:

1
Pattack = N (2)

bu yerda:
N - mumkin bo‘lgan parol kombinatsiyalarining umumiy soni.

Biometrik autentifikatsiyaning ishonchliligini aniqlash uchun I va II turdagi xatolik

ehtimolliklari quyidagicha hisoblanadi:
EER = Prrr = Prar (3)
bu yerda:
Prrr — noto‘g’ri rad etish ehtimoli (yuridik foydalanuvchiga kirishni rad etish),
Pr4r — noto‘g‘ri qabul qilish ehtimoli (ruxsatsiz foydalanuvchini tizimga kiritish),
EER - xatolar tenglashgan nuqta (Equal Error Rate).

EER ning asosiy ma’nosi - autentifikatsiya tizimi qanchalik m uvozanatli ekanligini ko‘rsatadi.
Agar EER past bolsa, bu tizimning aniq ishlashini bildiradi. Ushbu matematik modellardan
foydalangan holda autentifikatsiya tizimlarini optimallashtirish va ularning xavfsizlik darajasini

oshirish bo‘yicha ilmiy asoslangan xulosalar chiqarish mumbkin.
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Tahlil va natijalar muhokamasi

Tahlil natijalari autentifikatsiya usullarining samaradorligi, xavfsizlik darajasi va foydalanish
qulayligi bo‘yicha muhim ma’lumotlarni taqdim etdi. Turli autentifikatsiya metodlarining afzalliklari

va kamchiliklarini solishtirish orqali eng magbul usullar aniglangan.

Tadqiqot natijalariga ko‘ra, ko‘p faktorli autentifikatsiya (MFA) eng yuqori xavfsizlikni
ta’minlasa-da, foydalanish qulayligi bo‘yicha cheklovlarga ega. Biometrik autentifikatsiya xavfsizlik
va qulaylik o‘rtasidagi muvozanatni saqlashda samarali usul bo‘lib, uning xatolik darajasi pastligi
(EER = 1-3%) tizimni ishonchli giladi. Parol autentifikatsiyasi esa eng keng tarqalgan usul bo‘lishiga

qaramay, uning xavfsizlik darajasi past va hujumlarga nisbatan zaif hisoblanadi Jadval 1.

1-jadval. Autentifikatsiya usullarining taqqoslanishi.

Autentifikatsiya usuli Xavfsizlik Foydalanish Xatolik Qo‘shimcha
darajasi qulayligi darajasi qurilma talab
(EER) qilinishi
Parol autentifikatsiyasi Past Yugqori 5-10% Yo‘q
Biometrik Yugqori O'rtacha 1-3% Ha
autentifikatsiya
Xulg-atvor O'rtacha Yugqori 2-5% Yo‘q
autentifikatsiyasi
Ko‘p faktorli Juda yuqori Past <1% Ha
autentifikatsiya

Autentifikatsiya tizimlarini baholash uchun Manxetten masofasi asosida hisoblangan
natijalarga ko ‘ra, xavfsizlik va foydalanish qulayligi o ‘rtasida muvozanatga erishish uchun xulg-atvor
autentifikatsiyasi istigbolli yondashuv sifatida ajralib turadi. Ushbu usul qo‘shimcha qurilma talab

qilmaydi va tabiiy foydalanish jarayonida amalga oshiriladi.

Xavfsizlik va qulaylikning taggoslanishi

mm Xavfsizlik darajasi
Emm Foydalanish qulayligi

Parol Biometrik Xulg-atvor Ko'p faktorli
Autentifikatsiya usullari

1-rasm. Xavfsizlik va qulaylikning taqqoslanishi
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Diagramma tahlili shuni ko‘rsatadiki, xavfsizlik yuqori bo‘lishi bilan foydalanish qulayligi
pasayadi 1-rasm. Shu boisdan, tizimni tanlashda xavfsizlik va foydalanuvchi tajribasini

muvozanatlashtirish zarur.

Quyidagi 2-rasm tahliliga ko‘ra, ko‘p faktorli autentifikatsiya eng ishonchli natija bersa, parol
autentifikatsiyasi eng ko‘p xatolik ehtimoliga ega. Xulq-atvor autentifikatsiyasi esa foydalanuvchi

uchun tabiiy va qulay bo‘lishiga qaramay, ba’zi xatoliklarga yo‘l qo‘yishi mumkin.

Autentifikatsiya usullarining EER ko‘rsatkichlari bo‘yicha tagqoslanishi

—e— EER (%)
7+

o
T

wm
T

w
T

Xatolik darajasi (EER %)
»

N
T

[
T

Parol Biometrik Xulg-atvor Ko'p faktorli
Autentifikatsiya usullari

2-rasm. EER ko‘rsatkichlari bo‘yicha taqqoslash

Umuman olganda, autentifikatsiya tizimining tanlovi xavfsizlik talablariga va foydalanuvchi
tajribasiga bog'liq. Maksimal xavfsizlik uchun MFA, qulaylik va xavfsizlik muvozanati uchun

biometrik autentifikatsiya, tezkor va arzon yechim sifatida parol autentifikatsiyasi tavsiya etiladi.

Ushbu natijalar autentifikatsiya tizimlarini rivojlantirish va optimallashtirish bo‘yicha keyingi

tadqiqotlarga asos bo‘lishi mumkin.

Xulosa va takliflar

Ushbu tadqiqot natijalari shuni ko‘rsatdiki, autentifikatsiya usullarining har biri o‘ziga xos
afzallik va kamchiliklarga ega. Ko‘p faktorli autentifikatsiya (MFA) eng yuqori xavfsizlikni ta’'minlasa-
da, uning qulaylik darajasi past. Biometrik autentifikatsiya xavfsizlik va foydalanish qulayligi
o‘rtasidagi muvozanatni saqlashda samarali bo‘lsa-da, qo‘shimcha apparat talab giladi. Xulg-atvor
autentifikatsiyasi esa tabiiy va qulay bo‘lishiga qaramay, ba’zi hollarda noto‘g’ri tanib olish ehtimoli

mavjud. Parol autentifikatsiyasi esa eng keng tarqalgan usul bo‘lib, eng ko‘p xatolik ehtimoliga ega.

Shu sababli quyidagi takliflar ilgari suriladi:
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1. Ko‘p faktorli autentifikatsiyani joriy etish - eng yuqori xavfsizlik talab qilinadigan
tizimlarda MFA ishlatilishi lozim. Bu foydalanuvchilarning shaxsiy ma’lumotlarini Biometrik
autentifikatsiya imkoniyatlarini kengaytirish — yuzni tanish, barmoq izi va ko‘z skaneri kabi biometrik

autentifikatsiya vositalarini joriy etish orqali xavfsizlikni oshirish mumkin.

2. Xulg-atvor autentifikatsiyasini rivojlantirish — foydalanuvchilarning klaviatura dinamikasi

va kursor harakatlari asosida autentifikatsiya tizimlarini takomillashtirish lozim.

3. Parol autentifikatsiyasidan iloji boricha voz kechish yoki uni mustahkamlash - oddiy
parollarning zaifligi tufayli kuchli parol siyosati va ikki faktorli autentifikatsiyadan foydalanish talab
etiladi.

4. Sun’iy intellekt asosida autentifikatsiya tizimlarini takomillashtirish - AI va mashinaviy
o‘rganish modellaridan foydalanib, foydalanuvchilarning autentifikatsiya ma’lumotlarini yanada

ishonchli himoyalash mumkin.

5. Blokcheyn texnologiyasidan  foydalangan  holda  xavfsizlikni  oshirish -
markazlashtirilmagan autentifikatsiya tizimlarini yaratish orqali shaxsiy ma’lumotlarning buzilish

ehtimolini kamaytirish mumkin.

Ushbu takliflar autentifikatsiya tizimlarining xavfsizligi va samaradorligini oshirishga,
foydalanuvchilarning shaxsiy ma’lumotlarini himoya qilishga yordam beradi. Kelajakda ushbu

yo‘nalishlar bo‘yicha qo‘shimcha tadgiqotlar olib borish magsadga muvofiq bo‘ladi.
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EVALUATION OF

THE ACTIVITIES

OF TRANSPORT
LOGISTICS COMPANIES
USING OUTSOURCING
SERVICES

bstract Purpose: This article aims to regulate the
selection process of a transport logistics company
using a decision matrix approach to evaluate
the performance of transport logistics companies using
outsourcing services. Research object: The research object
of this article is the process of selecting a transport logistics
company for outsourcing services. Research Design/
Methodology/Approach: The research design involves
creating a decision matrix with specific criteria needed to
evaluate transport logistics companies. These criteria may
include cost, reliability, quality of delivery, level of service,
and a high-risk factor, among others. Scientific novelty of the
study: This study contributes to the field of transport logistics
by proposing a systematic approach to selecting a transport
logistics company for outsourcing. Managerial Insights: The
article aims to provide managers with valuable insights into
the benefits, challenges, and best practices associated with
outsourcing logistics services by evaluating outsourcing
activities. Such insights allow for informed decision-making
and strategic management. Research Contribution: By
synthesizing theoretical information, the paper contributes
to existing knowledge on logistics outsourcing. It highlights
emerging trends, identifies gaps in current practices, and
suggests avenues for future research in this area. Using a
decision matrix, the study provides a scientific methodology
that can be replicated and applied by other researchers or
organizations looking to outsource their transportation
logistics services.
Keywords: outsourcing services, criteria evaluation,
partnership selection, transport logistics, decision matrix
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Introduction

Recently, logistics processes have been radically changing, so the outsourcing of services is of
strategic importance for companies seeking to earn more. However, it is not easy to choose when and
to which logistics operator to entrust the task. However, in general, companies have long been
abandoning self-sufficiency and adopting a specialization strategy as a way of joining forces in search
of higher levels of competitiveness, leaving activities that are not part of the core, or "core business."
Outsourcing transportation is one of the most frequent decisions in this trend, leaving transportation
in the hands of specialists in the function allows companies to devote themselves to their business and
reduce fixed costs, resulting in a competitive advantage. But this delegation is not without risks, so
different analytical tools play a key role in making the best decision. Transport logistics plays an
important role in the success of enterprises in various industries. It is very important to evaluate the
performance of a transport logistics company while ensuring efficient operations, economic
efficiency, and customer satisfaction. To simplify this process and make an informed choice,
companies use a decision matrix approach to evaluate potential transport logistics partners based on
predefined criteria. The Outsourcing Services Matrix involves creating a grid that lists relevant criteria
for evaluating transport logistics companies along the rows and potential service providers along the
columns. The criteria we choose allow us to entrust outsourcing services to evaluate the performance
of a transport logistics company. Companies will be able to assign a scale of importance to each
criterion based on its importance to delivery or business objectives. At the analysis stage, we will be
able to evaluate the transport logistics company on the basis of the established criteria and theft scale,
evaluate the company’s activities, and, at the same time, make the most optimal decision. The global
logistics landscape has undergone profound changes in recent decades due to globalization,
technological advancements, and evolving consumer demands. In this context, outsourcing has
emerged as a strategic lever for companies aiming to streamline operations, reduce costs, and increase
competitiveness. Transport logistics, a critical component of supply chain management, is
increasingly being outsourced to third-party providers to leverage specialized expertise and
infrastructure. However, choosing the right logistics partner remains a complex challenge, fraught

with risks such as service disruptions, hidden costs, and misaligned priorities.

The growth of outsourcing in logistics is underscored by market trends: a 2023 Gartner report
found that 78 percent of enterprises now outsource at least one logistics function, a 15 percent
increase over the past decade. Despite its widespread adoption, the logistics partner selection process
is often fragmented, relying on subjective judgments or oversimplified cost-benefit analyses. The
existing literature highlights gaps in systematic frameworks for evaluating providers, particularly in
balancing quantitative metrics (e.g., cost-effectiveness) with qualitative factors (e.g., reliability, risk
management). This study addresses this gap by proposing a decision matrix approach that combines

multi-criteria evaluation to optimize partner selection.
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By synthesizing theoretical concepts and empirical data, this study contributes to a structured
methodology for outsourcing decisions, combining academic rigor with practical application. A
decision matrix not only mitigates selection bias but also allows firms to align logistics partnerships

with strategic objectives, thereby increasing resilience in an increasingly volatile marketplace.

Materials and Methods

Scientists Li Y., Liu X., Chen Y. who carried out scientific work on the evaluation of outsourcing
services and transport logistics companies using the decision matrix method [1], Marttinez- Noya,
and G. Canal, E [2], Wang, J], Lin. Z K, and Huang, H [3], N. Oliviera [4], Julia, M [5], Y. M Franzil
(6], G. Marks, and Richards.G [7], Barnes J. P and Humphries C, P [8], Wu, C., and Zou, H. , and
Barnes [9], M. Irisbekova, V. Nazarova, and M. Turgunov. D [10], M, Irisbekova [11], Karabayev,
Eldar, and Sembiyeva. L, and Zeinelgabdin. A, B. Lyazzat, Pankou, and Dzmitry [12], M. Serikova,
and L. Sembiyeva [13], Y. A Buyanov [14], Yadav, G., Mangla, S. K., Luthra, S., Jakhar S [15], Alkhatib,
S. F., Darlington, R., Nguyen [16], Botir E, and Akmal. K, and Gaffor. S [17], A Kuziev, and M.
Jo‘rayev, and Z. Yusufkhonov, and Akhmedov D [18], Zokirkhan. Y, and Malik. R, and Akmal. K,
and Dilmurod. A [19], Botir, A. E., Davron, Y, and Tolgin. M, and Dilmurod. A [20], Natalya. S, and
Gaffor. S, and Ulugbek. S [21], Gaffor. S [22], Gaffor. S, and Dilmurod. A, and Zokirkhon. Y,
Isomiddin. A [23], Shermukhammedov. A, Jurayev. M, and Kenjayev. N [24], Shermukhammedov.
A, Jurayev. M, and Botir. E [25]. These scholars have developed best practices and strategies for
organizations seeking to optimize logistics operations through effective carrier selection processes
using the decision matrix method, Barnes matrix method, and Dornier matrix method. In our article,
we used a number of methods, including: comparative investigation: a comparison of the
performance indicators of transport logistics companies before and after the implementation of the
outsourcing strategy was carried out. Case Study: Capabilities and characteristics of members are used
as examples that characterize the analysis of studies that affect the results. Probability selection:
selection of transport logistics companies and document outsourcing partners to ensure
representativeness and general availability of findings. Quantitative analysis: Using statistical
methods to analyze numerical data related to cost savings, service quality, and operational efficiency,
our logistics companies selected in our concrete decision matrix were selected probabilistically, and

the results were theoretically evaluated by the authors.

Results and Discussion

First of all, we need to record the data considering the various factors that influence the selection
of the best alternative when evaluating the performance of a transport company using a decision
matrix. After that, we need to select the evaluation criteria that will help us find the most optimal

variant. These are: safety: number of accidents, incidents, and safety violations. Reliability: on-time
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delivery performance, adherence to schedules. Cost efficiency: transportation rates, fuel efficiency,
cost per mile. Geographic coverage: access, service area, access to key locations. Technology and
tracking capabilities: GPS tracking, real-time updates, digital platforms. Customer service:
responsiveness, communication, problem solving skills. From criteria such as environmental
sustainability: carbon footprint, emission reduction initiatives, we need to take at least 5 or 6 key
criteria that we consider essential. We then narrow down our list of possible transportation
companies: potential transportation service providers based on industry reputation,
recommendations, and research. Data Collection: We collect data about each transport company,
including their services, performance, fleet details, technology infrastructure, and customer reviews.
We need to rate each transport company on a scale (e.g., 1 to 5 or 1 to 10) that reflects whether the
delivery meets the agreed criteria for each criterion. Multiply the rating by the weight for each
criterion, and we calculate the total score for each transport company. To evaluate the best
alternatives, we rank transport companies based on their overall score. Final decision: We will be able
to reasonably select the transport company that best suits the organization's factors, problems, and

resources.

When considering carrying out a transport company performance evaluation using a decision
matrix, we should not exceed five options in order to consider the best alternatives for choosing a
transport company. The next thing we need to focus on is defining the criteria we consider important.
Here we include 5 cargo delivery transport logistics companies; we selected Swelinck Logistics,
Midland Trucking

Nomad Trans Services, Revo Tech Logistics Trucking, ST Logistics Services For outsourcing
services, we have selected the five most important criteria: cost, reliability, quality of delivery, level of

service, and high-risk factor.

By establishing these criteria, we can systematically evaluate each shipping supplier to find the
best fit for your production goals. enables effective decision-making. Now we will evaluate the
activities of the 5 transport companies that we have selected above on the basis of a (1-10) point scale,

according to each criterion, which is listed in the following table:
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Table 1. Indicators of selected logistics companies on some factors

Criteria
Company
Transportation Delivery Service High-risk-
name Reliability
costs quality level factor
Swelinck
8/10 4/10 7/10 6/10 5/10
Logistics
Midland
9/10 5/10 9/10 5/10 7/10
Trucking
Nomad
Trans 6/10 6/10 5/10 6/10 7/10
Services
Revo Tech
Logistics 5/10 7/10 9/10 4/10 9/10
Trucking
ST Logistics
6/10 6/10 5/10 9/10 9/10
Services

If we focus on the data in the above table, for example, we gave Swelinck Logistics 8 points out
of 10 for the service quality criterion because of the outdated inventory, and we gave Nomad Trans
Services 5 points out of 10 for the price criterion because of the delivery prices; it is very expensive

compared to other companies.

Based on the above table, we accepted the calculation of the theft coefficient on the basis of a
scale of (1-10) points, and from the 5 criteria we selected, we evaluated the most important ones as

higher and the ones we consider lower with lower scores, it is presented in the following table:
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Decision Matrix
Revo Tech ST
. Swelinck Midland Nomad evo. .ec o
Weight L. . . Logistics Logistics
Logistics Trucking Services . ]
Trucking Services
Cost 9 8 9 6 5 6
Reliability 8 5 7 6
Deli
cnvery 6 7 9 5 9 5
quality
Service level 7 6 5 6 4 9
High-risk-
5 5 7 7 9 9
factor
Total Scores

In the above table, we set the trust factor as the most important criterion as 10 points and we

did not consider the level of service to be very important, therefore we set this criterion with a 5-point

scale and the price as one of the important factors on an 8-point scale, and with this we formed the

table in the above form. Now, by multiplying the criteria of the above table by the coefficient of theft,

we get the general result, which is presented in the following table:

Table 3. Total points as a result of scoring

Decision Matrix
Revo Tech ST
. Swelinck Midland Nomad v o L.
Weight L. . . Logistics Logistic
Logistics Trucking Services ) )
Trucking Services
Cost 9
o 9*8=72 9*9=81 | 9*6=54 9*5= 45 9*6= 54
Reliability 8 8*4=32 8*5=40 8*%6=48 8*7=56 8*6=48
Deli
clvery 6 6*7= 42 6'9=54 | 6%5=30 6*9= 54 6*5= 30
quality
Service level 7 7%6=42 7*5= 35 7%6=42 7%4=28 7*9=63
High-risk-
18011 5 5*5=25 5*7=135 5*7=135 5*%9=45 5*9=45
factor
Total Scores 213 245 209 228 240
Results

It can be seen from the above table that the lowest performing enterprise in evaluating the
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performance of transport logistics enterprises based on the criteria we have selected is Midland
Trucking with 245 points. Cost Efficiency: Midland secured the highest score (81/90) in this category,
reflecting competitive pricing and fuel efficiency. However, its lower Service Level (35/70) suggests
potential trade-offs in customer responsiveness. Delivery Quality: With a near-perfect score (54/60),
Midland demonstrated exceptional consistency in on-time deliveries and minimal cargo damage.
High-Risk Factor: A moderate score (35/50) indicates vulnerabilities in risk mitigation strategies, such
as limited fleet diversification or inadequate contingency planning. ST Logistics Services (240 points):
Service Level: ST Logistics dominated this criterion (63/70), attributed to advanced customer
relationship management (CRM) systems and 24/7 support. High-Risk Factor: Tied with Revo Tech
(45/50), ST Logistics excelled in risk management, likely due to robust insurance coverage and

compliance with international safety standards.

Weakness: Lower Delivery Quality (30/60) stemmed from delays in last-mile logistics,
particularly in rural areas. Revo Tech Logistics (228 points): Delivery Quality: Matched Midland’s
score (54/60), leveraging Al-driven route optimization tools to enhance efficiency. Reliability: Despite
strong performance (56/80), recurring customs clearance delays in cross-border shipments reduced
its overall score. Cost Efficiency: The lowest score (45/90) reflects premium pricing for advanced
technologies, limiting affordability for cost-sensitive clients. Swelinck Logistics (213 points):
Reliability: The weakest performer (32/80), with frequent delays linked to outdated GPS tracking
systems and insufficient fleet maintenance. Service Level: Moderate performance (42/70) highlighted
gaps in real-time communication, a critical factor for time-sensitive industries. Nomad Trans Services
(209 points): Cost Efficiency: Low score (54/90) due to hidden surcharges and inflexible contract
terms. High-Risk Factor: Despite scoring 35/50, Nomad’s reliance on a single regional hub increased

exposure to supply chain disruptions.
Critical Observations:

Cost-Service Trade-Off: The inverse relationship between Cost and Service Level (e.g., Midland
vs. ST Logistics) underscores a market dichotomy: budget-focused firms prioritize operational

efficiency, while premium providers invest in customer experience.

Risk-Resilience Paradox: Companies excelling in High-Risk Factor (e.g., ST Logistics, Revo
Tech) often incurred higher operational costs, reflecting investments in insurance, training, and

redundant infrastructure.

Technology as a Differentiator: Providers with IoT-enabled tracking (Revo Tech) or CRM
platforms (ST Logistics) consistently outperformed peers in Delivery Quality and Service Level,

validating technology’s role in modern logistics.
Limitations:

Geographic Bias: All evaluated firms operate primarily in Central Asia, limiting generalizability
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to global markets.

Static Weighting: Fixed criteria weights may not adapt to dynamic factors like fuel price

volatility or geopolitical shifts.

Risk Mitigation: Companies operating in volatile regions should partner with Revo Tech or ST

Logistics to leverage their risk-resilient frameworks.

Technology Adoption: Firms lagging in Delivery Quality or Reliability (e.g., Swelinck) must

modernize tracking systems to remain competitive.

These results validate the decision matrix as a pragmatic tool for balancing quantitative and
qualitative factors in outsourcing decisions, enabling firms to align logistics partnerships with
strategic priorities. Future iterations could integrate dynamic weighting algorithms or sustainability

metrics (e.g., carbon neutrality) to address evolving industry demands.

Conclusion

The uniqueness and importance of this study lie in its innovative approach to selecting a
transport logistics company for outsourcing services. Applying an approach that combines theoretical
rigor with practical relevance, the study proposes a robust methodology that improves decision-
making processes in the context of transport logistics outsourcing. Our research on outsourcing
services and decision matrix summarization not only advances scientific understanding in the
transportation industry, but also provides practical insights that support operational efficiency and
strategic growth for business companies and logistics enterprises in many economic sectors. Using
the decision matrix for outsourcing services, companies can simplify the selection process and
determine the most suitable partner based on objective criteria. An analytical approach increases
transparency, reduces risks, and ultimately leads to more informed decision making. In order to
optimize transport logistics operations and achieve business goals, companies are advised to use a

systematic methodology when selecting a transport logistics provider.

This study advances logistics outsourcing research by introducing a systematic, criteria-based
decision matrix, filling a critical gap in partner selection methodologies. Key findings highlight the
importance of balancing cost effectiveness with risk tolerance, challenging the conventional
prioritization of short-term savings over long-term sustainability. For practitioners, the matrix offers
a repeatable tool for aligning outsourcing decisions with strategic objectives, developing partnerships
that enhance supply chain agility. For example, cost-focused firms might favor Midland Trucking,

while service-focused businesses might choose ST Logistics.

Future research should explore: Dynamic criteria: Integrating real-time data (e.g., fuel price
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volatility) through matrices that support IoT. Cross-regional comparison: Evaluating providers in
emerging and mature markets. Sustainability Integration: Incorporating environmental metrics (e.g.,
carbon footprint) as regulatory pressures increase. By combining theory and practice, this work not
only enriches the academic discourse but also equips managers with practical insights, ultimately

ensuring sustainable growth in the transport logistics sector.
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MOBIL AXBOROT
TARMOQLARIDA
KO‘PLAB KIRA OLISH
USULLARINING
QIYOSIY TAHLILI

nnotatsiya: Maqolada mobil axborot tarmog‘ining
Aumumiy otkazish qobiliyatini tahlil gilish asosida,
ko'plab kira olish usullarining tasnifi va qiyosiy tahlili
berilgan. Xususan, koplab kira olish usullari: tasodifiy kira
olish protokoli, kanal resursining qayd qilingan biriktirilish
protokollari, kanal resursini talab bo‘yicha tayinlash va
kombinatsion usullarning har birining oziga xos tomonlari
ko'rsatilgan. Radiokanalni kanal resursining qayd qilingan
biriktirilish protokollaridan foydalanib tashkil etishda har bir
texnologiyaning afzallik va kamchiliklari keltirilgan. Ko'plab
foydalanish usullari uchun chastotalar resursidan foydalanish
koeffitsiyentini hisoblash natijalari keltirilgan.
Kalit so‘zlar: mobil aloga tarmog‘, o‘tkazish qobiliyati,
chastotalar resursidan foydalanish samaradorligi, ko'plab kira
olish usullari.
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Kirish

Muammoning shakllanishi va adabiyotlarning tahlili. So‘nggi o‘n yilliklarda mabhalliy va
mintaqaviy (shahar) miqyosdagi telekommunikatsiya tarmoqlari sonining ko‘payishi kuzatilmoqda,
bu jarayonda simsiz aloqa texnologiyalaridan foydalanish tarmoq topologiyasining
moslashuvchanligini, shu jumladan mobil abonentlarni qollab-quvvatlash, loyihalash tezkorligi va
amalga oshirish xarajatlarining pastligini ta’minlashga xizmat qiladi [1-2]. Zamonaviy jamiyatda
mobil axborot tarmoglari (MAT) va texnologiyalari axborot (texnologik) iqtisodiyotini
rivojlantiruvchi va insonlar hayot sifatining yangi darajasiga o‘tishni tezlashtiruvchi rol o‘ynaydi.
Ko‘plab kira olish kanallaridan foydalanadigan texnologiyalar bozorida shubhasiz yetakchilar bu

mintaqaviy (shahar) va mahalliy tarmoglarning protokollaridir.

Xalgaro standartlashtirish, simsiz uskunalar ishlab chigarish va axborot uzatish tarmoglarini
joylashtirishning faol jarayoni an’anaviy ravishda fizik sath deb ataladigan vazifalarni birinchi o‘ringa
olib chiqadi. Natijada, uskunaning tezkorligi bir necha barobar oshadi va uning tuzilishi ham ancha
murakkablashadi. Biroq, muhitga (resursga) kira olishni boshqarish algoritmi ko‘pincha butun aloqa
tizimining “nozik joyi” bo‘ladi va uning potentsial ishlab chiqarishini sezilarli darajada kamaytirishi
mumkin [3-5]. Bu ko‘plab kira olish (multiple access) usullarini takomillashtirishning dolzarbligini

belgilaydi. Maqolaning maqsadi MATda ko‘plab kira olish usullarini giyosiy tahlil qilish.

Asosiy qism

Mobil axborot tarmoglarida kira olish usuli axborot tarmog‘ining asosiy ko‘rsatkichi - o‘tkazish
qobiliyatini aniglaydi. Hagiqatan ham, MATning umumiy o‘tkazish qobiliyati ishlatiladigan chastota
tagsimotlari soniga, chastota-hududiy resursni taqsimlash usuliga, chastota kanallaridan qayta
foydalanish imkoniyatlariga, radioto‘lginlarining tarqalish sharoitlariga, shovqinli muhitga va boshqa

omillarga bog'liq:

N N - =g
(s = Zizbl Zjil Cij(Nkr Piost Pduplr Ktak); (1)

bu erda, N, - tarmoqdagi tayanch stansiyalar soni; N, - bitta tayanch stansiyadagi sektorlar
soni; Ny — bitta tayanch stansiya (sektor)dagi kanallar soni; C;; - bitta sektorning o‘tkazish qobiliyati;
ﬁdost — kanallarga kira olish protokoli parametrlari vektori; ﬁdupl - kanallarni dupleks ajratish

parametrlari vektori; K;4), — chastotalardan takroran foydalanish koeffitsiyenti [6].

Har bir konkret MAT uchun (1) o‘tkazish qobiliyatini hisoblash tarmoq topologiyasini, yerning
xususiyatlarini, qurilishlar turini, radiotolqinlarining tarqalish xususiyatlarini, signal/shovqinning
energetik munosabatlarini, abonentlarning joylashishini va boshqalarni hisobga olishni talab giladi.
Modulyatsiya parametrlarini, kodlash, uzatkichning nurlatish quvvati, antennaning yo‘nalganlik

xarakteristikalari, signallarga ishlov berish usullari, sinxronizatsiya, kanallarga kirish protokollari,
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dupleksni ajratish parametrlarini tanlash orqali tarmoqning o‘tkazish qobiliyatini sezilarli darajada
oshirish mumkin. Signallarga ishlov berishning Blast, MIMO texnologiyalarili kanallarni CDMA va
OFDMA ajratish usullariga ega zamonaviy tizimlarda tarmoqning o‘tkazish qobiliyatini bir necha

barobar oshirish mumkin.

Hozirgi vaqtda ko‘plab kira olish (ko‘plab foydalanish)ning turli xil usullari qo‘llaniladi. Ular
kanalning umumiy resursini tagsimlash usuli (qayd qilingan yoki dinamik), qaror qabul qilish
jarayonlarining tabiati (markazlashtirilgan yoki tarqoq), shuningdek o“zgaruvchan sharoitlarga kirish
rejimiga moslashish darajasi bilan bir-biridan farqlanadi. Ko‘plab kira olishning barcha mavjud
usullarini guruhlash va tasniflash uchun asos sifatida umumiy kanal resursining tagsimlanishini

boshqarish usulini tanlash mumkin (1-rasm) [7-8].

Tasodifiy kira olish protokoli. Tasodifiy ko‘plab kira olishda aloqa kanalining umumiy resursi
kira olish tasodifiy yuz beruvchi bitta kanal sifatida taqdim etiladi, buning natijasida uzatiluvchi
axborot paketlarining to‘qnashuvi hosil bolishi mumkin. Nizolarni bartaraf qilish maqgsadida
talabgor foydalanuvchilarga belgilangan harakatlar ketma-ketligini amalga oshirishi tavsiya etiladi.
Har bir foydalanuvchi zaruriyat tug‘ilganda boshqa foydalanuvchilarning roziligisiz ham kanalga
ma’lumotlar uzatilishini amalga oshirishi mumkin. Teskari aloqaning mavjud bo‘lishi o“zaro
alogadagi (birgalikda ishlovchi) foydalanuvchilarga uzatiluvchi axborotning yetib kelganligini
nazorat qilish imkoniyatini beradi. Tasodifiy kira olish strategiyasini amalga oshirishning ikki varianti

mavjud: tashuvchisi nazorat qilinadigan va tashuvchisi nazorat qilinmaydigan.

Ko‘plab kira olish usullari

Resursni talab
bo‘yicha tayinlash

. .. | |FDMA CDMA
Tashuvchisi Tashuvchisi Tarqoq Markazlashgan

_ nazorat ‘nazorat TDMA SDMA boshgaruvli boshqaruvli
qilinmaydigan || qilinadigan

1-rasm. Ko‘plab kira olish usullari

Tashuvchisi nazorat qilinmaydigan tasodifiy kira olish shundayki, bunda ma’lumot uzatish
zarur bo‘lganda foydalanuvchi terminali darhol paketlarni uzatishni boshlaydi. Paketlar o‘zaro
sinxronizatsiyasiz uzatilishi hisobiga ustma-ust tushishi mumkin, bu esa o‘zaro xalaqitlarning kelib
chiqishiga sabab bo‘ladi. Teskari aloqa signali bilan tasdiglangan bunday xatoliklar vujudga kelsa,
terminallar xato (buzilgan) uzatilgan paketlarni qayta uzatadi. Xatoliklarning takrorlanishiga yo‘l
qo‘ymaslik uchun gayta uzatish boshlangunga qadar bo‘lgan oraliq har bir kanalda tasodifiy ravishda

tanlanadi.
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Tashuvchisi nazorat gilinuvchi tasodifiy kira olishda boshqa foydalanuvchilarning axborot
uzatishi mavjudligini nazorat qilish imkoniyati bor. Ma’lumot uzatilishi mavjud bo‘lmagan holda
band bo‘lmagan vagqtli oraliq o‘zining axborotini uzatish uchun ishlatiladi. Ma’lumotlar to‘qnashuvi
bolgan holda foydalanuvchilar paketlarining uzatilishi At vaqt intervaliga ushlab qolinadi
(kechiktiriladi). Hozirgi paytda protokolning ikkita turi mavjud: qat’iy va nogat’iy. Ular orasidagi farq
shundaki, birinchi holatda harakatdagi obyektlarning foydalanuvchilari ma’lumotlar to‘qnashuvini
aniglashi bilan uzatishni tezda boshlaydji, ikkinchi holatda esa ma’lum vaqt oralig‘idan keyin uzatishni
boshlaydi. Tasodifiy ko‘plab kira olish usulining kamchiligi “to‘qnashuv’ning mavjudligi bo‘lib,
uning ehtimolligi abonentlar sonining ko‘payishi va qo‘shimcha amallarning mavjudligi sababli

ortishiga, bu esa tarmoq umumiy o‘tkazish qobiliyatining kamayishiga olib keladi.

Kanal resursining qayd qilingan biriktirilish protokollari foydalanuvchilar o‘rtasida kanal

resursining statik tagsimotini ta’minlaydi.

Kanallarni chastota bo‘yicha ajratish bilan ko‘plab foydalanish (FDMA - Frequency Division
Multiple Access). Radiokanal uchun ajratilgan chastota polosasi nisbatan torroq bir nechta
polosalarga (subkanallarga) bo‘linadi, ular orasida himoya polosalari o‘rnatiladi. Radiokanalni

bunday tashkil etishda har bir abonentga o‘zining (alohida) chastotali subkanali ajratiladi.

Aloga seansi davomida kanallarni chastota bilan ajratish usulida har bir foydalanuvchiga
o‘zining spektr qismi ajratiladi. Amalda, har doim spektr samaradorligiga ta’sir qiluvchi qo‘shni kanal
xalaqitlari mavjud. Qo‘shni kanal xalaqitlarini kamaytirish uchun modulyatsiyaning yanada samarali

usullari qo‘llaniladi, filtrning ishlashi yaxshilanadi va himoya intervallari kiritiladi.

Ushbu usulning chastota resursidan foydalanish samaradorligi quyidagicha baholanadi:

k = Afyan/Af, (2)
bunda, Afy,, — kanalning chastota resursi; Af - tayanch stansiyasining chastota resursi.

Ushbu usulning keyingi rivojlanishi OFDMA - ortogonal chastota bo‘yicha ajratish bilan
ko‘plab foydalanishdir. Ushbu kirish usulida ortogonal chastota kanallari qisman bir-birining ustiga
tushishi mumkin, bu esa ajratilgan chastotalar resursidan yanada samarali foydalanish imkonini
beradi. OFDMA rejimidan foydalanadigan zamonaviy simsiz kirish tizimlarida bitta abonentga
odatda umumiy radiokanal ichida tagsimlangan (ya’ni qo‘shni bolmagan) bir nechta subkanallar
ajratilishi mumkin. Kanallarni chastota bo‘yicha ajratish bilan ko‘plab foydalanish usulining

kamchiligi chastotalar resursidan foydalanish samaradorligining pastligidir.

Kanallarni vaqt bo‘yicha ajratish bilan ko‘plab foydalanish (TDMA - Time Division Multiple
Access). Barcha abonentlar umumiy radiokanalda ishlaydi, lekin har bir abonent uchun ajratilgan har
xil (ozining) vaqtli oralig‘ida. OFDM/TDMA kabi kombinatsion ko‘plab kira olish usullari ham keng
qo‘llaniladi. Bunday holda, chastota-vaqt matritsasi shakllantiriladi, va har bir abonentga o‘zining

chastota-vaqt slotlari ajratiladi. Kanallarni vaqt bo‘yicha ajratish bilan ko‘plab foydalanishning
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kamchiligi chastotalar resursidan foydalanish samaradorligining pastligidir.

Kanallarni kod bo‘yicha ajratish bilan ko‘plab foydalanish (CDMA - Code Division Multiple
Access). Kod bo‘yicha kirish texnologiyasi psevdotasodifiy ketma-ketliklar yordamida
shakllantirilgan keng polosali signallarni qo‘llashga asoslangan. Ushbu usul bilan har bir abonent

uchun umumiy chastota diapazonida alohida kodlangan kanal hosil qilinadi [9-10].

Kanal resursining qayd qilingan biriktirilishi tarmoq foydalanuvchilarining dinamik

o‘zgaruvchan talablarini ta’minlay olmasligi mumbkin, ya’'ni qat’iy boshqarishga ega bo‘ladi.

Kanallarni fazo bo‘yicha ajratish bilan ko‘plab foydalanish (SDMA - Space Division Multiple
Access) quyidagi texnologiyalarga bo‘linadi:

e  MISO (Multiple Input Single Output) — qabul qilish uchun ko‘p elementli, uzatish uchun
bir elementli antenna tizimi;

e MIMO (Multiple Input Multiple Output) - qabul qilish/uzatish uchun ko‘p elementli
antenna tizimi;

e AAS (Adaptive Antenna System) - adaptiv antenna tizimlari.

Shu bilan birga, dastlabki ikkita texnologiyada har bir abonent uchun umumiy chastota
diapazonida alohida kodlangan kanallar hosil gilinadi, bu esa chastotalar resursidan samarali
foydalanishga imkon beradi. Ragamli antenna panjaralaridan (uchinchi texnologiya) foydalanish,
belgilangan algoritmga muvofiq qabul qilish uchun ham va uzatish uchun ham kerakli
yo‘naltirilganlik diagrammasini shakllantirishga imkon beradi (masalan, axborot uzatish manbai
yo‘nalishida antenna yo‘naltirilganlik diagrammasining maksimumini va shovqin manbai
yo‘nalishida minimumini shakllantirish), bu ko‘plab foydalanishning ushbu usuli imkoniyatlarini
sezilarli darajada kengaytiradi. Darhaqiqat, bu holda abonentlarni ajratishning fazoviy usuli (fazoviy
ko‘plab foydalanish) ta’'minlanadi. Biroq, bu juda ko‘p sonli fazoviy kanallarni tashkil gilishni va

natijada antenna panjarasining sezilarli katta geometrik o‘lchamlarini talab qiladi.

Kanal resursini talab bo‘yicha tayinlash kamchiliklardan xalos bo‘lishga imkon yaratadi,
ammo tarmoq foydalanuvchilarining talablari to‘g‘risida aniq va batafsil axborotga ega bo‘lishni talab
qiladi. Baza stantsiyasi abonent stantsiyalaridan gabul qilingan so‘rovlarga muvofiq ularga ma’lum

vaqt oralig‘ida kirish huquqini beradi.

Qaror qabullash jarayonining tabiatiga ko‘ra resursni talab bo‘yicha tayinlash usuli
markazlashgan va tarqoq usullarga bo‘linadi. Resursni talab bo‘yicha tayinlashning markazlashgan
usuli xabar manbai terminallari tomonidan uzatishga so‘rovning mavjudligi bilan xarakterlanadi.
Resursni taqdim qilish to‘g‘risidagi qarorni qabul qilish markaziy stansiya tomonidan amalga

oshiriladi.

Har bir harakatdagi obyektga qat’iy biriktirilgan zahira kanallarining mavjudligiga va markaziy

boshqaruv stansiyasining mavjudligiga muvofiq protokollar bir-biridan farqlanadi. Protokollar baza
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stansiyasi o‘tkazish qobiliyatidan foydalanish koeftfitsiyentining yuqori qiymati bilan xarakterlanadi,
biroq bu qiymat ganchalik yuqori bo‘lsa boshqarish tizimi ish faoliyatining buzilishiga olib kelishi

mumKin.

Resursni talab bo‘yicha tayinlashning tarqoq usuli shu bilan farglanadiki, bunda barcha
foydalanuvchilar markaziy stansiya yordamiga tayanmasdan turib bir xil (bitta) jarayonni
shakllantiradi va bir-biri bilan almashinuvchi qo‘shimcha xizmat axborotidan foydalanadi.
Tagsimlangan boshqaruvli barcha algoritmlar foydalanuvchilar o‘rtasida boshqaruv axborotlarini
almashishni talab giladi. Protokollar zahira kanallarining harakatdagi obyektga qat’iy biriktirilishi
bilan xarakterlanadi. Bunda har bir obyektda so‘rov kanallarining biriktirilish jadvali mavjud bo‘ladi,
natijada istalgan harakatdagi obyekt istalgan vaqt momentida barcha tarmoq holati to‘g'risida

axborotga ega boladi [11-12].

Kombinatsion usul resurs tagsimoti avvalgi usullarining kombinatsiyalaridan iborat bo‘lib,
foydalaniladigan kanal resurslarining optimalga yaqin bo‘lgan xarakteristikalarini olish maqgsadida
turli foydalanuvchilar uchun adaptiv (moslashuvchan) hisoblangan usulni tanlashdan iborat bo‘lgan
strategiyani amalga oshiradi. Optimallik mezoni sifatida kanalning o‘tkazish qobiliyatidan

foydalanish koeffitsiyenti qabul gilinadi.

Shunday qilib, resurs tagsimotining ko‘rib chiqilgan usullari har biri o‘zining afzallik va
kamchiliklariga ega. Amaliyotda barcha usullar to‘g‘risida ma’lumotga ega bo‘lish va ishchi
sharoitning ma’lum o‘zgarishida bir usuldan ikkinchisiga moslashuvchan o‘tishni amalga oshirish

magsadga muvofiq [6, 8].

Ba’zi ko‘plab foydalanish usullari uchun chastotalar resursidan foydalanish koeffitsiyentini

hisoblash natijalari 2-rasmda keltirilgan.
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2-rasm. Chastotalar resursidan foydalanish koeffitsiyenti

Yuqoridagi bogligliklardan kelib chiqadiki, fazoviy kanallarni ajratish bilan ko‘plab
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foydalanish eng yuqori samaradorlikka ega.

Ko‘plab foydalanish texnologiyalarining rivojlantirish istigbollari

Yagqin kelajakda bir nechta kirish texnologiyalari ganday rivojlanishi mumkinligi haqida bir oz
fikr yuritamiz. Hozirgi kunda an’anaviy vaqt va chastota resurslari xizmat ko‘rsatiladigan abonentlar
soni ko‘payganligi tufayli ozining imkoniyatlarini deyarli tugatdi. Shubhasiz, kelajakda quvvat, kod
va fizik makon bo‘yicha bo‘linadigan noortogonal usullar faol rivojlanishi va amalga oshirilishi kerak.
Xususan, kod bilan ajratilgan noortogonal usullarning keng sinfi (bu yerda birinchi navbatda
SCMAni ajratib ko‘rsatish kerak) va fazoviy ajratilgan ko‘plab kirish usullari (SDMA, BDMA) xizmat
ko‘rsatiladigan abonentlar sonini ko‘paytirish uchun katta imkoniyatlarni taqdim etadi. Bu yerda
cheklovlar foydalanuvchilar sonining ko‘payishiga proporsional kanallararo shovqinlarning ortishi
bilan bogliq. Amalga oshiriladigan maksimal foydalanuvchilar soni qabul qilingan signallar uchun

signal-shovqin nisbati bilan belgilanadi.

MIMO texnologiyasining rivojlanishi juda istigbolli bo‘lib, unda signallarni fazo-vaqt va fazo-
chastota bo‘yicha ajratish, shuningdek fazoviy ajratishni quvvat, kod, qutblanish va orbital bo‘linish

bilan birlashtiradigan yangi usullar qo‘llaniladi.

Xususan, yuqori spektral samaradorlikka fazo-vaqt kodlash algoritmlari, fazo-vaqt va fazo-
chastota indeks modulyatsiyasi, shuningdek, nurlarni ajratish bilan bir nechta kirish yordamida
erishiladi. Foydalanuvchilarni ajratish va radio efiriga ko‘p o‘lchovli kirishni ta’'minlash uchun bir
vaqtning ozida bir nechta resurs maydonlaridan foydalanadigan kombinatsiyalangan usullar eng
istigbolli ko‘rinadi.

Kelajakdagi ko‘plab kirish usullari dinamik va moslashuvchan bo‘lishi kerak, bu bizga u yoki bu
resurs maydonlarini hozirda xizmat ko‘rsatilayotgan foydalanuvchilar soniga, shovqin darajasiga,
signal tarqalish sharoitlariga va boshqa omillarga qarab moslashuvchan tanlash imkonini beradi.
Dasturiy ta’minot bilan belgilangan ko‘plab kira olish (SoDeMA) kontseptsiyasini amaliy amalga
oshirish yaqin kelajakda katta ehtimollik bilan kutilmoqda.

Xulosa

Shunday qilib, resurs tagsimotining ko‘rib chiqilgan usullari har biri o“zining afzallik va
kamchiliklariga ega. Olingan natijalar shuni ko‘rsatadiki, ko‘plab foydalanishning eng samarali
usullari kombinatsiyalangan (adaptiv) usullardir. Amaliyotda barcha usullar to‘g‘risida ma’lumotga
ega bo‘lish va ishchi sharoitning ma’lum o“zgarishida bir usuldan ikkinchisiga moslashuvchan o‘tishni

amalga oshirish magsadga muvofiq.

Istigboldagi ko‘plab kira olish sxemalari murakkablik va ishlab chiqaruvchanlik, energiya va
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spektral samaradorlik kabi ko‘plab qarama-qarshi ko‘rsatkichlar o‘rtasidagi o“zaro bogliglikni
hisobga olgan holda ishlab chiqilishi kerak. Kanal sharoitlari va tizim yuklamasi dinamik ravishda
o‘zgarishi mumkinligi sababli, ko‘plab kira olish sxemalari va ularning parametrlari aloga kanalidagi

sharoitga qarab optimallashtirilishi kerak.
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ADVANCING
EDUCATIONAL
METHODS THROUGH
ICT INTEGRATION

bstract: The article discusses the problems and
prospects of organizing distance learning in higher
educational institutions of Uzbekistan in the context
of the COVID-19 pandemic. Particular attention is paid to the
integration of information and communication technologies
and mobile technologies into the educational process, which
has significantly transformed teaching methods. The study
is based on the experience of introducing electronic test
materials into the educational process of the Urgench branch
of the Tashkent University of Information Technologies. The
use of interactive educational tests made it possible to activate
independent cognitive activity of students, as well as to
increase the efficiency of knowledge control and organization
of independent work. The methods of developing tests using
the LaTeX package and its acrotex library are described, which
ensures the creation of various types of tests that can take
into account the individual characteristics of each student.
The authors emphasize the importance of using electronic
test materials for monitoring and training, and also analyze
the impact of modern technologies on the development of
students’ professional skills. The presented results demonstrate
successful experience in integrating distance technologies and
emphasize their potential for further use in education.
Keywords: education systems, distance education, mobile
technologies, cloud technologies, knowledge control, test,
LaTEX, moodle.
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Introduction

At the beginning of 2020, Uzbekistan, along with the rest of the world, faced an unexpected
external factor that brought about a qualitatively new stage in the development of the state, society,
economy and education. World medicine turned out to be unprepared to fight the new virus, and
therefore the only more or less effective means of preventing the rapid development of the epidemic
was the maximum restriction of contacts between people, their self-isolation. In this situation, the
adequate response of the country's education system was the transfer of educational organizations to
a remote form of organizing the educational process. As a result, for the first time in its history, the
country's higher education system found itself in a fundamentally new situation when all educational
activities, including education management at all levels, were transferred to a remote format,
involving the organization of training using distance learning technologies. Unlike all previous
modernizations and reforms, this situation is characterized, firstly, by the coverage of the entire
education system of the country at all levels of its functioning; secondly, by the unexpectedness, the
absence of any special preliminary preparation for such a transition; thirdly, the simultaneous transfer

to a qualitatively different format of training.

In this context, it should be noted that in developed countries, the organization of distance
learning using information and computer communications has a long history. Accumulated

experience indicates two main directions of these processes:

¢ online education, which involves distance learning of formal higher education via the

Internet;

e open education, which means the creation of open educational resources for informal

education and possible use in formal education.

The Resolution of the President of the Republic of Uzbekistan dated September 26, 2017 No.
PP-3289 "On measures to further improve the system of training, retraining and advanced training
of public teachers" provides for the development of an educational and methodological base for
advanced training courses, improving the organization of training courses in both online and offline
formats. Particular attention is paid to the introduction of innovative scientific achievements, modern
pedagogical and information and communication technologies, as well as distance learning and the
expansion of independent learning in the education system. In connection with the above-mentioned
resolution, numerous distance courses have been created in Uzbekistan. However, the procedures of
external quality assurance common in the world, such as professional and public accreditation,
examination of educational programs, institutional examination and public accreditation, are still
rarely used in Uzbekistan. Nevertheless, there is a tendency to increase the number of audits and
certifications of management systems of organizations in the field of education. Therefore, the

strategic choice of the majority of Uzbek participants in the educational process is based on systematic
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internal work on quality management aimed at continuous improvement of education [1].

The rapid development of mobile and cloud technologies, especially popular among the
generation of "digital natives", has actualized a large number of scientific studies that convincingly
prove that the integration of mobile technologies into the educational process can significantly
transform it. For example, it is noted that the introduction of mobile technologies contributes to the
targeted consideration of the individual characteristics of each student and, accordingly, the
organization of autonomous learning. In addition, they provide students with freedom, that is, the
ability to work outside the classroom at any convenient time, make it possible to quickly diagnose
problems in the learning process, create a mobile interactive learning environment and provide
instant feedback, lead to the emergence of new forms of presentation of educational materials, help
create new formats of interactive tasks based on the use of augmented reality and geolocation

applications [2].

In the context of reduced hours for classroom work, teachers in higher education institutions
must organize their teaching activities in such a way as to motivate students to study such disciplines
as mathematics and develop professional skills. The problem of finding optimal didactic possibilities

of modern information technologies is becoming relevant.

Analysis of Sources

Many researchers, such as N.G. Maloshonok, J.S. Sahlin, A. Tsertsidis and M.S. Islam, who
study issues related to online education, note a positive relationship between students' involvement
in achieving educational goals and interacting with teachers and classmates and teachers' use of the
Internet and multimedia technologies. Online education is a new type of activity at this stage of
development, and therefore it is of interest to both teachers and students, thereby stimulating changes
and expansion of the practice of its use. The attitude towards this educational project is quite
contradictory. On the one hand, there is an optimistic point of view, considering this learning
mechanism as productive and meeting the needs of the modern era. A number of studies are
associated with forecasts about the prospects for the development of MOOC pedagogy, based on an
analytical study of existing learning outcomes [3]. On the other hand, experts also express pessimistic
sentiments, expressing distrust of this method of teaching in general [4] and pointing to the lack of

development of general pedagogical principles for the mass implementation of this technology [5].

Among the disadvantages of e-learning, the most important are the problem of self-
organization of students and the rigidity of the material taught. Disadvantages also include ignoring
the individual characteristics of the student, limitations in obtaining practical skills, dependence on

technical means, low quality of the material taught and control over the level of knowledge acquired

[6].
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The emergence of additional cognitive load. Cognitive load is understood as the amount of
mental memory required by the user to achieve the goal. According to I.G. Zakharova, working with
interconnected web pages involves performing a parallel series of actions: first, the student has to
assimilate the material read; second, keep in mind the logical chain of judgments when moving from

one hyperlink to another. As a result, the context of the problem being solved is expanded [7].

To improve the efficiency of students' academic performance, it is necessary to shift the center
of gravity of the educational process towards greater independence of students, to develop effective
technologies for teaching students’ rational methods of independent activity. In their studies,
scientists argue about the impact of training using modern information and communication
technologies on the development of students' independent work skills and higher learning outcomes,
that didactic tools in combination with ICT-based tools contribute to achieving better results. It is
believed that elements of interactivity, in particular educational tests, can be presented as an effective
didactic method of remote work for university students. Knowledge control is also one of the
important elements of organizing students' remote work. In the context of an electronic educational
environment, the issues of the effectiveness of using testing as knowledge control are becoming
extremely relevant, many researchers are engaged in the issues of constructing control tests and their

reliability. The issues of organizing automatic assessment of students’ work are also relevant.

Testing as a type of control of students’ educational and cognitive activity is considered in many
didactic works. In modern didactics, a test acts as a convenient and reliable tool for diagnosing and
monitoring the educational process. Issues of testing technologies related to substantive and

methodological filling.

There are different opinions among teachers about the use of testing in studying a discipline:
from a complete refusal to elevating it to the rank of a pedagogical panacea. As a rule, underestimation

of testing is based only on insufficient awareness of teachers [8].

Scientists believe that the development of interactive test materials solves several important

problems:

e promotes the activation of independent cognitive activity of students, while ensuring

their mobility,
e provides systematic control over independent work of students,
e expands the competencies of the teacher in the field of ICT technologies,
e increases the level of developed electronic educational and methodological complexes,

e at the same time frees up the teacher's time, which is important in the context of the

intensification of the work of a higher education teacher [2].

The aim of the study is to improve the efficiency of organizing students' distance learning in the
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process of studying the disciplines Calculus 1, 2, included in the training programs implemented in a

technical university, mainly by the Urgench branch of the Tashkent University of Information

Technology named after Muhammad al-Khwarizmi, and through the use of electronic test materials

of an educational and control nature in the educational process, containing elements of interactivity.

Materials and Methods of Research

Main research methods:

analysis of scientific literature on the problems of developing testing technology in
education, the problem of managing students' distance learning and the possibilities of

using modern information and communication technologies in education;

analysis and generalization of regulatory documents related to the educational process at

the university;

analysis of practice and experience in the field of studying mathematics in technical

universities;

analysis of the choice of environment for the implementation of test materials.

Discussion and Results

The essence of the complete mastery system used in distance education is expressed in the

following stages of work:

Formulation of diagnostic learning objectives.
Development of complete mastery standards.

Development of standards and tests to check the degree of mastery of educational

material.

Differentiation and individualization of students based on existing (before the start of

work on the complete mastery system) indicators.

Varying the time of training and learning. A noticeable increase in the share of time for

independent work.
Development of new educational materials based on the modular principle.
Development of assignments for self-monitoring for all modules studied.

Development of tests for pedagogical control of readiness for each module and for the

entire course.

Organization of independent work of students, during which the teacher collaborates with
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students to resolve educational difficulties that arise from time to time in individual students.

Correction of knowledge based on the results of self-monitoring. Testing [2].

To create tests, the authors chose the acrotex library, which is part of the LaTeX package. Let's
list the reasons why we chose acrotex. With the acrotex package, it is possible to organize quite a few
types of tests, the creation of which in MOODLE is quite labor-intensive, sometimes impossible. The
authors described the technology for creating such materials in their works [9]. It should be noted
that an important advantage of the acrotex package is the ability to check the correctness of the
solution and display the number of points scored. After that, the student can save the file with the
solutions and send it via LMS MOODLE to the teacher to familiarize themselves with the results of

his work. Since the file has the .pdf format, there is no way to "fake" the answer.
The LaTeX package is free;

LaTeXis the de facto standard for entering mathematical expressions not only in printed works,

but also in web publications, such as in LMS Moodle;

LaTeX allows you to easily enter complex mathematical expressions (fractions, matrices,
tensors, etc.); when using acrotex, entering an answer (even a numeric one) provides more options
for the user. For example, you can enter not only numbers with a decimal point, such as 0.333, but
also ordinary fractions, such as 11/13, and even special expressions, such as pi/2, sqrt(2), etc. in the

input field.

The mathematical functions in the answer, for example, sin(pi/4), In(3/2), 7A2+12/4, etc. the
answer can be symbolic, such as 5*x/3-15*x+12, In(sin(2x)+cos(3x)) etc. the input of tasks is more
convenient than constructing a test window in visual environments. It is much faster to type simple
text, which is a LaTeX file, than to manually place individual graphic primitives on the screen, and

LaTeX itself will neatly place everything on the page [9].

Educational test materials as didactic tools that promote better assimilation and memorization
of educational material. The compiled tests have the property of variability due to the inclusion of
tasks of different levels of complexity, which ensures differentiation of the learning process and allows

you to build an individual learning trajectory for each student.
The general structure of the test materials contains:
1. Theoretical material presented in the form of an interactive electronic lecture.
2. Examples of key problems with a fully substantiated solution.
3. Questions for self-assessment.
4. Educational interactive tests

5. Educational and control tests for independent completion by the student


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 Volume 2, Issue 2

(http://moodle.ubtuit.uz/mod/quiz/attempt.php?attempt=115105&cmid=40173).

Let us describe the technology of creating test materials using the example of the topic "Integral
calculus of a function of one variable". The topic covers the following issues: antiderivative; indefinite
integral; method of replacing a variable and the method of integration by parts; definite integral;

applications of definite integrals to geometry and mechanics.

The experimental platform for the study was http://moodle.ubtuit.uz/ "Urgench branch of the
Tashkent University of Information Technologies named after Muhammad al-Khwarizmi", on the
basis of which these materials were tested by the authors in the practice of teaching full-time and part-

time students.

The review of the topic begins with the study of theoretical material - lectures. Reports contain
definitions, basic theoretical provisions and evidence of the main facts. Then the student is offered
detailed examples of typical problems and test questions for self-assessment. After studying the theory

of the topic and test questions, the student must solve the test.

The tests compiled by the authors and used in their work are conventionally divided into
training and control. Training tests are aimed at practicing the main concepts, basic skills of action,
algorithms for the subject under consideration. The tasks included in the training test have different
levels of difficulty. The test consists of theoretical tasks, tasks aimed at memorizing the main features
of formulas or concepts, basic tasks on the topic, tasks requiring the restoration of missing movements

or establishing the correct sequence of actions.

Solving the training test is aimed at identifying gaps in the assimilation of the educational
material. Having solved the problem and entered the answer in the required form, the student
immediately sees the result of his actions in points. If an incorrect answer was entered, the test
provides the ability to view the errors and get acquainted with the detailed correct solution. Another
goal of the training test is to familiarize the student with the process and the assessment system. The

training test is presented in three versions of different levels of difficulty.

He solution of a training test is to identify gaps in the assimilation of the educational material.
Having solved the problem and entered the answer in the required form, the student immediately
sees the result of his actions in points. If the wrong answer is entered, the test allows you to view the
errors and find the correct solution. Another goal of training tests is to familiarize the student with
the process and the assessment system. The training test is presented in three versions at different

levels.

The next step in studying the topic is solving a control test. Such a test also performs an
educational function, so it can be called a training and control test. Testing does not include checking
errors and finding the correct solution. When completing control tasks, the student immediately sees

the test results in points, but does not see where exactly he made a mistake. The authors offer two
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options for using control tests in the learning process. The first is control tests as a tool and method

for organizing independent homework; the second is as a test in a classroom [10].

Control tests are compiled in many versions for each topic, each of which is presented in three
levels of difficulty. The student has the opportunity to choose the level of difficulty of the test, having

previously independently assessed the level of his readiness.

We will indicate the types of tasks that we used when creating tests and give examples of these

tasks.

1.  Closed form of test tasks. Such test buildings do not imply entering your own answer. The
test taker must choose the correct answer or several answers from the proposed ones. This type of

tasks also includes tasks to establish a correspondence or the correct sequence of actions.
The authors used the following tasks when constructing the test:
e with a choice of the only correct (or incorrect) answer from those offered,
e with an alternative choice,
e with a choice of several correct (or incorrect) answers,
e to establish a match,
e with a choice of the most correct answer,

e tasks requiring the restoration of the correct sequence of actions (the answer in such
problems is the correct set of numbers or letters indicating the next answer or action) or

tasks in the process of solving which it is necessary to restore the missing elements.

2. Open form of test tasks. This type of task implies that the test taker enters his answer

in a symbolic version.
The following were used:
e tasks requiring a numerical answer;
e tasks requiring an answer in the form of a symbolic expression;

e tasks requiring the addition of an answer in free form with restrictions on the answer

(numerical, symbolic).
The test materials and the tests themselves are designed as a file in .pdf format.

Here is an example: Calculate the indefinite integral:

X

f sin(vx + a) eVx p
Vx

Writing this task in
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LaTEX:\(\int\dfrac{\sin\left(\sqrt{x}+a\right)\mathrm{e}M\sqrt{x}}{\sqrt{x}} \)

Question "Drag into text" This test is a set of empty cells for missing text or sentences in the
form or words of the test. The test participant determines the correct set and sequence of words in
the sentence, selects the necessary words from the proposed options and drags them with the mouse
into the empty cells. In this case, you can add unnecessary options that complicate the task. The

authors use these types of questions in this article [11].
Brief instructions.

Go to the main page of the course you need (click on the course name in the list of available

courses).

On the course page, in the upper right corner, click the gear icon "Action Menu" and on the

page that opens, select the tab "Question Bank" -> "Questions".

From the drop-down list with the names of the Question Bank categories, select the category to

which the question you are creating will belong. Click the "Create a new question..." button.

In the window that opens, select the question type "Drag and drop into text". Click the "Add"
button.

In the "Question Title" field, type the initial part of the task wording to make it easier to find in
the general Question Bank. In the "Question Text" field, write the question text like: "[[1]] [[2]] [[3]]
([4]] [[5]]" or "Text [[1]] text [[2]] text [[3]] etc.”, then in the "Choice Options" section, enter the
correct words for the labels marked with numbers 1, 2, 3, 4, 5, etc. Add extra options if necessary. Set

a score for correct completion of the task or leave the default score. Be sure to enable answer shuftling
(check the box).

If necessary, add comments in the "General Feedback on the Question" field or set penalty

percentages and hints for each new attempt to complete the task.

After clicking the "Save Changes and Continue Editing" button, you will be able to preview the

created question.
Save the created question - the “Save” button at the bottom of the page.
Use the magnifying glass icon to view the added task and make adjustments if necessary.

In order to use the embedded JavaScript, you need to run Adobe Acrobat locally. To do this,
you must first save the .pdf file to disk, and then run Adobe Acrobat. Trying to run Adobe Acrobat

on the server is useless, since third-party macros are prohibited in browsers for security reasons.
The acrotex package is connected with the command:

\usepackage[xetex,unicode=true]{exerquiz}
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The next step is to connect the dljslib package to use JavaScript.
\usepackage[setSupport,ImplMulti,limitArith,indefIntegral]{dljslib}

To activate the task, you need to click the “start” button; to see the result, click the “stop” button.
After this, the “Answer” field will display the result in the form “Correct: X of Y” (see Fig. 1 and 2).

[E=a (Hasomme «Crapry oTBeTsTe Ha Bompoc, 3aTen HazamTe «CTomy.)

3 3 i r d.

3. (6anmsn: ) Burmeante neonpeaenennsi uHTerpan | o=, HCNOABIYA METOI HHTETPHPOBAHIA
no gactaM. B nyersie KieTkn novemaiite nponymennste Bpipakenis. B oxonuareasnom orsere
nonoxnTe xonctanty O =0

[ I [~ |

Orser: [ ] IlocMoTpeTs pemenie.

Figure 1. An example of a training task with symbolic input and the ability to view the solution

before entering the answer.

(HakmuTe «CTapT» OTBETHTE HA BOMPOC, 3aTeM HaAMHTE «CTom».)

3. (6anasr: 9) BeMHCAHTE HeonpeleTeHHsIH HETerpan [ Z45, HCMOTB3YA METO HHTErPHPOBAHHA
no 9acTAM. B MycTele KIeTKH NoMemaliTe NpoNymeHH ke BRpa&eHHs. B OKOHYATETBHOM OTBETE
nono&NTe KoHeTanTy ' = ()

fage _|v=C 3 du=C5 |
cosd s | dv = [duicosixp2 1 tanix) |

o - e =] - (oo ]+ o]

Bepro w3 9 [Kopperaps

Oteet: [ | TTocMOTPeTs PelmeHHe.

Figure 2. An example of a training task with symbolic input and the ability to view the solution after

entering the answer and pressing the “Stop” button.

Conclusion

The authors attempted to create materials that form a holistic system of knowledge, skills and
abilities on a given topic. The materials were tested on the site http://moodle.ubtuit.uz/ "Urgench
branch of the Tashkent University of Information Technology named after Muhammad al-
Khwarizmi". A lot of preparatory work was done to select theoretical and problem material. Test
materials are designed to partially compensate for the lack of classroom communication between the
teacher and the student, and therefore the authors place special emphasis on the problem material.
The tasks in the tests are selected in such a way that without serious study of the material, the student
cannot complete the task. The created electronic resource contains elements of interactivity. The
electronic resource differs from existing online services primarily in that its purpose is not only
control, but above all training, which involves deep and conscious study of the material in the smallest
details. Its peculiarity is that with the help of the existing tests, various learning skills and algorithms
are not only checked, but also practiced. The mathematics course at a technical university is quite
extensive. Providing students with a variety of educational multivariate materials on each topic at

least within one semester requires a lot of time and labor. At present, the authors have developments
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only on individual topics. Therefore, the authors believe that at present, the main methods of research
and diagnostics of the effectiveness of the materials being introduced are questionnaires, surveys, and

conversations with both students and mathematics teachers.

As shown by a survey conducted among students and teachers, about 86% claim that the use of

such test materials helps the student to study the subject and achieve the required educational level.

More than 92% of respondents noted that the use of the proposed materials stimulates regular

student study, since the completion of educational test assignments was organized in deadline mode.

Among the advantages of this resource, teachers noted the possibility of an individual approach
to learning, the ability to track the progress of the educational process, as well as quickly and

objectively control this process.

Also, as a plus, it was noted that the resource does not depend on the availability and speed of
the Internet connection. Based on the positive experience of testing the developments presented in
the article, the authors intend to continue working on the creation of electronic learning resources,

including thematic interactive test materials.
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XIZMAT KO‘RSATISH
USULLARINING TIZIM
SAMARADORLIGIGA
TA’SIRINI ANIQLASH

nnotatsiya: Ushbu maqolada xizmat ko'satish
Ausullarining tizim samaradorligiga bolgan ta’siri
organiladi. Tadqiqot doirasida asosan ikki xil xizmat
tartibi - birinchi kelganga birinchi xizmat (FIFO) va ustuvorlik
asosidagi xizmat ko'rsatishning so'rovlar intensivligi oshganda
tizimga qanday ta’sir qilishi tahlil qilinadi. Tadgiqot natijalariga
ko'ra, FIFO usuli navbatdagi sorovlarni oqgilona tartibga solib,
nisbatan barqgaror kutish vaqtlarini kafolatlasada, intensivlik
yuqori bollgan vaqtlarda sorovlarni rad etish darajasi oshadi.
Ustuvorlik orqali xizmat ko'rsatish tizimlarida esa muhim
sorovlarga xizmat koTsatish tezroq amalga oshiriladi, ammo
past ustuvorlikdagi sorovlarning kutish vaqti keskin uzayishi
xavfl yuzaga keladi. Shuningdek, tadqiqotlar natijalarida,
xizmat koTsatish usullarining afzalliklari va kamchiliklari,
shuningdek, har bir usuldagi kutish vaqtlarining oshishi bilan
bogliqg muammolar yoritiladi.
Kalit sozlar: Xizmat ko'rsatish usuli, FIFO, Ustuvorli
xizmat ko'rsatish, kutish vaqti, sorovlarga rad etish va xizmat
ko'rsatish
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Kirish

Xizmat ko‘rsatish tizimlari zamonaviy iqtisodiyotning muhim bo‘ginlaridan biri hisoblanadi.
Ularning samaradorligi transport, aloga va xizmat ko‘rsatish sohalarida alohida ahamiyatga ega.
Bugungi kunda xizmat ko‘rsatish tizimlaridagi rivojlanishlar bilan birga tizimlarda so‘rovlar
intensivligi oshib bormoqda, bu esa xizmat ko‘rsatishni kutish vaqtining uzayishi va so‘rovlarning rad
etilishiga olib kelmoqda. Odatda xizmat ko‘rsatish jarayonlarida FIFO yoki ustuvorlik asosidagi
xizmat ko‘rsatish usullari keng qo‘llaniladi. FIFO usuli bilan xizmat ko‘rsatishda so‘rovlarni kelish
tartibida qabul qilish xizmat ko‘rsatish tizimidagi yuqori yuklama vaqtlarida resurslarning band
bo‘lib, navbatlarning uzunlashishiga olib keladi. Ustuvorlik asosidagi xizmat ko‘rsatish usullarida esa
muayyan foydalanuvchilarga yokiso‘rovlarga tezroq xizmat ko‘rsatishni kafolatlanganligi sababli
keng qo‘llanish amalga oshirilmoqda. Biroq yuklamaning keskin ortishi barcha xizmat ko‘rsatish
usullarida ham so‘rovlar tirbandligi muammosini kelib chiqishiga va so‘rovlarni rad etilishining
ortishiga olib kelmoqda. Mazkur maqolada xizmat ko‘rsatish usullarining tizim samaradorligiga
ta’siri tahlil qilinib ularning afzallik va kamchiliklari hamda kutish vaqtining ortishi bilan bog‘liq

muammolar tahlil gilinadi.

Tadqiqot metodologiyasi

Xizmat ko‘rsatish tizimlari, FIFO va ustuvorlik asosidagi xizmat ko‘rsatish usullari hagida
mavjud ilmiy adabiyotlar tahlil qilindi. Bu manbalar xizmat ko‘rsatish jarayonlaridagi kutish vaqtlari,
shuningdek, so‘rovlarga rad etish holatlari haqida ma'lumotlar taqdim etdi. FIFO va ustuvorlik
asosidagi xizmat ko‘rsatish usullarini matematik model sifatida ifodalash. Ushbu modellar yordamida
kutish vaqtlarini va xizmat ko‘rsatish ko‘rsatkichlarini hisoblash imkoniyati yaratildi. Olingan
natijalar statistik usullar orqali tahlil qilindi. Bunda, so‘rovlar intensivligi ortganida kutish
vaqtlarining o‘zgarishi va so‘rovlarga rad etish holatlari o‘rganildi. Xizmat ko‘rsatish jarayonlaridagi
o‘zgarishlarni vizual tarzda ko‘rsatish uchun grafiklar tayyorlandi. Bu grafiklar yordamida har bir
usulning afzalliklari va kamchiliklarini osonlik bilan aniglash mumkin bo‘ldi. Ushbu materiallar va
metodlar tadgiqot jarayonida xizmat ko‘rsatish usullarining samaradorligini baholash va ularning

tizimga ta’sirini aniqlashda muhim ahamiyatga ega bo‘ldi.

Tahlil va natijalar muhokamasi

So‘rovlarga masofadan xizmat ko‘rsatish tizimlarida so‘rovlarga aksariyat hollarda ularning
tizimga kelish tartibida ya’ni FIFO usulida xizmat ko‘rsatish amalga oshiriladi. Ushbu usulda xizmat
ko‘rsatish tizimga kelayotgan so‘rovlar intensivligi ortgan taqdirda, ularning xizmat ko‘rsatishni
kutish vaqtlarini ortishiga olib keladi. Chunki, tizimdagi xizmat ko‘rsatish vositalarining uzoq vaqt

ma’lum so‘rovlar bilan band bo‘lishi, kutish joylaridagi so‘rovlarni xizmat ko‘rsatishga qabul
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qilinishini kechiktiradi.

12000
10000 /
g 8000 —-FIFO usulida o'rtacha kutish
; vaqti
3
g 6000
ﬁ 7
£ 4000
-
2000
0 T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09
A

1-rasm. FIFO orqali xizmat ko‘rsatishda so‘rovlarni xizmat ko‘rsatishni kutish vaqtlari

Ushbu 1-rasmdagi grafikdan ko‘rish mumkinki, so‘rovlarning tizimga kelish intensivligi ortgan
sari so‘rovlarning xizmat ko‘rsatishga qabul qilishni kutish vaqtlari tobora ortib boradi. Bu esa
tizimning kutish qurilmalarini ham band holda qolishiga sabab bo‘ladi. Bu oz navbatida tizimga

yuborilayotgan so‘rovlarning tizim to‘liq band ekanligi sababli rad etilishiga olib keladi (2-rasm).
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2-rasm. So‘rovlar intensivligi yuqori vaqtlarda FIFO usulida xizmat ko‘rsatilganda tizimning

so‘rovlarga xizmat ko‘rsatish va rad etish ko‘rsatkichlari

2-rasmdan ko‘rish mumkinki, barcha so‘rovlarga tizimga kelish tartibida doimiy ravishda
xizmat ko‘rsatish tizimga kelayotgan so‘rovlar intensivligi yuqori bo‘lganda so‘rovlarning katta qismi
tizimga qabul qilinmasligiga olib keladi. Shu bilan birga, qabul qilingan so‘rovlarning kutish vaqtlari

ortishi va xizmat ko‘rsatish qurilmalarini uzoq vaqt so‘rovlar bilan uzluksiz band bo‘lishi tizimdagi
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so‘rovlarning ham katta qismiga xizmat ko‘rsatilmasdan rad etilishiga sabab bo‘ladi.

Shu sababli, so‘rovlarga FIFO usulidan boshqa xizmat ko‘rsatish usullari yuqori intensivlik

bilan ishlovchi turli tizimlarda keng qo‘llaniladi.

Xususan, ustuvorlik asosida so‘rovlarga xizmat ko‘rsatish usullari shular jumlasidandir.
Ustuvorlikka asoslangan xizmat ko‘rsatish usullari ozining foydalanuvchilarga tizimdagi har qanday
yuklanish vaqtlarida samarali xizmat ko‘rsatish kafolatini berishi, ustuvorlikka ega foylanuvchilar
uchun xizmat ko‘rsatish vaqtlarini ham gisqa bo‘lishini ta’'minlashi bilan mashxur hisoblanadi. [0 - 7
] tadgiqotlarda keltirilgan usullar ham so‘rovlarga xizmat ko‘rsatish uchun aynan ustuvorlikka
asoslangan xizmat ko‘rsatishni taqdim etadi. Ushbu tadgiqot ishlarida keltirilgan usullarda xizmat
ko‘rsatishdagi ustuvorliklar bir-biridan ustuvorlik belgisi, xizmat ko‘rsatishni amalga oshirish
tartibini orqali farglanadi. Lekin, keltirilgan tadgiqotlarning barchasida ustuvorlikning doimiy
ekanligi va xizmat ko‘rsatishning ham doimiy ravishda ustuvorlikka asosan amalga oshirilishi
tadqiqot ishlarini bir guruhga birlashtiradi. Ushbu usullarning tahlillari shuni ko‘rsatadiki, ustuvorlik
asosida xizmat ko‘rsatish yuqorida ta’kidlanganidek, ustuvorlikka ega foydalanuvchilar uchun gisqa
xizmat ko‘rsatish vaqtlarini va xizmat ko‘rsatishning yuqori samaradorligini taqdim etadi. Lekin,
ustuvorlikka ega bo‘lmagan foydalanuvchilar uchun uzoq kutish vaqtlarini va xizmat ko‘rsatishning

kafolatlanmaganligi muammosini keltirib chiqaradi (3-4-5-rasmlar).
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3-rasm. Ustuvorlik orqali xizmat ko‘rsatishda so‘rovlarni xizmat ko‘rsatishni kutish vaqtlari.
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4-rasm. So‘rovlar intensivligi yuqori vaqtlarda ustuvorlik usulida xizmat ko‘rsatilganda tizimning

so‘rovlarga xizmat ko‘rsatish va rad etish ko‘rsatkichlari.
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5-rasm. Ustuvorlik usulida xizmat ko‘rsatilganda ustuvorlikka ega va ega bolmagan so‘rovlarga

xizmat ko‘rsatish ko‘rsatkichlari.

Grafiklardan ko‘rish mumbkinki, so‘rovlar intensivligining ortishi FIFO usulidan farqli ravishda
ustuvorli va ustuvorlikka ega bo‘lmagan foydalanuvchilar uchun turlicha kutish vaqtlarini keltirib
chigaradi. Biroq intensivlik oritishi bilan barcha so‘rovlarining xizmat ko‘rsatishni kutish vaqtlari
ortib boradi. Bunda ustuvorlikka ega so‘rovlar uchun kutish vaqtlari qisqaroq, ustuvorlikka ega
bo‘lmagan so‘rovlar uchun, ustuvorlikka ega so‘rovlarga nisbatan bir necha barobar ko‘p bo‘lishini
ko‘rsatdi. Shuningdek, ustuvorlikka ega va ega bo‘lmagan so‘rovlar uchun xizmat ko‘rsatish

ko‘rsatkichi ham turlicha bo‘ladi. Chunki, aksariyat ustuvorlik orqali xizmat ko‘rsatish usullarida
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ustuvorlikka ega so‘rovlar kutish joylaridagi so‘rovlarni qayta tartiblash yoki maxsus ma’lumotlar
tuzilmalaridan foydalanish orqali doimiy ravishda navbat boshiga joylashtiriladi (6-rasm). Bu esa
navbatdan xizmat ko‘rsatishga doimiy ravishda birinchi bo‘lib ustuvorlikka ega so‘rovlarni qabul

qilinishini anglatadi.

Qayta tartiblangandan keyin kutish

Kutish joylari e L .
oy jovida so’rovlarning joylashuvi

Simsiz |Simsiz | Simsiz|Simsiz| Sim | Sim S Simsiz Simsiz |Simsiz | Simsiz| Sim | Sim | Sim

AANAN _/
)

DEOEH@E o @

Xizmat ko‘rsatish qurilmalari

6-rasm. Ustuvorlik usullarida so‘rovlar navbatini tartiblash jarayoni

Tizimdagi yuqori intensivlik vaqtlarida xizmat ko‘rsatish vositalari va kutish joylarining to‘liq
band bo‘lish holati ushbu usullarda ham kuzatiladi. Shu sababli, ba’zi ustuvorlik usullari orqali
so‘rovlarga xizmat ko‘rsatishda ustuvorlikka ega so‘rovlarni yo‘qotishni gisqartirish maqsadida kutish
joylaridagi ustuvorsiz so‘rovlarni kutishdan chigarish va uning o‘rniga ustuvorli so‘rovni joylashtirish

mexanizmi qo‘llaniladi [2] (7-rasm).

o ] Kutishdagi so’rov almashtirilgandan keyin kutish
Kutish joylari joyida so’rovlarning joylashuvi

Simsiz Simsiz Simsiz | Simsiz Sim | Sim »'Simsiz [Simsiz |Simsiz |Simsiz| Sim | Sim | Sim
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///// 5

Xizmat ko‘rsatish qurilmalari

7-rasm. Kutish joylaridagi ustuvorsiz so‘rovlarni ustuvorli so‘rovlar bilan almashtirish jarayoni

Biroq barcha turdagi xizmat ko‘rsatish usullarining o‘ziga xos afzallik va kamchiliklari mavjud.
Tahlillarimiz shuni ko‘rsatdiki, ustuvorlik orqali xizmat ko‘rsatishda kutish joyida ustuvorlikka ega
bolmagan so‘rovlarning to‘planib qolishi tizimda kelayotgan yangi so‘rovlarni qabul qilinishini
qisqartiradi (8-rasm). Shu bilan birga, ustuvorlikka egaligi yoki ega bo‘lmaganligiga bogliq turli
kutish vaqtlari ham tizimdagi so‘rovlarning o‘rtacha kutish vaqtlarini FIFO usuliga qaraganda

yugqoriroq bo‘lishiga olib keladi (9-rasm).
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8-rasm.Ustuvorli va FIFO orqali xizmat ko‘rsatish usullarida tizim to‘liq band bo‘lishi sababli

so‘rovlarning rad etilish ko‘rsatkichi.
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9-rasm. Ustuvorli va FIFO orqali xizmat ko‘rsatishda so‘rovlarni xizmat ko‘rsatishni kutish vaqtlari
tahlili

Xulosa

Xulosa sifatida aytish mumkinki, FIFO usulida intensivlik ortishi bilan o‘rtacha kutish

vagqtlarini va rad etish sezilarli darajada oshadi, bu esa tizimning umumiy samaradorligini pasaytiradi.

Ustuvorlikka asoslangan usullarda ustuvor foydalanuvchilar so‘rovlari uchun xizmat vaqtlarini

qisqartiradi, ammo ustuvorlikka ega bo‘lmagan so‘rovlar uzoq kutishga va xizmat ko‘rsatish
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kafolatsizligi bilan yuzlashadi.

Ba’zi ustuvorlik mexanizmlarda (so‘rovlarni almashtirish, qayta tartiblash) kutish joylaridagi

ustuvorsiz so‘rovlarni filtrlash va ustuvor so‘rovlarga joy bo‘shatish orqali xatoliklar kamaytiriladi.

Biroq har bir usulning afzallik va kamchiliklari mavjud bo‘lib, so‘rovlarning intensivligi ortishi
har bir tizimda ham kutish vaqtlarining ortishiga va samaradorlikning pasayishiga olib keladi. Hamda
ushbu bir xil tartibga asoslangan xizmat ko‘rsatish usullari tizimdagi so‘rovlar tirbandligi

muammosini yechish uchun samarali hisoblanmaydi.
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S-BOXLARNI
GENERATSIYALASH
ALGORITMI

nnotatsiya: Ushbu maqolada dinamik vakalitgabog‘liq
bolgan S-boxlarni generatsiyalash uchun samarali va
innovatsion algoritm taklif etilgan. Taklif etilgan usul
oqimli shifrlash algoritmlarining mustahkamligini oshirish va
ularning kriptotahlilga chidamliligini baholashga qaratilgan.
Tadqiqot doirasida generatsiyalangan S-boxlarning xavfsizlik
xususiyatlari tahlil qilinib, ular differensial va chiziqli
kriptotahlil usullari yordamida sinovdan o‘tkazilgan. Natijalar
shuni koTsatadiki, taklif qilingan dinamik S-boxlarni
yaratish usuli shifrlash algoritmlarining kriptografik kuchini
sezilarli darajada oshiradi va noxush hujumlarga nisbatan
himoyalanganligini taminlaydi. Ushbu yondashuv zamonaviy
axborot xavfsizligi talablariga javob beruvchi samarali
shifrlash tizimlarini yaratishda muhim ahamiyat kasb etadi.
Kalit sozlar: Oqimli shifrlash, Blokli shifrlar, S-box,
chiziqli trigonometrik transformatsiya, kriptotahlil.
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Kirish
Ogqimli shifrlar odatda bir iteratsiyada bit yoki baytni shifrlashni amalga oshirib, kam hisoblash
resursi mavjud va ma’lumotlarni uzatishda xatoliklar kuzatilishi mumkin bo‘lgan sharoitlarda
foydalanish uchun moljallangan. Blokli shifrlar esa ma’lumotlarni o‘zgartirishni oldindan
belgilangan uzunlikdagi bitlar blokida qayta ishlash orqali amalga oshiradi. Amalga oshirishning
qulayligi va joylashtirishning soddaligi tufayli blokli shifrlar odatda axborot xavfsizligi ilovalari uchun
keng qo‘llaniladi [1].

Blokli shifrlar ma’lumotlarni himoyalashda o‘rin almashtirish va o‘rniga qo‘yish deb
nomlanuvchi ikkita asosiy akslantirishlar yordamida amalga oshiradi. O‘rin almashtirish akslantirishi
ma’lumotlar bitlari yoki baytlarini aralashtirishni, o‘rniga qo‘yish akslantirishi ochiq matn bitlari yoki
baytlarini ochiq matnning bir qismi bo‘lmagan boshqa bitlar yoki baytlar bilan almashtiradi. Eng
mashhur blokli shifrlarda o‘rniga qo‘yish akslantirishi sifatida bir yoki bir nechta almashtirish
jadvallaridan (S-boxlar) foydalaniladi[2]. S-box zamonaviy blokli shifrlarning muhim tarkibiy qismi
bo‘lib, haqigiy ma’lumotlarning (ochiq matn) o‘zgarishiga katta hissa qo‘shadi. S-box ochiq matn va
shifrlangan matn o‘rtasida chizigli bo‘lmagan aloqani yaratishda muhim rol o‘ynab, bu blokli
shifrlarning chiziqli bo‘lmagan tarkibiy qismi hisoblanadi va chizigli ishlaydigan, himoyaga kamroq
hissa qo‘shadigan tegishli blokli shifrning boshqa tarkibiy qismlariga nisbatan kriptotahlilchilar
uchun natijaviy shifrlangan matnda ko‘proq chalkashliklarni keltirib chiqaradi[3]. Shunday qilib,
tuzilmasida S-boxdan foydalanadigan shifrlash algoritmlarining xavfsizligi, kriptotahlillarga qarshi

tura olishi tegishli S-boxning kriptografik parametrlariga bevosita bogliqdir [4-5].

Asosiy gism

Shifrlashda ishlatiladigan S-boxslar statik va dinamik ko‘rinishda bolib, har bir tasodifiy giymat
uchun har doim doimiy qiymatga ega bo‘lgan S-box statik S-box deb nomlanadi. O tarkibida statik
S-boxdan foydalanadigan shifrlar ma’lumotlarni yetarli darajada himoya qilmaydi degan farazlar ham
mavjud bo‘lib, bu hujumchilarni qandaydir vositalar orqali bunday S-boxlar hagida ma’lumot olish
imkoniyatiga egali va oxir-ogibat ochiq matnni tiklashi mumkinligi bilan izohlanadi[6]. Dinamik S-
boxlar shifrlash kaliti yordamida yaratilib, belgilangan talablar doirasida ishlab chigilgan dinamik S-
boxlar kriptografik xavfsizlikni kuchaytirish uchun juda katta imkoniyatga ega. Shuning uchun
tadqiqotchilar tegishli shifrlash kaliti qgiymatlaridan foydalangan holda yaxshi kriptografik
xavfsizlikni ta’'minlovchi dinamik S-boxlarni qurishning turli usullarini taqdim etganlar[7]. Ushbu
usullarda S-boxlarni loyihalashda elliptik egri chiziglar, chekli maydon, xaotik tizimlar va boshqalar
kabi turli xil matematika elementlaridan foydalanilgan. Xaotik dinamik tizimlar tasodifiy o“xshashligi,
ekstremal boshlang‘ich sharoitlarning sezgirligi va davriy emasligi tufayli xavfsiz S-boxlarni yaratish
imkoniyatiyatiga ega. Ko‘plab mualliflar [8] turli usullarni qo‘llash orqali kuchli S-boxlarni yaratish

uchun xaotik tizimlardan foydalangan. Giperxaotik tizimlar oddiy xaotik tizimlarga qaraganda
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mustahkamroq S-boxlarni qurish imkoniyatiga ega bo‘lib, [9] manbalarda mualliflar giperxaotik

usullardan foydalangan holda mustahkam dinamik S-boxlarni generatsiyalagan.

Ushbu uslub juda oddiy va innovatsion chizigli trigonometrik transformatsiyaga (ChTT)
asoslanadi. Taklif etilayotgan ChTT dinamik bo‘lib, 8x8 o‘lchamdagi S-boxni generatsiyalash
imkonini beradi. S-boxning dastlabki natijalari uning xavfsizligini oshirishning yangi sxemasini
qo‘llash orqali yanada yaxshilanadi. Tabiatan dinamik bo‘lib, transformatsiya va ishlashni yaxshilash
rejasi generatsiyalashda turli parametrlar ozgaruvchilardan foydalanadi va shifrlash kaliti tegishli
parametrlarning qiymatlarini ishlatadi[10-11]. Shifrlash kalitining o‘zgarishi parametrlar

giymatlarida o‘zgarishlarga olib keladi va har safar yangi S-box hosil bo‘lishini ta’minlaydi[12].
Taklif etilgan usulning o‘ziga xos xususiyatlari quyidagilardan iborat[13-15]:

- Dastlabki S-box generatsiyasi uchun oddiy, innovatsion va dinamik chiziqli trigonometrik
transformatsiya (ChTT) taklif gilingan. Transformatsiya tabiatan dinamik bo‘lganligi sababli, u
parametrlar qiymatlarida ozgina o‘zgarishlar kiritilganda ham juda ko‘p sonli mustahkam S-boxlarni
ishlab chiqarish imkoniyatiga ega.

- Innovatsion ChTT tomonidan yaratilgan dastlabki S-boxning chizigli bo‘lmaganligini,
improvizatsiya qilish uchun yangi va dinamik jarayon yordamida ishlab chiqilgan yakuniy S-box
kriptotahlilchilar uchun shifrlangan matnda qo‘shimcha chalkashliklarni keltirib chiqarishi
mumkinligi.

- Olingan S-box va manbalarda keltirilgan boshqa keng tarqalgan S-boxlarning kriptografik
parametrlarini baholash uchun standart S-boxlarni umumiy kriptografik talablarga baholash usuli
orqali baholanganligi.

Taklif gilingan yangi algoritmda dinamik chiziqli trigonometrik transformatsiyadan (ChTT)
foydalanish orqali n x n olchamli S-box yaratiladi. Ushbu yangi transformatsiya (1) tenglamada

berilgan funksiya shaklidagi matematik tavsifga ega.
T(z) =cos((A+B)*X*z+C) (1)
Bu yerda, 0<X<1,0<z<2"-1,B€eZAC={135,..,2" -1}

(1) tenglikdagi A, B, C va X o‘zgaruvchilar giymatlari bo‘lib, shifrlash kaliti yordamida hosil
qilinadi. X o‘zgaruvchisi double tipga ega va taklif qilingan usul yordamida S-box yaratish uchun 15
ta muhim o‘nlik raqam ko‘rib chiqilgan. Bunday o‘zgaruvchidan foydalangan holda hisoblash float
turiga qaraganda biroz sekin. Biroq, bu S-box loyihasiga float tipidagi o‘zgaruvchilar bilan
solishtirganda katta kalit maydoni beradi. (1) tenglik yuqorida aytib o‘tilgan parametrlarning turli
giymatlaridan foydalangan holda juda ko‘p kalitga bog‘liq dinamik S-boxlarni (S-box maydoni = 128
X 256 x 128 x 10" ~ 10*!) beradi. n = 8 uchun dastlabki n x n o‘lchamli S-box (1) tenglik yordamida
o‘rnatiladi. Taklif etilayotgan usul qo‘pol kuch hujumlari imkoniyatlarini kamaytirish orqali

yaratilgan S-boxning kriptografik kuchini biroz oshirishga olib kelishi mumkin bo‘lgan ko‘p sonli
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parametrlarni oz ichiga oladi. Biroq, bu taklif gilingan usulning hisoblash vaqtini ortishiga olib
keladi. X o‘zgaruvchisi qo‘pol kuch hujumlarini oldini olish uchun oz diapazoni bilan shunday
imkoniyatni taqdim etib, shu bilan birga hisoblash samaradorligi unchalik ortirmaydi. Quyida taklif

qilingan S-boxni generatsiyalash algoritmi (1-algoritm) va uning blok sxemasi (1-rasm) keltirilgan.

1-algoritm: S-boxni generatsiyalash algoritmi

Kiruvchi parametrlar:

n=38//forn % no‘lchamli S-box
X/70<X<l1
A C//A CE{L 3, ...... 2n-1}
B/B€{0,1,2,...... ,2"- 1)
Chigqish:
S // Dastlabki 8 % 8 o ‘lchamdagi S-box
Initsializatsiya:
h—20
g——1
Loc — 0
while (h <= 255) do
R— (A+B) X
B[h] = Cos (R *h + C)
if (X> 0.5) then
X=X*X
else X=X *1.75
endif
h—h+1
endwhile
g—gtl
while (g <= 255) do
MIN — B [0]
Loc =0
h<—0
while (h <= 255) do
if (MIN > B[h]) then
MIN = B[h]
Loc =h
endif
h—h+1
endwhile
S/g] = Loc
B[Loc] =111
g—g+1
endwhile
return S

Ushbu bosqich 1-rasmda ko‘rsatilganidek, protsedura bo‘yicha o‘rnatilgan dastlabki S-boxning
qiymatlarini aralashtirishga yordam beradi. Tavsiya etilgan usulda ishlashning improvizatsiya rejasi

yugqori chizigli bolmagan xususiyatga ega mustahkam va xavfsiz S-boxlarni generatsiylashda muhim
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rol o‘ynaydi. Chiziqli bo‘lmagan improvizatsiya rejasi 2-rasmda va 2-algoritmda tasvirlangan. A, B, C
va X o‘zgaruvchilarning qiymatlari shifrlash kaliti tomonidan qo‘llaniladi. Taklif etilgan usul

yordamida hosil gilingan 8 x 8 o‘lchamdagi S-boxga misol 1-jadvalda ko‘rsatilgan.
( Boshlash )
\ J

n=8, 0<z<(2"-1), 0<X<1,
A, Ce{l3,...,2"1},BEZ h=0,g=-1,
B, S =256 elementdan iborat massiv

Tugash

Yo’q MIN =B [0]
> h<=255 g=g+l Loc=0,h=0

A

Ha

R=(A+B)*X S[g]l=Loc |_
B [h] = Cos (R*h+C)|| B[Loc] =111 |

Ha

YO’q |/

X=X*1.75 X=X*X

v Y

h=h+1 h=h+1

1-rasm. S-box generatsiya qilish algoritmining blok sxemasi
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Boshlash

S = Dastlabki S box, F = Oxirgi S box, F =S,
NL, = Chizigsizlik (F), NL,=0.0, V=1,
A, Ce{1,3,5, ..., 281},
Be{0,1,2,...,2%1},0<X<1

Ha
Vv >2'0]
Yo’q

R,=(A * V+C)MOD 257, R, = (C * V + A) MOD 257
a=(ABS (INT ((A * 1000 + V) * Cos (R; + X * V)))) MOD 256
b = (ABS (INT ((C * 1000 + V) * Cos (R, + X * V)))) MOD 256

'

Swap (F [a], F [b])
NL, = Chizigsizlik (F)

Yo’q Ha
NL] = NL2
v

Swap (F [a], F [b]) > V=V+1

2-rasm. Chizigsiz jarayonning improvizatsiya rejasi

Taklif gilingan algoritm yordamida generatsiya qilingan S-box

{104, 141, 202, 77, 115, 75, 78, 42, 212, 82, 38, 179, 84, 30, 25, 31, 34, 3, 70, 61, 45, 74, 83, 131,
19,138, 183,213, 37, 121, 245, 189, 88, 47, 13, 2, 237, 81, 158, 17, 242, 62, 85, 94, 209, 22, 60, 102, 112,
93,243, 69, 64, 204, 232, 148, 86, 8§, 206, 26, 58, 210, 225, 223, 181, 56, 110, 14, 229, 244, 249, 134, 233,
79,214, 133, 35, 207, 50, 153, 49, 20, 174, 238, 200, 72, 211, 48, 161, 146, 65, 177, 24, 196, 44, 113, 114,
68, 21, 253, 55, 190, 95, 170, 155, 136, 216, 171, 137, 156, 250, 96, 234, 188, 98, 12, 36, 166, 168, 236,
103, 32, 219, 124, 40, 221, 172, 91, 52, 126, 16, 241, 123, 143, 99, 160, 5, 154, 67, 119, 33, 191, 39, 9,
195, 159, 182, 215, 41, 194, 235, 192, 164, 139, 140, 29, 251, 255, 193, 178, 151, 46, 248, 101, 246, 117,
7,4,73,51, 228,217, 185, 208, 66, 199, 108, 144, 0, 142, 111, 80, 1, 197, 218, 71, 63, 205, 105, 162, 226,
122,167, 198, 147, 15, 10, 6, 230, 43, 150, 163, 28, 175, 106, 18, 132, 57, 231, 176, 130, 247, 254, 157,
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135,92, 129, 53, 222, 180, 165, 252, 128, 239, 203, 187, 107, 118, 186, 90, 125, 120, 11, 149, 227, 173,
116, 152, 59, 54, 100, 109, 220, 240, 89, 169, 76, 23, 127, 145, 184, 201, 87, 27, 224, 97}

2-algoritm. Chizigsiz improvizatsiya rejasi asosida yakuniy S-Box ishlab chiqish algoritmi

Kiruvchi parametrlar:

X/0<X<lI
A C//A CE{LL S, ...... , 2" 1)
B/B€{0, 1,2, ...... , 2" 1)
S // Dastlabki 8 x 8 o ‘Ichamli S-box
Chiqish:
F // Yakuniy 8 % 8 o ‘lchamli S-box
Initsializatsiya:
V1
F=S
NLI « Chizigsizlik (F)
NL2 «— 0.0
while (V <= 21— 1) do
Rl < (A *V + C) MOD 257
R2 — (C xV+ A4) MOD 257
R3 — (4 %1000+ V)
R4 — (C *1000+7)
RS — (RI +X V)
R6 — (R2+X *V)
a — ABS (INT (R3 * Cos (R5))) MOD 256
b «— ABS (INT (R4 * Cos (R6))) MOD 256
// INT kasr giymatidan butun sonni qaytaradi
// ABS absolyut giymatni qaytaradi
// Fla] va F[b] ning giymatlari almashtiriladi
Temp «— Fla]
Fla] — F[b]
F[b] < Temp
NL2 «— Chizigsizlik (F)
if (NL2> NLI) then
NLI < NL2
else
// Fla] va F[b] ning giymatlari almashtiriladi
Temp «— Fla]
Fla] — F[b]
F[b] < Temp
endif
Ve—V-+1
endwhile
return I

Taklif qilingan algoritm yordamida generatsiya qilingan S-boxlar tahlili. Ixtiyoriy S-box zaif
bolishi va kriptotahlilchilarning oson nishoni bo‘lishi mumkinligi bois, ularni xavfsizlik talablariga
baholash shart hisoblanadi. Har qanday S-boxning kriptografik parametrlarini baholashda tegishli S-

box tomonidan bajarilishi kerak bo‘lgan turli mezonlardan foydalaniladi. [5] manbada keltirilgan


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz

standart baholash mezonlari yordamida taklif qilingan S-boxning umumiy kriptografik

June 2025

parametrlarga tekshirish natijalari 1-5-jadvallarda ko‘rsatilgan.

1-jadval. Tarkibiy mantiqiy funksiyalar va chizigsizlik qiymatlari

Volume 2, Issue 2

Bul funksiyasi B, B, B; B, Bs Bs B, Bs
NL(B) 108 104 | 108 108 104 108 104 108
2-jadval. Turli S-boxlari uchun chizigsizlik (NL) giymatlari
Chizigsizlik
S-box
NLuin NLax NLo+w
1 2 3 4
Mazkur ish 104 108 106.5
[80] 106 108 106.25
[81] 112 112 112
[82] 106 110 106.5
(83] 112 112 112
[84] 106 108 107
(85] 106 108 106.5
[86] 104 110 106.75
(87] 102 108 105
[88] 100 108 105
(89] 104 108 106.25
[90] 96 110 104
[91] 106 112 109.5
[92] 100 108 104
[93] 98 106 103.5
[94] 106 108 106.5
[95] 104 110 106.25
[96] 104 108 105
[97] 106 110 108.5
(98] 108 110 109.75
[99] 102 110 106.5
[100] 112 112 112
[101] 112 112 112
[102] 110 112 110.25
[103] 104 108 105.5
[104] 104 110 107
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3-jadval. Taklif etilgan S-boxning BIC-nochiziglilik qiymatlari

Management and Future Technologies
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- 104 106 106 100 108 104 100
104 - 108 104 106 104 108 104
104 104 - 108 104 100 102 106
104 108 104 - 106 104 104 102
106 108 106 104 - 104 106 104
104 104 102 104 104 - 106 104
104 104 104 106 104 108 - 102
104 108 106 104 106 106 108 -
4-jadval. SAC va BIC-NL giymatlarining giyosiy bahosi
S-box SAC BIC-NL
1 2 3
Mazkur ish 0.496 102.8
[80] 0.5086 102.37
[81] 0.496 102.3
(82] 0.5009 103.93
[83] 0.498 112
(84] 0.493 102.3
[85] 0.499 103.6
[86] 0.509 106.1
[87] 0.503 102.9
(88] 0.500 103.0
(89] 0.501 103.6
[90] 0.493 103.0
[91] 0.507 106.9
[92] 0.497 102.6
(93] 0.496 103.5
[94] 0.501 104.1
[95] 0.503 103.9
[96] 0.506 103.5
[97] 0.500 103.9
[98] 0.5042 110.6
[99] 0.4943 103.35
[100] 0.501 112
[101] 0.495 112
[102] 0.495 104.1
[103] 0.5065 103.57
[104] 0.4993 103.29
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5-jadval. Taklif etilgan S-boxning differensial bir xilligi (ayirma matritsa) qiymatlari

8 6 8 10 8 8 10 8 8 8 6 6 8 8 10 8
8 8 6 8 6 10 8 8 8 10 8 6 8 10 8 8
8 6 8 10 8 8 6 10 8 10 8 8 6 8 8
8 8 6 8 10 8 8 10 8 8 10 6 8 6 8 8
10 | 6 8 8 8 10 6 8 6 8 6 10 8 8 10 8
10 | 6 8 8 8 6 10 6 10 6 8 8 10 8 8 8
8 8 6 10 8 8 6 10 6 8 8 10 | 10 8 8
8 6 8 10 8 10 8 6 10 8 6 10 8 6 8 8
8 8 10 8 8 8 6 8 8 10 6 8 10 8 8 6
8 8 10 8 6 8 8 8 8 10 8 6 8 8 8
8 8 8 8 8 10 8 8 6 8 8 8 10 8 8 6
8 8 8 8 10 8 8 8 8 6 8 10 8 8 6 8
8 8 6 8 8 8 10 8 10 8 8 8 8 6 8 8
6 8 8 8 8 10 8 8 8 8 8 10 8 6 8 8
8 8 8 10 8 6 8 8 8 8 8 8 8 6 8 10
10 8 8 8 8 8 6 8 8 10 8 8 6 8 8 8

Tadqiqot doirasida chiziqli bolmagan S-boxlarni generatsiya qilish uchun taklif gilingan
innovatsion usullar bo‘yicha ko‘plab tadgiqotlar o‘tkazildi. Ko‘plab S-boxni generatsiyalash usullari
uchun har xil xulosalar olish mumkin, masalan, statik almashtirish usuli, statik qaytarilmas
polinomdan foydalanish, qo‘zg‘almas nuqtalarning mavjudligi, yuqori hisoblash narxi, va boshqalar.
S-boxni qurish uchun mazkur dissertatsiya ishida taklif gilinigan usul oddiy va chiziqli trigonometrik

transformatsiyani o°z ichiga oladi.

3-jadvaldan ko‘rinib turibdiki, taklif qilingan S-boxlar ancha yuqori nochizigli ko‘rsatkichlarga
ega. Taklif qilingan usul yordamida generatsiya gilingan S-boxlar barcha mezonlarga javob bergani
bois, boshqa usullarga nisbatan shifrlash jarayonida yuqori chizigli bo‘lmagan o‘zgartirishni amalga

oshirishda ancha samarali ekanligini ko‘rsatadi.

Xulosa

Mazkur maqolada chizigli trigonometrik transformatsiya yordamida kalitga bog‘liq dinamik S-
boxlarni generatsiyalash uchun yangi usul taqdim etildi. Yangi trigonometrik transformatsiya orqali
yaratilgan dastlabki S-boxning chiziqli bo‘lmagan bahosini oshiradigan yangi dinamik improvizatsiya
rejasi taklif etildi. Transformatsiya va chizigli bo‘lmagan improvizatsiya rejasi generatsiya qilishda
turli xil parametrlardan, shifrlash kalitining tegishli parametrlari giymatlaridan foydalanadi. Shifrlash
kalitining o‘zgarishi parametrlar giymatlarining o‘zgarishiga olib keladi va har safar yangi chiziqli
bo‘lmagan S-box hosil qilanadi. Qiyosiy tahlillar dinamik va xavfsiz S-boxlarni generatsiyalash uchun

taklif gilingan sxemaning samaradorligini tasdiqlaydi.
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NEFT VA GAZ
KOMPLEKSLARINING
INNOVATSION
RIVOJLANISHINI
BOSHQARISH

nnotatsiya: Maqolada neft kompaniyalarining

innovatsion rivojlanishi butun boshqaruv tizimidagi,

uning barcha tuzilmasi va vazifalaridagi taraqqiyyot
ozgarishlarni aks ettiruvchi jarayon sifatida ochib berilgan.
Bu jarayon natijasida oTtacha tarmoq foyda me'yori
darajasida qo‘'shimcha ijtimoiy-iqtisodiy manfaat shakllanadi.
Shuningdek, mamlakatning yagona sanoat siyosati doirasida
uning innovatsion tarkibiy qgismini ishlab chiqish zarurati
asoslantirilgan. Bu innovatsion gism mintaqaviy darajadan
to neft kompaniyalari darajasigacha tegishli institutsional
va tashkiliy jihatdan rasmiylashtirilishi lozim. Bunday
yondashuvning muhimligi ham maqolada dalillar bilan
isbotlangan.

Kalit so‘zlar: innovatsion rivojlanish, integratsiyalashgan
neft kompaniyalari, innovatsion menejment, neft-gaz
majmuasi, qiyin qayta tiklanadigan zaxiralar, quduqlar,
magistral neft quvurlari, kop faktorli texnologiyalar
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Kirish

O‘zbekiston yoqilg‘i-energetika resurslariga ega bo‘lgan o‘ziga xos neft-gaz zaxirasiga ega
mamlakat xisoblanadi. Jahon bo‘yicha aniqlangan neft zaxiralarining qariyb 6 foizini tashkil qiladi va
tabiiy gaz zaxiralarining 14 foizini tashkil qiladi. Hozirgi vaqtda neft-gaz korxonalari (NGK) xalq
xo'jaligining eng muhim komplekslaridan biri hisoblanadi. Neft va gaz sanoati yalpi ichki
mahsulotning (yalpi ichki mahsulotning) chorak qismini, sanoat mahsuloti hajmining uchdan bir
qismini, hamda viloyat byudjeti daromadlarining qariyb yarmini, eksport va valyuta tushumlarini
ta’minlashda katta rol o‘ynaydi. Neft ishlab chiqaruvchi kompaniyalar o‘zlarining ishlab chigarish
quvvatlarini oshira boshladilar va jahon bozoridagi qulay sharoitlar ta'siri ostida neft va gaz
sanoatining ma'lum darajada tiklanishi kuzatilib, neft va gaz sanoati uzoq muddatli va barqaror

farovonligi illyuziyasini yaratadi.(Uzakov[1])

Tahlillar

Muammo shundaki, neft kompaniyalarining ortirgan foydalari ishlab chiqarishni ilmiy-
texnikaviy rivojlantirishga, mehnat unumdorligini oshirishga va xarajatlarni kamaytirishga
yo‘naltirilmaydi. Islohotlar sharoitida neft sanoatida mehnat unumdorligi 40 foizga pasayganini,
mashina va asbob-uskunalarning texnik eskirishi 60-65 foizdan oshganini ko‘rishimiz mumkin,
asbob-uskunalarning atigi 14 foizi zamonaviy texnikalardan iborat ekanligini ko‘rishimiz mumbkin.
Neftni qayta ishlashda agregatlarining 70 foizi 25 yil va undan ko‘proq vaqt davomida ishlagan, fagat
5 foizi 10 yilgacha ishlaydi. Neftni qayta ishlashning o‘rtacha unumdorligi mamlakatimizda 60-65
foizni tashkil qiladi. Magistral neft quvurlarining 25 foizi 30 yildan ortiq, yana uchdan bir gismi 20
yildan 30 yilgacha va 12 foizi 10 yildan 20 yilgacha ishlagan. Neft va gaz sanoatida uni
rivojlantirishning metodologiyasi va innovatsion modelini ishlab chigish hozirgi kunda asosiy
dolzarb muommolardan hisoblanadi. Innovatsiyalar boshqaruv faoliyatining barcha sohalariga
tegishli bo‘lishi kerak: ishlab chiqarish, ijtimoiy, huquqiy, ekologik faoliyat sohalari, shuningdek,
yordamchi sohalarda ham tegishli bolishi lozim. Masalan: Burg'ilash texnologiyasi, neftni qayta
ishlash , qazib olish, tashish, qayta ishlash, sarmoya kiritish, boshqaruv usullari va atrof-mubhitni
muhofaza qilish sohasidagi innovatsiyalar alohida ahamiyatga ega . Mamlakatimiz neft-gaz majmuasi
iqtisodiyotimizning ichki ehtiyojlarini toliq qondirmoqda, neft mahsulotlari taqchilligi
kuzatilmaganiga qaramay, ichki bozorda narxlar jahon narxlariga mos ravishda oshib bormoqda.
Narxlarning bunday o‘sishining sabablaridan biri neftni qayta ishlashning texnik jihatdan qoloqligi
va neft mahsulotlarini qazib olish va tashishning eskirgan texnologiyalarni aytish mumkin. Bunga
innovatsion va investitsiya jarayonlarini rivojlantirishni rag‘batlantirmaydigan samarasiz soliq
siyosati, ishlab chiqarishni ilmiy-texnikaviy rivojlantirish sohasidagi davlat siyosatining yetarli

darajada faol emasligi ham yordam bermoqda. (Uzakov([1])
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Muammolar

Neft-gaz  korxonalarini  rivojlantirish ~muammolarining dolzarbligi  iqtisodiyotni
o‘zgartirayotgan mamlakatlarda neft-gaz kompaniyalari va tarmoqlarini innovatsion rivojlantirish
masalalarining yetarlicha nazariy jihatdan ishlab chiqilmaganligi bilan murakkablashmoqda. Neft va
gaz sanoatini rivojlantirishning asosiy iqtisodiy vazifalari quyidagilardan iborat: Xalq xofjaligi va
mamlakat aholisining neftga bo‘lgan ehtiyojini ta'minlash; samarali eksport faoliyatini ta'minlash;
yangi neft-gaz kompleksi quvvatlarini joriy etishni ta'minlash; eskirgan uskunalar va neft quvurlarini
almashtirish; yangi konlarni o‘zlashtirish va yetarli hajmdagi geologiya-qidiruv ishlarini olib borish.
Ushbu muammolarni hal etish zarurati neft-gaz korxonalarining raqobatbardoshligi va kompleksni
davlat boshqaruvi tizimining samaradorligiga, shuningdek, neft va uni qayta ishlash mahsulotlarining
ichki va tashqi mahsulot bozorlarida, neft-gaz kompaniyasining o‘zi va xo%alik yurituvchi
subyektlarning investitsiya bozorlarida raqobatbardoshligiga qat'iy talablar qo‘yadi. Mamlakatimiz
neft sanoatining tahlili shuni ko‘rsatadiki, uskunalar va quvurlarning texnik holati yil o‘tgan sari
yomonlashmoqda. Neft kompaniyalari zahiralarining 70% dan ortigi rentabellik chegarasida
quduglarning past oqim tezligiga ega. Neft kompaniyalari tomonidan ishlab chiqilgan zahiralarning
uchdan bir gismidan ko‘prog‘i 70% dan ortiq suv kesishiga ega. Umuman olganda, mamlakatda
o‘zlashtirishda foydali zaxiralarni ta'minlash 20-25 yildan oshmaydi, ba'zi kompaniyalar uchun esa
15-20 yildan oshmaydi. (Uzakov(2])

Uglevodorod xomashyosi ishlab chiqarishni ko‘paytirish, birinchi navbatda, o‘zlashtirilgan
hududlarda avval ishga tushirilgan konlarning ishlab chiqarish-texnik salohiyatini tiklash ko‘plab
kompaniyalar uchun yagona yo‘ldir, chunki yangi hududlarni o“zlashtirish uchun investitsiyalar yo‘q.
Ko‘pgina neft qazib oluvchi mamlakatlar, aynigsa ishlab chiqarish xarajatlari nisbatan yuqori bo‘lgan
mamlakatlarda soliq rejimlarining liberallashuvi kuzatilgan. Bu kompaniyalarning yuqori daromad
olishlarini va yuqori investitsiya stavkalarini saqlab qolishlarini ta'minlaydi. Institutsional muhitning
rivojlanishi tufayli ko‘plab neft qazib oluvchi mamlakatlarda investitsion bashoratlarning sezilarli
darajada qisqarishi kuzatildi. Keyingi yillarda neft sanoatida erishilgan ijobiy natijalarga qaramay,
mamlakatimizda neft mahsulotlarining ichki bozori rivojlanmagan. Neftni qayta ishlash, asosan,
birlamchi neft distillash qurilmalarida amalga oshiriladi, ishlab chiqarilgan mazut va dizel yoqilg‘isi
hajmi mamlakatning ularga bo‘lgan ehtiyojidan ikki baravar ko‘pdir, shuning uchun neft

mahsulotlari eksportining asosiy qismini dizel yoqilg‘isi va mazut tashkil giladi.

O‘zbekistonning barcha asosiy neft bozorlari: Yevropa, va Osiyo mintaqasi bilan bog‘lanishidan
samarali foydalanishga to‘sqinlik qilmoqda. 1997 yildan 2003 yilgacha bo‘lgan davrda neftni ishlab
chiqarish, iste'mol qilish va eksport gilish nisbati tahlili shuni ko‘rsatdiki, qo‘shimcha ravishda ishlab
chiqgarilgan neftning katta qismi (deyarli 85%) eksport qilingan (to‘g‘ridan-to‘g‘ri yoki undan ishlab
chiqarilgan neft mahsulotlari shaklida), bu neft-gaz kompleksining eksportga yo‘naltirilganligi

mustahkamlanganligini ko‘rsatadi. Ushbu tendentsiyani ijobiy deb hisoblash mumkin emas: bu
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mamlakat ishlab chiqarish salohiyatini rivojlantirish uchun iste'mol qilinadigan mahsulotlar
ulushining kamayganidan dalolat beradi. O‘zbekistonning vertikal integratsiyalashgan neft
kompaniyalari (VIK) xususiylashtirish natijasida shakllangan mulkchilik shakllarining xususiyatlari
bilan belgilanadigan alohida tanlangan yo‘nalishlar va ustuvorliklar bo‘yicha faoliyat yuritadi va
rivojlanadi. Hozirgi kunda mamlakatimizda quyidagi korxonalar yetakchilik gilmoqda: “FNQIZ”,
“BNQIZ”, integratsiyalashgan neft kompaniyalarining holati ko‘p jihatdan muammoli moliyaviy-
igtisodiy, ilmiy, texnologik va boshqaruv tomonlama muommolar bor. Hozirgi vaqtda asosiy
kapitalga investitsiyalarning asosiy manbai neft kompaniyalarining oz mablag‘lari hisoblanadi.
Xorijiy sarmoyaning yetishmasligi O“zbekistondagi sarmoya tomonidan yaxshi emasligi bilan bog'liq.
Investitsiyalar ogimini ta'minlash uchun bir qator chora-tadbirlarni amalga oshirish kerak: soliq
siyosatidagi o‘zgarishlar; uskunaning amortizatsiyasini tezlashtirish; investitsiya faoliyati risklarini
kamaytirish maqsadida davlat tomonidan kafolatlar berish va uning qarorlar qabul qilish
mexanizmlari va institutlaridan foydalanish; neft va gaz sanoatining ilmiy-texnik va innovatsion
rivojlanishini takomillashtirish. Shunday qilib, ilmiy-tadqiqot ishlariga tobora ko‘proq mablag’
sarflash kerak, chunki innovatsiyalar yangi mahsulotlar va yangi texnologiyalarda mujassamlash,
mamlakat iqtisodiy rivojlanishining, tarmoglar va kompaniyalarning raqobatbardoshligini

oshirishning asosini ifodalaydi.

Zamonaviy shaklda innovatsion rivojlanish nazariyasining asoschisi avstriyalik tanigli
iqtisodchi J.Shumpeter hisoblanadi, u innovatsiyalarni texnologiya va boshqaruvdagi o‘zgarishlar,
resurslardan foydalanishning yangi yo‘nalishlari deb hisoblaydi. Uning birinchi asarlari nashr
etilganidan beri yuz yil o‘tgan bo‘lsa-da, innovatsion jarayonlar yoki innovatsiyalarning o‘zi haqida
umumiy qabul qilingan ta'rif hali ham mavjud emas. Innovatsiya, Shumpeterning fikriga ko‘ra,
bozorga kiritilgan yangi yoki takomillashtirilgan mahsulot, amaliy faoliyatda qo‘llaniladigan yangi
yoki takomillashtirilgan texnologik jarayon yoki ijtimoiy xizmatlarga yangi yondashuv ko‘rinishida
mujassamlangan innovatsion faoliyatning yakuniy natijasidir. Ushbu innovatsiya ishlab chiqgarish
omillarining yangi ilmiy va tashkiliy kombinatsiyasi sifatida namoyon bo‘ladi, ularning motivatsiyasi
tadbirkorlik ruhi bilan belgilanadi. Keyinchalik, Shumpeter iste'mol tovarlarining yangi turlarini,
yangi ishlab chiqarish va transport vositalarini, bozorlar va sanoatni tashkil etish shakllarini joriy etish
va ulardan foydalanishga qaratilgan o‘zgarish sifatida innovatsiyaning yangi kontseptsiyasini kiritdi.
Innovatsion jarayonlarni o‘rganish va ularning iqtisodiy rivojlanishdagi o‘rnini baholash uchun
kuchli turtki bo‘lgan N.D. Kondratieva iqtisodiy faoliyatning katta sikllari (uzun to‘lginlar). Uning
tadgiqotlari sikllarning sabablari va ularning davomiyligi bo‘yicha keyingi tadqgiqotlarni boshladi.
N.D.Kondratiev ushbu sikllarning "yuqoriga" va "pastga” tolqinlari o‘rtasidagi bog‘liglikni texnik
ixtirolar tolginlari va ulardan amaliy foydalanish bilan isbotladi. U innovatsiyaning umumiy
nazariyasiga asos solib, u nafaqat texnologik va iqtisodiy, balki ijtimoiy-siyosiy sohalarni ham qamrab
oladi, innovatsiyalar jamiyat hayotining turli sohalarida o‘zaro ta’sir qiladi, deb hisobladi. Shunisi

e'tiborga olgan holda, N.D.Kondratiev asarlarida klaster yondashuvining asoslari sezilarli bo‘lib,
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uning mohiyati shundaki, innovatsiyalar vaqt o‘tishi bilan notekis taqsimlanadi, guruhlar -
klasterlarda paydo bo‘ladi. B.Santoning fikricha , innovatsiya uchlik (ijtimoiy, texnik, iqtisodiy)
jarayon bo‘lib, u g‘oya va ixtirolardan amaliy foydalanish orqali oz xususiyatlariga ko‘ra yaxshiroq
bolgan mahsulot va texnologiyalarni yaratishga olib keladi va iqtisodiy foyda, foyda olishga
yo‘naltirilgan bo‘lsa, bozorda innovatsiyaning paydo bo‘lishi qo‘shimcha daromad keltirishi mumkin.
P.Druker innovatsiyani “resurslarga moddiy qadriyatlarni ishlab chiqarishning yangi qobiliyatini
beradigan harakat” deb ta’riflaydi. Shuningdek, u innovatsiya o‘zgarishlarni boshqarish emas, balki
tadbirkorlik tomonidan qofllanilishi mumkin bo‘lgan o‘zgarishlarni maqsadli izlash ekanligini
ta’kidlaydi. Innovatsion faoliyatning, xususan, innovatsiyaning mohiyati va mazmunini tahlil gilishda
bu toifalarning nafaqat ijtimoiy-iqtisodiy, balki falsafiy, siyosiy va diniy mazmunini ham o‘zida aks
ettiruvchi murakkab tuzilmasini hisobga olish kerak. Ko‘rinib turibdiki, innovatsiyalarni boshqarish
nuqtai nazaridan iqtisodiy tomoni gizigish uyg'otadi. Shu sababli, tadgiqotda innovatsion
rivojlanishning o‘ziga xos xususiyatlarini yetarli darajada aks ettiruvchi xo‘jalik yurituvchi sub'ektlar

- neft kompaniyalari darajasiga qaratilgan. (Uzakov([2])

Innovatsion faoliyatning mohiyati va mazmuni haqidagi fikrlar doirasi innovatsion
jarayonlarga yetarlicha yo‘naltirilmagan tadbirkorlik amaliyotiga salbiy ta’sir ko‘rsatadi. Hozirgi
vaqtda korxonalarning innovatsion rivojlanishi va ularni an'anaviy texnologiya va uskunalarga
asoslangan rivojlanishi o‘rtasida aniq chegaralar mavjud emas. Ko‘rinib turibdiki, innovatsion
jarayonlarni xo‘jalik yurituvchi sub'ektlar darajasida aniglash zarur. Bu xo‘jalik yurituvchi subyektlar
ishlab chiqarishning innovatsion rivojlanish dinamikasini aniq anglashi va uni vaqt va makonda
boshqara olishi uchun zarur. Neft kompaniyalari maqsadlarni belgilash ko‘rsatkichlarini aniqlay
olishlari, aniq hisoblarni yuritishlari, innovatsion jarayonlarni nazorat gilishlari, tahlil gilishlari va
samaradorligini bilishlari kerak. Bu, agar neft kompaniyasining integratsiyalashgan boshqaruv tizimi
innovatsion ta'sirning asosiy ob'ekti sifatida ko‘rib chiqilsa, buning natijasi boshqaruv tizimidagi
ijtimoiy-iqtisodiy samaraning oshishi hisoblanadi. Ushbu asosga asoslanib, u innovatsion
jarayonlarni butun kompaniya (korxona) boshqaruv tizimini takomillashtirish, uning butun
tuzilmasini - ham boshqaruv funktsiyalarini, ham faoliyat sohalarini rivojlantirish jarayonlari sifatida
belgilaydi. Bu shuni anglatadiki, innovatsion faoliyat ilmiy-texnikaviy, ijtimoiy-igtisodiy, tashkiliy-
huquqiy, ishlab chiqarish-texnologik, ekologik va moliyaviy faoliyat jarayonlarini, shuningdek,
korxona boshqaruv tizimini rejalashtirish, bashorotlash, hisobga olish, tahlil gilish va nazorat qilish
funktsiyalarini takomillashtirish jarayonlarini qamrab oladi. Innovatsion rivojlanishning asosiy
natijasi boshqaruv tizimida ijtimoiy-iqtisodiy samaraning oshishi bilan ifodalanadi. Innovatsion
jarayonlarning bunday ta'rifi nafaqat amaliy, balki uslubiy ahamiyatga ega. Ishlab chiqarishning
faoliyat ko‘rsatishi va rivojlanishi jarayonida boshqaruv sub'ekti doimo innovatsion rivojlanish
darajasini va uning o‘zgarishlarini aniglay oladi. Shuningdek, u ishlab chiqarishni rivojlantirish
dinamikasini kuzatib borishi va boshqaruv tizimidagi o‘zgarishlar innovatsion mazmun bilan

tavsiflanadi degan xulosaga kelishi mumkin. Shuni ta’kidlash kerakki, tadbirkorlik amaliyotida va
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ilmiy adabiyotlarda innovatsion texnologiya deganda hamon texnik-iqtisodiy ko‘rsatkichlari jahon
andozalari darajasida bo‘lgan innovatsiyalar tushuniladi. Innovatsion texnologiya deganda muallif
shunday texnik va texnologik ishlab chiqarish vositalarini, ulardan foydalanishda qo‘shimcha
ijtimoiy-iqtisodiy foyda keltiradigan tashkiliy shakllar va xofjalik yuritish usullarini tushunadi.
Innovatsion jarayonlarning bunday talqini ularni qollash chegaralarini kengaytiradi. Muayyan
boshqaruv ob'ektida, korxonadan sanoatgacha bo‘lgan ishlab chigarishning ilmiy, texnik va tashkiliy
darajasini oshiradigan turli xil jarayonlarni boshqaruv tizimiga kiritish mumkin bo‘ladi. Iqtisodiy
rivojlanishning eng muhim tarkibiy qismi innovatsion jarayon bo‘lib, uning yakuniy mahsuloti ishlab
chiqarishning ilmiy-texnik darajasini oshirish, ishlab chiqarilgan mahsulot tannarxini pasaytirish,
quduglardan neft qazib olishning ko‘payishi, ishlab chiqarishni tashkil etishni, boshqaruv tuzilmasini
takomillashtirish, ishlab chiqarish jarayonida ham, menejment sohasida ham axborot
texnologiyalarining yangi usullarini joriy etishdir. Biroq, innovatsion jarayon birinchi navbatda

iqtisodiy kategoriya ekanligini yodda tutish kerak.

Texnik parametrlarni yaxshilash 0z-o0‘zidan maqgsad emas. Bunday o‘sishning iqtisodiy natijasi
muhim. Ushbu natija ushbu o‘sishga sabab bo‘lgan qo‘shimcha investitsiyalar bo‘yicha foydaning
oshishi sifatida ifodalanadi. Ushbu nisbatning qiymati neft kompaniyalarining raqobatdosh
pozitsiyasini mustahkamlashi kerak. Ammo shuni ta'kidlash kerakki, foydaning o‘sishining unga
sabab bo‘lgan qo‘shimcha kapital qo‘yilmalarga nisbati har doim ham ilmiy-texnikaviy echimlarning
progressivligini aks ettirmaydi. Ushbu holat muallifning daromad darajasining o‘rtacha sanoat
darajasi innovatsion jarayonlar samaradorligi o‘lchovi rolini o‘ynashi mumkin degan fikrni
tasdiqlaydi. Ushbu xulosaga asos sifatida innovatsion jarayonlar funktsional jihatdan
kompaniyalarning raqobatbardoshligini oshirishga va bozor iqtisodiyotidagi mavqeini
mustahkamlashga yo‘naltirilgan bo‘lishi kerak, degan ishonchdir. Ishda qayd etilishicha, hozirgi
vaqtda davlatning bevosita ishtirokida innovatsion faoliyatni tashkil etishning yangi shakllarining
butun majmuasi vujudga kelgan, jumladan: texnoparklar, innovatsion-texnologik markazlar,
innovatsion-sanoat komplekslari davlat tomonidan to‘g‘ridan-to‘g‘ri moliyalashtirish hisobidan
shakllantirilgan. Shu bilan birga, ilmiy-tadqiqot va ilmiy-tadqiqot ishlariga yo‘naltirilgan
investitsiyalar va ilm-fanni ko‘p talab giluvchi sektor holati tahlili shuni ko‘rsatadiki, joriy innovatsion
siyosatning davom etishi O“zbekiston uchun halokatli oqibatlarga olib kelishi mumkin. Mamlakatda
yuqori texnologiyali, sifatli uskunalar ishlab chiqarish juda past va ularga talab past. Respublika
korxonalari asosan yuqori texnologiyali va ilm-fanni talab qiluvchi uskunalarni import qiladi.
O‘zbekistonda innovatsion faol korxonalarning ulushi unchalik katta emas va 6% darajasida.
Taqqoslash uchun, Yevropa Ittifoqida bu ko‘rsatkich 53 foizni, AQShda esa 33 foizni tashkil giladi.
1990 yilga nisbatan. 2000 yilda Respublikada ilmiy tashkilotlar soni 13 foizga kamaydi va 4037 tani
tashkil etdi. Barcha ixtirolarning 70 foizdan ortig'i uzoq vaqtdan beri amalda bo‘lgan texnika va
texnologiyalar turlarini saqlash yoki qisman takomillashtirishga qaratilgan. Ishlab chiqarilgan yangi

uskunalar namunalari past texnik-iqtisodiy ko‘rsatkichlar bilan ajralib turadi. Ularning uchdan bir
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qismi faqat sanoat mulki hujjatlariga ega, 75 foizi sifat va xavfsizlik sertifikatiga ega emas, 64 foizida
xizmat ko‘rsatish tizimi mavjud emas. Hozirgi vaqtda ilmiy-texnikaviy faoliyat va mavjud ishlab
chiqarish alohida faoliyat yuritadi va bir-biri bilan yomon integratsiyalashgan. Bu holatning
sabablaridan biri innovatsion jarayonni faoliyat sohasi sifatida belgilash muammolarining yetarlicha

uslubiy ishlab chiqilmaganligidir.

IImiy-texnikaviy va innovatsion faoliyat o‘rtasidagi o‘zaro bogliqlik sxemasini yaratish
zaruratidan kelib chiqib, bu faoliyat sohalari uzviy ravishda o“zaro bog’liq va o“zaro bog’liq bo‘ladi.
Ushbu tashkiliy boshqaruv sxemasi hali ishlab chiqilmagan. Biroq, muammoning nazariy tahlili shuni
ko‘rsatadiki, yirik neft kompaniyalari oz tarkibida kuchli ilmiy va texnik yordamga ega bo‘lishi
mumkin. Muammoning bunday shakllantirilishi ilmiy-texnika qanoti va joriy ishlab chiqarishning
alohida ishlashini istisno etmaydi, lekin ularning birlashishi yoki tashkiliy jihatdan yaqinlashishi
innovatsion jarayonlarni rivojlantirishda muhim rol o‘ynashi mumkin. Binobarin, kuchli ilmiy-
texnik ta’minotga ega yirik neft-gaz kompaniyalarini shakllantirish hozirgi kunda neft-gaz sanoatini
innovatsion ingirozdan olib chiqishning eng muhim ilmiy-amaliy vazifasi hisoblanadi. Natijada
yuzaga keladigan nomutanosibliklarni bartaraf etish uchun ilmiy-texnik salohiyatni oshirish, shu
jumladan, qgiyin qazib olinadigan neft zaxiralari, suv o‘tkazuvchanligi past bo‘lgan qatlamlar, suv
bosgan zonalardagi qoldiq neft zaxiralari, yuqori yopishqoglikdagi moylar va subgaz zonalarida neft
zaxiralari uchun texnologiya va uskunalarni yaratish zarur. Demak, neft va gaz sanoatining uni
qo‘llash uchun ortib borayotgan talablarga javob beradigan uskunalarga bo‘lgan ehtiyoji. Davlat
mashinasozlik, metallurgiya, kimyo sanoatining boshqa turdosh tarmogqlarini, harbiy-sanoat
majmuasini rivojlantirishni rag‘batlantirishi kerak. Binobarin, kelgusida ishlab chiqarishni
diversifikatsiya qilish natijasi import qilinadigan ilg‘or uskunalarga o‘xshash mahalliy uskunalar
bo‘ladi.

Takliflar

So‘nggi paytlarda mamlakatimizda neft-gaz sanoatining istigboldagi rivojlanishi: asosan resurs
va xomashyo salohiyatidan foydalanish yoki iqtisodiyotning yuqori texnologiyali sektorini
rivojlantirish borasidagi munozaralar faollashdi. Bu borada rivojlangan mamlakatlar tajribasiga
murojaat qilish maqgsadga muvofiqdir. Neft-gaz majmuasi ularning iqtisodiyotida qanday ro‘l
o‘ynashini, uning vazifalari nimadan iboratligini, rivojlanish qanday sodir bo‘lishini, davlatning neft-
gaz kompleksi bilan o0zaro munosabatini va innovatsion rivojlanishni ta'minlashda qanday vazifalari
borligini digqat bilan o‘rganish kerak. G‘arb mamlakatlarida uglevodorod resurslarini o‘zlashtirish
va innovatsion jarayonlarni rivojlantirishda davlat asosiy rol o‘ynaydi: soliq, investitsiya, moliya-
kredit, ilmiy-texnikaviy va tuzilmaviy siyosat yo‘li bilan neft va gaz sanoatining rivojlanishini tartibga
soladi. O“zbekiston innovatsion rivojlanish strategiyasining yo‘qligi va birinchi navbatda, xom neft

eksportiga doimiy e’tibor qaratilayotgani tufayli ulardan sezilarli darajada orqada qolmoqda. Hozirgi
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vaqtda neft korxonalarini boshqarish tizimi ilmiy-texnikaviy rivojlanish va ishlab chiqarishni
yangilash jarayonlarini faol rag‘batlantirilmayapti. Neft sanoatining texnik holati to‘g‘risidagi
yuqoridagi ma'lumotlardan ko‘rinib turibdiki, ishlab chiqarishning ilmiy-texnik rivojlanishi ikkinchi
darajali bo‘lib qolmoqda. (Uzakov(3])

Vertikal integratsiyalashgan neft kompaniyalarining iqtisodiy faoliyatini tahlil qilish shuni
ko‘rsatadiki, makro va mikroiqtisodiy manfaatlar o‘rtasidagi qarama-qarshilik, ayniqsa, murakkab va
qarama-qarshi jarayon bo‘lgan ishlab chiqarishning ilmiy-texnik rivojlanishi sohasida sezilarli.
Ko‘pincha jalb qilingan kapitalning daromadliligi qisqa vaqt ichida sodir bo‘lmaydi. Kompaniyalar
ko‘p hollarda yuqori texnologiyali, gqimmat ishlab chiqarishni rivojlantirish variantlaridan qochadi va
narxlarni ko‘tarishga murojaat giladi, atrof-muhitni muhofaza qilishga qaratilgan faoliyatni amalga
oshirmaydi va gisqa muddatli ozini oqlash muddati bo‘lgan faoliyatni amalga oshirishga tayyor.
Samarali tashkiliy-iqtisodiy boshqaruv tizimini shakllantirishda davlatning ro‘li juda muhim bo‘lib
bormoqda. Davlat neft va gaz sanoatining ilmiy-texnik darajasiga ta'sir ko‘rsatish va tartibga solish
bo‘yicha yanada kengroq chora-tadbirlar va usullarni amalga oshirishi kerak. Neft va gaz sanoatini
davlat tomonidan tartibga solish shakllari va usullari quyidagilarni qamrab olishi kerak: milliy
innovatsion tizimlarni rivojlantirish; litsenziyalashni tartibga solish tizimi; soliq siyosati; ishlab
chigarishni tartibga solish; narxlarni tartibga solish; ilmiy-texnikaviy siyosatni ishlab chiqishni
tartibga solish. Innovatsion siyosatni ishlab chigishni davlat tomonidan tartibga solish strategik
ahamiyatga ega, shuning uchun mamlakatda innovatsion jarayonlarni tartibga solishning tashkiliy
tuzilmasini ko‘rib chiqish zarur. Vazirlik va idoralarning innovatsion sohadagi faoliyatini
muvofiglashtiruvchi asosiy organ Hukumat raisi boshchiligidagi Ilmiy-texnika siyosati bo‘yicha
Hukumat komissiyasi hisoblanadi. Ushbu komissiyaning vazifalari O‘zbekiston Respublikasi
sub’yektlarining hududiy organlari, O‘zbekiston Fanlar akademiyasining faoliyatini
muvofiqlashtirish, fan va texnika yutugqlarini isloh qilish yo‘llarini belgilash va h.k. O“zbekiston
Respublikasi qonun chiqaruvchi organlarining qo‘mitalari innovatsion faoliyat sohasida qonun
tashabbusi bilan chigishlari mumkin. Davlat innovatsion siyosatini shakllantirish va tartibga solish
uchun mas’ul bo‘lgan markaziy ijro etuvchi hokimiyat organi O“zbekiston Respublikasi Energetika
vazirligi hamda O‘zbekiston Respublikasi Oliy ta’lim, fan va innovatsiyalar vazirligi hisoblanadi.
Moliya vazirligi innovatsion siyosatni moliyaviy qo‘llab-quvvatlaydi. Jihozlarning texnik eskirishi va
eskirishining kritik darajasini aniqlash muhim ahamiyatga ega. Boshqacha aytganda, mavjud ishlab
chigarishning doimiy e’tiborni talab giladigan o‘ziga xos muammolari bor. Shuni ham yodda tutish
kerakki, keng kolamli takror ishlab chiqarish bilan ishlab chiqarish kolamining kengayishi
kuzatiladi. Shu bilan birga, yangi texnologiyaning ta'siri tufayli xarajatlarning kamayishi
kuzatilmaydi. Ekstensiv takror ishlab chiqarishdan farqli o‘laroq, kengaytirilgan intensiv takror ishlab

chiqarish yangi texnologiya ta'sirida xarajatlarni tejash (kamaytirish) bilan tavsiflanadi.

Shunday qilib, intensiv kengaytirilgan takror ishlab chiqarish ishlab chiqarishning texnik

darajasini sifat jihatidan oshirishga mos keladi. Bu kengaytirilgan ko‘payishning intensiv turi bilan
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bog‘liq bo‘lgan innovatsion jarayonlarni alohida guruhga ajratish imkonini beradi. Xuddi shunday,
ishlab chiqarishning texnik darajasining sifat jihatidan o‘sishi bilan bog‘liqg bo‘lmagan boshqa barcha
sohalarni aniqlash mumkin. Shunday qilib, joriy ishlab chiqarish va ekstensiv kengaytirilgan takror
ishlab chiqgarish sanoat siyosatining bir yo‘nalishini, intensiv kengaytirilgan takror ishlab chiqgarish
esa boshqasini tashkil etadi. Ushbu bolinish sanoat siyosatida ikkita yo‘nalishni ajratish imkonini
beradi: 1) mavjud ishlab chiqarish va uning keng rivojlanishi sharoitida amalga oshiriladigan va 2)
ishlab chiqarishni intensivlashtirish, ya'ni innovatsion sanoat siyosatini amalga oshirish bilan bog'liq.
Taklif etilayotgan yondashuv nafaqat innovatsion sanoat siyosatini boshqarish ob'ekti sifatida
aniqlash va ajratish, balki boshqaruvning tashkiliy shakllarini shakllantirish bo‘yicha qarorlar qabul
qilish imkonini beradi. Ikkinchisi, bir tomondan, ishlab chiqarishning ilmiy-texnikaviy darajasining
sifat jihatidan osishi bilan bog‘liq bo‘lgan sanoat siyosatining sohalari bilan, ikkinchi tomondan,
mavjud ishlab chiqarish va ishlab chiqarishning ilmiy-texnik rivojlanishining an'anaviy darajasida
rivojlanishi mumbkin bo‘lgan sohalar bilan shug‘ullanishi mumkin. Mamlakat neft sanoatida soliqqa
tortish tizimi bozor munosabatlariga o‘tgandan so‘ng doimiy ravishda sezilarli o‘zgarishlarga duch
keldi. Davlat soliq tizimini isloh qilishi va ijara to‘lovlarini yig‘ishi kerak, chunki amaldagi soliq tizimi
samarasiz. O‘zbekistonda so‘nggi paytlarda differensial ijara haqini olib qo‘yish masalasi juda dolzarb
bo‘lib qoldi. Ijara tolovlarini undirish tizimining yo‘qligi neft kompaniyalari tomonidan ishlab
chiqarishni jadal rivojlantirish uchun mablag® sarflashga intilmayotgan ortiqgcha foydaning
to‘planishiga yordam beradi, bu esa innovatsion siyosatga salbiy ta’sir ko‘rsatadi, ishlab chiqarish
rivojlanishini sekinlashtiradi va chet elga kapital eksportini rag‘batlantiradi. Neft sanoati
korxonalarida boshqaruv tizimini tubdan takomillashtirish, birinchi navbatda, innovatsion
rivojlanishni strategik rejalashtirish jarayonini rivojlantirish zarur. Ishlab chigarishning ilmiy-texnik
darajasini oshirish bo‘yicha kontseptual ko‘rsatmalar mavjud emas. Bunday hujjatlar nafaqat
kompaniya darajasida, balki butun neft va gaz sanoati darajasida ham mavjud emas. Neft-gaz
kompleksini innovatsion rivojlantirish strategiyasi mamlakatni ijtimoiy-iqtisodiy rivojlantirish
strategiyasining bir gismi sifatida ishlab chiqilishi kerak. Ishlab chiqarishning faoliyat yuritishi va

rivojlanishi tizimi innovatsion siyosat asosida qurilishi kerak. (Uzakov[3])
Bizning fikrimizcha, innovatsion siyosat quyidagi asosiy yo‘nalishlarni oz ichiga olishi kerak:

- Birinchidan, davlat darajasidagi maqsadli sozlashlarga asoslanishi kerak bo‘lgan ijtimoiy-

iqtisodiy yo‘nalishlarni belgilash;
- Ikkinchidan, Neft korxonalarini rivojlanishining prognoz parametrlarini aniqlash;

- Uchinchidan, Neft korxonalari faoliyatining barcha sohalarida innovatsion rivojlanishining

aniq parametrlarini belgilash;

- To‘rtinchidan, Neft korxonalarini rivojlantirishni moliyaviy qo‘llab-quvvatlash manbalarini

aniglash;
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- Beshinchidan, innovatsion siyosatni amalga oshirish mexanizmlarini ishlab chigish.

Boshqaruv tizimida neft konlarini innovatsion faoliyatini strategik boshqarish organini yaratish
zarur, bu esa mamlakat milliy iqtisodiyotining osishi uchun resurs salohiyatidan maksimal darajada
samarali foydalanish va mahsulot tannarxini pasaytirish imkonini beradi. Ushbu bo‘lim innovatsion
jarayonlarga alohida e'tibor qaratilishi bilan ishlab chiqarishni rivojlantirishni joriy rejalashtirish
bo‘limidan sifat jihatidan farq qilishi kerak. Mamlakatda innovatsion siyosatni boshqarishning
mustaqil tashkiliy shakllarini ham yaratish zarur. Innovatsion faoliyatni strategik rejalashtirish

organining asosiy maqsad va vazifalari quyidagilardan iborat bo‘lishi kerak:
- Strategik magsadlar va rivojlanish rejalarini ishlab chiqish;
- Iste'molchilarning ustuvorliklarini aniqlash;
- Yangi mahsulotlarni yaratish, joriy etish va bozorga chiqarish;
- Bozor sharoitiga qarab talab qilinadigan ishlab chiqarish hajmini aniqlash;

- Moliyaviy resurslarning ijobiy hajmini aniqlash va ulardan belgilangan vazifaga erishish

uchun foydalanish;

- Raqobatbardosh mahsulotlar yaratish va texnologiyani takomillashtirish maqsadida ilmiy-

texnikaviy siyosatni ishlab chiqish, amalga oshirish va amalga oshirish;
- Mehnat resurslarini takror ishlab chigarishning zarur darajasini ta'minlash;
- Ishlab chiqarish samaradorligini oshirish uchun zaxiralarni aniglash;

- Moddiy, mehnat va moliyaviy resurslardan foydalanish samaradorligini doimiy oshirish

talablari bilan bir qatorda boshqaruv tizimini takomillashtirish;
- Korxona faoliyatining ekologik xavfsizligi;
- Kompaniyalarda ilmiy-tadqiqot ishlarini kengaytirish va chuqurlashtirish;
- Kompaniyaning integratsiya faoliyatini kuchaytirish;
- Yanada zamonaviy texnologiyalarni joriy etish;
- Korporativ rivojlanish omillarini aniqlash (ekstensiv, intensiv,narxning oshishi);
- Turli darajadagi yangi texnologiyalarni joriy etish hisobiga xarajatlarni minimallashtirish;
- Moliyaviy va moddiy resurslardan samarali foydalanish;
- Samaradorlik mezonlariga javob bermaydigan aktivlarni chiqarish;
- Moliyaviy va ishlab chiqarishni rejalashtirish samaradorligini oshirish;

- Moliyaviy resurslarni birlashtirish, optimallashtirish.
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Magqolada strategik rejalashtirish funksiyalarini ishlab chiqarishni ekstensiv yoki intensiv
rivojlantirishga yo‘naltirilganligiga qarab farqlash zarurligi ta'’kidlangan. Birinchisi hamma narsani
oz ichiga oladi, foyda keltiradigan narsa, ikkinchisi - innovatsion rivojlanishga asoslangan ilmiy-
texnik darajani sifat jihatidan oshirish. Neft sektori uchun soligqa tortish tizimi hozirgi vaqtda ishlab
chiqarishning ilmiy-texnik darajasining o‘sishiga va kompaniyalarning investitsiya resurslarining
ko‘payishiga yordam bermaydi, agar neft narxi tushib qolsa, kompaniyalar va umuman sanoat
rivojlanishiga salbiy ta'sir ko‘rsatishi mumkin. Agar biz innovatsion jarayonlarni amalga oshirish va
ijjara daromadidan foyda ofsishi nisbatini oladigan bo‘lsak, vertikal integratsiyalashgan neft
kompaniyalarining yangi texnologiyaga salbiy munosabatining haqiqiy manzarasini ko‘ramiz. Ijara
daromadlari sanoatning innovatsion rivojlanishidan olinadigan qo‘shimcha daromadlardan bir
necha baravar yuqori. Bundan tashqari, neft qazib olishning innovatsion jarayonlariga qo‘shimcha
investitsiyalar uchun uzoq muddatli tolovlarni ta'kidlash kerak. Ular xarajatlarni kamaytirish
imkoniyatlarining cheklanganligi va kapital xarajatlarning katta hajmlari bilan bogliq. Bunday
xarajat va foyda nisbati bilan neft kompaniyalari yuqori narxlarga, xom neft uchun eksport siyosatiga
va sanoatni rivojlantirishning keng usullariga intilishlari ajablanarli emas. Hozirgi vaqtda neft
kompaniyalaridan ortiqgcha daromadlarni undirishning samarali tizimi mavjud emas, chunki neft
solig'i neft konlarida turli ishlab chiqarish sharoitlarida differentsial rentani hisobga olish
mexanizmini ta'minlamaydi. O‘zbekistonda soliq yukining asosiy ulushi 3 turdagi soliglarga to‘g‘ri
keladi: foydali qazilmalarni qazib olish solig‘i, neftga eksport bojxona to‘lovlari va daromad solig'i.
Ularning neft kompaniyalari tomonidan to‘langan soliglarning umumiy miqdoridagi umumiy ulushi
2023 yilda taxminan 65-70 foizni tashkil etdi.

Tadqiqot davomida foydali qazilmalarni qazib olish solig‘ini joriy etishning salbiy natijalarini

aniqlash mumkin edi, ularning asosiylari quyida keltirilgan.
1.Yirik depozitlarda ortigcha foydaning katta hajmlari soliqga tortilmasdan qoladi.

2.Soliq solinadigan foydaning salmogqli gismini past rentabelli sohalar tashkil qiladi. Ko‘pincha,

foydali qazilmalarni qazib olish solig‘ining ta'siri tufayli ular ishlashni to‘xtatadilar.

3.Ishlash muddatlari uzoq bo‘lgan va neftni olish darajasi past bo‘lgan konlar ham oz faoliyatini
to'xtatadi. Ijara daromadi yer osti boyliklari egasi foydasiga qayta tagsimlanishi kerakligi sababli,
davlat haqli ravishda neft kompaniyalaridan turli mexanizmlardan foydalangan holda ijara haqini

iloji boricha ko‘proq olishga intiladi, ya'ni. soliglar va boshqa majburiy to‘lovlarni belgilash orqali.

Biroq bunday intilishlar qazib oluvchi sanoatni rivojlantirish, ayniqgsa, ularning investitsion
faolligi hisobiga kelib chigmasligi kerak. Kon qazib olish tarmoglarida barqaror rentabellik darajasini
ta'minlash uchun konlarni o“zlashtirishning vaqt omili katta ahamiyatga ega bo‘lgan sharoitlarda
davlat konlarni o“zlashtirishning texnologik xususiyatlarini hisobga olishi va tabiiy renta olishning
moslashuvchan mexanizmlaridan foydalanishi kerak. Neft qazib olishda soliglar davlat siyosatining

asosiy vositalari bo‘lib, ular yer qa’ridan foydalanish samaradorligini, sohaning innovatsion va



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

investitsiya salohiyatini oshirishga xizmat qilishi kerak.

Neft sanoatidagi ortiqcha foyda renta xarakteriga ega bo‘lib, barcha sohalarda, barcha xilma-
xilligida namoyon bo‘lganligi sababli, ularni barcha kompaniyalar uchun yagona soliq stavkasidan
foydalangan holda olish qo‘pol xato bo‘lib tuyuladi. Ijara xarakteridagi ortigcha daromadga soliq
stavkasini farglash kerak. Ushbu xulosa neft qazib olish va neftni qayta ishlash sanoati faoliyat
yuritadigan va rivojlanayotgan turli xil sharoitlarni tahlil gilishdan kelib chiqadi (1 va 2-rasmlarga

qarang). (Uzakov[6])

Konlar joylashgan hududning tog‘-geologik sharoitlari: jalb etiladigan zaxiralar hajmi, gatlamlarning yotish
chuqurligi, ularning suv bilan to‘yinganligi, gatlamlaring qalinligi, quduqlaming turli darajadagi debiti.

Y

Y Y

Konlarning geografik va iqgtisodiy xususiyatlari: yogilg‘i-energetika resurslarini iste'mol gilish markazlaridan|
zoqligi, mintaga infratuzilmasining rivojlanganlik darajasi, uning ijtimoiy taraqgiyot ko‘rsatkichlari,
sanoatlashganlik darajasi, xalq xo‘jaligi iqtisodiyotining rivojlanish yo‘nalishi.

Y

Energiya tashuvchilarming tabiiy xususiyatlari: gazib olinadigan yoqilg‘i tarkibidagi komponentlar, tuz]
ritmalari, mexanik aralashmalar, xom ashyo tarkibida gaz va suv mavjudligi, yoqilg‘ining o‘zaro almashtirilish|
imkoniyati.

y

Y Y

nnovatsion siyosat: jismoniy jihatdan eskirgan va ma’'naviy jihatdan eskicha bo‘lgan uskunalarni yangilash,
hlab chigarishni texnik qayta jihozlash jarayonlari, ishlab chigarishni modernizatsiya qilish, neft]
kompaniyalarining ilmiy-texnik bazasini rivojlantirish.

\ 4

1-rasm. Konlarning renta ortiqgcha daromadlariga soliq stavkalarini tabaqalashtirish sabablarining

o‘zaro bog'ligligi.

Soliq stavkalarini differentsiallashtirish jarayonida kengaytirilgan takror ishlab chiqarish turiga
ekstensiv yoki intensivligiga qarab stavkalar hajmini aniglash katta ahamiyatga ega. Soliq siyosati
ishlab chiqarishning innovatsion rivojlanishini rag‘batlantirishi va ishlab chiqarishning ilmiy-texnik
darajasini oshirishi kerak. Neft korxonalarida ishlab chiqarish apparatining, ayniqsa, jismoniy
eskirish 80% ga yetadigan neftni qayta ishlash zavodlarining hozirgi holatini hisobga olgan holda,
zavodlar, agar ular ishlab chiqarishni rivojlantirish natijasi bo‘lsa, foyda soligidan ozod qilinishi
kerak. Ushbu garor muvozanatli yondashuvni talab qiladi. Agar davlat korxonalarni daromad
solig‘idan ozod gilsa, u holda bu moliyaviy resurslardan foydalanish sifatini, shu jumladan musodara
qgilishgacha bo‘lgan nazoratni amalga oshirishi shart. Sanoatning ishlab chiqarish apparati tez orada
milliy miqyosdagi qiyinchiliklarga duch kelishi mumkin bo‘lgan paytda neft kompaniyalarining

ortigcha daromadlarini shubhali xarajatlarga ishlatishni to‘g‘ri deb bo‘lmaydi.
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2-rasm. Konlardan qazib olish hajmlari va quduqlarning debetiga qarab imtiyozli soliq

stavkalarining shakllanishi.

2-rasmda imtiyozli soliq stavkalarining shakllanishi aks ettirilgan. R - Ordinatalar o‘gida qazib
olish hajmi dinamikasi, Q — debet, N soliq stavkasi, G - abssissalar o‘gida, O - konining ishlash
davomiyligi, natural ifodadagi mahsulot, sotilgan mahsulot narxi aks ettiriladi. R - egri chizig‘i A -
nuqtadan C - nuqtagacha konni qazib olishning boshlanishi va oxirigacha bo‘lgan uglevodorodlarni
qazib olish hajmi jarayonini tavsiflaydi. B - nuqta maksimal qazib olish hajmiga to‘g’ri keladi.
Diagramma shuni ko‘rsatadiki, qazib olishning boshlang‘ich va yakuniy bosqichlari soliglar bo‘yicha
alohida yondashuvni talab qiladi. Q - egri chizigi qudugqlar debitining dinamikasini tavsiflaydi, bu
ham imtiyozli shartlarni talab qiladi. Biroq, B - nuqtadan C - nuqtagacha debetning o‘sishi
innovatsion omillar ta’sirining natijasidir. Masalan, gorizontal va gorizontal-tarmoqlangan qudugqlar

yordamida konlarni ishlatish texnologiyasi joriy debitlarni bir necha barobar oshiradi.

Innovatsion omillardan foydalanish, muallifning fikriga ko‘ra, Soliq kodeksidagi soliq yukini
engillashtirishi yoki olib tashlashi kerak. Bizningning fikrimizcha, ijara to‘lovidan ortiqcha
daromadlarni davlat va soliq tolovchi o‘rtasida tagsimlash muhim masaladir. Ushbu muammoning
universal echimi NC ga intensiv kengaytirilgan ko‘paytirishni amalga oshirish imkonini beradi. G*arb
rivojlangan mamlakatlar tajribasi shuni ko‘rsatadiki, ortiqcha foydaning 20-30% MKlarga samarali
innovatsion siyosatni amalga oshirish imkonini beradi. Bu tub chora-tadbirlarni xo‘jalik amaliyotiga
joriy etish juda ehtiyotkorlik bilan amalga oshirilishi kerak. Har doim esda tutish kerakki, NTCning
respublika byudjetdagi ulushi 10-12%, eksportda - 45%, valyuta tushumlari miqdorida - 45%. Shu
sababli, NGK boshqaruv tizimining sifat parametrlarini o‘zgartirishda katta e'tibor talab etiladi.
Samarali innovatsion siyosatni amalga oshirish uchun soliq imtiyozlari tizimini joriy etish taklif
etilayotgan chora-tadbirlarni amalga oshirish uchun zaxira bo‘lishi mumkin. Imtiyozli soliqqa tortish
soliq solinadigan bazani kamaytirish yoki soliq stavkalarini pasaytirish yoki soliq to‘lovlari miqdorini
kamaytirish orqali amalga oshirilishi mumkin. Asosiysi, ishlab chiqarishni texnik yangilashning har
ganday turini emas, balki mahsulot birligi tannarxini pasaytiradigan va kapital xarajatlar o‘rtacha
foyda darajasiga mos keladigan narsalarni rag‘batlantirishdir. Shuni yodda tutish kerakki, taklif
etilayotgan radikal chora-tadbirlar soliq organlaridan ortiqcha foydani musodara gilmasdan turib

kutilgan natijani bera olmaydi. Shuning uchun bu choralar bir vaqtning o‘zida va kechiktirmasdan
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amalga oshirilishi kerak.

Xulosa

Mamlakat neft sanoatining G‘arb texnologiyalariga qaramligini kamaytirish uchun davlat va
biznes tomonidan mahalliy mashinasozlikni rivojlantirish bo‘yicha strategik dastur ishlab chiqish
zarur. Har bir neft korxonalari ishlab chiqarish faoliyatining asosiy turlarini (mijozlarning
funksiyalari) o‘zining ilmiy-texnik ta'minotiga ega bo‘lishi kerak. Texnik jihatdan qayta jihozlash va
rekonstruksiya qilish sanoatni rivojlantirishning eng muhim yo‘nalishlari bolishi kerak. Bu ishlab
chiqarish tuzilmasini sezilarli darajada yaxshilaydi, mahsulot hajmining jadal o‘sishini ta'minlaydi.
Bizning fikrimizcha, Neft korxonalari boshqaruv tizimida innovatsion rivojlanish muammolarini
aniqlash va ularni ixtisoslashtirilgan tashkilotga buyurtma berish orqali hal qilishga qaratilgan
innovatsion rivojlanish bo‘limi ajratish kerak - yanada ilg‘or texnologiyalarni joriy etish orqali qazib
olish, qayta ishlash, tashish xarajatlarini kamaytirish. Innovatsion rivojlanish bo‘limining vazifalari
quyidagilardan iborat bo‘lishi kerak: ishlab chiqarishning texnik darajasini oshirish; rentabellik,
aktivlar rentabelligi va mehnat unumdorligi darajasini oshirish; kapital qo‘yilmalar samaradorligini
oshirish; xarajatlarni kamaytirish; asbob-uskunalar sifatini va uning ishlash ishonchliligini oshirish;
atrof-muhit muhofazasini yaxshilash va uning ifloslanishining oldini olish; ilg‘or texnologiyalarni
doimiy ravishda izlash maqgsadida ilmiy tadgiqotlar hajmini oshirish; innovatsion rivojlanishni

boshqarishning texnik vositalari va tashkiliy shakllarini takomillashtirish.
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COMPARATIVE
ANALYSIS OF DATA
MINING METHODS FOR
EARLY DETECTION

OF ONCOLOGICAL
DISEASES

bstract: This paper presents a comprehensive review
and comparative analysis of modern machine
learning algorithms and intuitionistic fuzzy set
methods applied to the early diagnosis and risk predection of
oncological diseases, with a particular focus on cervical cancer.
The study evaluates classical and ensemble models, including
Random Forest, XGBoost, AdaBoost, SVM, Decision Trees,
and deep learning architectures, analyzing their accuracy,
interpretability, and clinical applicability. Special emphasis is
placed on the application of IFS theory, utilizing Euclidean and
Hamming distances, as a robust tool for medical diagnosis.
Experimental findings from over 60 sources demonstrate
that ensemble methods (Random Forest, AdaBoost) and
hybrid approaches (CatBoost, Majority Voting) achieve the
highest predictive accuracy, with Random Forest reaching
100% in cervical cancer classification tasks. The stability and
reproducibility of the IFS-based diagnosis method are also
highlighted, confirming its potential for integration into
intelligent clinical decision support systems. This study lays
the foundation for developing personalized medical solutions
based on machine learning and fuzzy logic techniques.
Keywords: machine learning, data mining, disease
prediction, early cancer detection, Random Forest, ensemble
methods, intuitionistic fuzzy sets, Euclidean distance,
Hamming distance, cervical cancer, intelligent medical
systems.
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Introduction

The early detection of oncological diseases remains one of the most critical challenges in
modern healthcare. Timely identification of cancer significantly increases survival rates, reduces
treatment costs, and enhances the quality of life for patients. In this context, the integration of
artificial intelligence, particularly machine learning and data mining methods, has opened new

avenues for improving diagnostic accuracy and clinical decision-making.

With the exponential growth of medical data - from electronic health records and imaging to
genomic and laboratory results - there is a growing need for intelligent systems capable of extracting
meaningful patterns and predictive features. Data mining algorithms, encompassing classical
statistical models, supervised and unsupervised machine learning techniques [17-19], as well as
ensemble and deep learning architectures, have demonstrated remarkable performance in diagnosing

complex diseases such as cervical, breast, lung, and skin cancers.

Recent studies have highlighted the potential of ensemble methods like Random Forest,
XGBoost, and AdaBoost to achieve high diagnostic precision. At the same time, interpretable models
such as Decision Trees and Support Vector Machines offer transparency essential for clinical
adoption. Furthermore, the use of fuzzy logic, particularly Intuitionistic Fuzzy Sets (IFS), has proven
effective in handling uncertainty and imprecision inherent in medical data, thereby enhancing the

robustness and generalizability of diagnostic models.

This paper aims to present a comprehensive comparative analysis of modern data mining
techniques for the early detection of oncological diseases. It synthesizes findings from over sixty
scientific sources, evaluates model performance across multiple clinical tasks, and highlights the role
of IFS-based approaches in medical diagnostics. The insights obtained contribute to the design of

intelligent decision support systems that support personalized and evidence-based medicine.

Comparative Study of Data Mining Approaches for Oncological Diagnostics

The rapid development of machine learning and data mining technologies has significantly
expanded their applications in the field of medical diagnostics, particularly in oncology. In this study,
a detailed comparative analysis of various machine learning algorithms was conducted with the aim

of identifying the most effective methods for the early detection of oncological diseases.

The evaluation included classical algorithms such as Support Vector Machine (SVM), Decision
Tree (DT), and Logistic Regression (LR), as well as advanced ensemble methods like Random Forest
(RF), XGBoost, AdaBoost, and CatBoost. Deep learning architectures, including Convolutional
Neural Networks (CNN) and Multilayer Perceptrons (MLP), were also considered. Furthermore, the
study examined hybrid approaches and the application of Intuitionistic Fuzzy Sets (IFS) for diagnostic

purposes.
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The performance of these algorithms was assessed based on various clinical datasets covering
diseases such as cervical cancer, lung cancer, melanoma, cardiovascular diseases, and diabetes-related
oncological risks. Special attention was given to metrics such as accuracy, Area Under the Receiver
Operating Characteristic Curve (AUC-ROC), interpretability, robustness to missing data, and clinical
applicability.

In this section, recent scientific works are reviewed that illustrate the application of these
machine learning and data mining methods in practical healthcare tasks. Key findings, strengths, and
limitations of each method are discussed, with a particular focus on their potential for integration

into intelligent decision support systems for personalized medicine.

In the study Nafiseh Ghaffar Nia and his colleagues [1], discuss the application of artificial
intelligence methods for disease diagnosis and prediction using machine learning and deep learning
algorithms. The following methods are analyzed: Support Vector Machine (SVM), Random Forest
(RF), K-Nearest Neighbors (KNN), Decision Tree (DT), Deep Belief Network (DBN), Long Short-
Term Memory (LSTM), and Convolutional Neural Network (CNN). The CNN algorithm achieved
an accuracy of 98.91% for COVID-19 and 99.51% for breast cancer. The SVM method demonstrated
up to 99.51% accuracy, Random Forest achieved up to 95.58%, K-Nearest Neighbors reached 96.33%,
and Decision Tree achieved 93.62%. CNN and SVM algorithms showed the best performance in the
tasks of diagnosing oncological and viral diseases. A schematic representation of the main directions
of machine learning (ML) is provided: models are divided into three large categories — supervised
learning, unsupervised learning, and reinforcement learning — each including a number of widely

used algorithms (e.g., Support Vector Machine (SVM), K-means clustering, and others).

In the research Kamrul Hasan and his colleagues [2], address the problem of early detection of
cardiovascular diseases using machine learning methods with a focus on hyperparameter
optimization. The Cleveland dataset (303 records) and the extended Comprehensive dataset (1025
records) were utilized.The following algorithms were applied:Logistic Regression, K-Nearest
Neighbors (KNN), Support Vector Machine (SVM),Decision Tree (DT), Random Forest (RF), and
XGBoost.Hyperparameter tuning was performed using GridSearchCV.The Support Vector Machine
(SVM) achieved an accuracy of up to 88%, the Decision Tree (DT) reached 78%, and both XGBoost
and Random Forest achieved up to 99% accuracy on the larger dataset.The most effective methods

were ensemble techniques — XGBoost and Random Forest.

In the study Tewodros Mulugeta and colleagues [3], analyze the impact of hyperparameter
tuning on the accuracy of cardiovascular disease prediction using the GridSearchCV method.The
following algorithms were tested: Logistic Regression, K-Nearest Neighbors (KNN), Support Vector
Machine (SVM), Decision Tree (DT), Random Forest (RF), and XGBoost, using the Cleveland dataset
(303 records) and a combined dataset (1025 records).The Support Vector Machine (SVM) achieved
an accuracy of 87.91% on the smaller dataset, while XGBoost reached 99.03% on the larger
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dataset.The Decision Tree (DT) and Random Forest (RF) showed up to 98.05% accuracy.Logistic
Regression and K-Nearest Neighbors (KNN) achieved approximately 82%.XGBoost demonstrated

the best performance when working with extended datasets.

In the study Fangxuan Li and others [4], describe a predictive model for gastroparesis following
complete mesocolic excision for colorectal cancer based on clinical and surgical data from 1146
patients.Four algorithms were tested: XGBoost, Random Forest, Support Vector Machine (SVM), and
K-Nearest Neighbors (KNN).The evaluation was conducted using k-fold cross-validation, ROC and
DCA curves, while interpretability was achieved through SHAP analysis.The XGBoost model
demonstrated high accuracy and stability during both internal and external validation. Among all

algorithms, XGBoost showed the best results in predicting gastroparesis (Figure 1).
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Figure 1. ROC, calibration, and DCA curves for evaluating gastroparesis prediction models.[4]

Figure 2 illustrates the internal and external validation of the XGBoost model, including a
comparison of ROC curves for the training, validation, and test datasets, which enabled an assessment

of the model's stability and generalization ability when applied to different samples.
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Figure 2. ROC curves of the XGBoost model for training, validation, test sets, and external
validation.[4]

In the article Jiwon Baek and colleagues [5], present a deep learning model for predicting fellow
eye neovascularization in patients with unilateral type 3 macular neovascularization.The study used
data from 217 patients, including fundus photographs and OCT images of the fellow eye, processed
using the VGG architecture, data augmentation, and transfer learning techniques.The model
achieved an AUC of 67.5% and an accuracy of 66.7%, comparable to the performance of experienced
ophthalmologists.The deep neural network model delivered the best results, although its accuracy was

limited by the complexity of the task and the relatively small dataset.

In the scientific work Ying Wang and colleagues [6], present a diagnostic model for active
tuberculosis based on plasma immune profiling using 92 biomarkers. The following algorithms were
applied: Support Vector Machine (SVM), Decision Tree (DT), Naive Bayes, Logistic Regression,
Linear Discriminant Analysis (LDA), K-Nearest Neighbors (KNN), and Neural Network. The data
were collected from 222 patients with various clinical conditions. The Support Vector Machine
(SVM) model achieved an AUROC between 0.89 and 0.99 for diagnosing active tuberculosis,
exceeding 0.95 in severe cases, and greater than 0.8 in outcome prediction. Among all tested methods,

SVM demonstrated the highest accuracy and stability in both prognosis and diagnosis.
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In the study Jun Chen and colleagues [7], investigate the differentiation of lymphoma and
benign lymph node lesions in cases of fever of unknown origin (FUO) using radiomics based on 18F-
FDG PET/CT imaging.The models were built using Logistic Regression, Support Vector Machine
(SVM), Random Forest (RF), and K-Nearest Neighbors (KNN), with feature selection performed via
the LASSO method.Training was conducted on data from 143 patients, with testing on a separate
cohort of 61 patients.The Random Forest (RF) algorithm demonstrated the best performance,
achieving an accuracy of 97.9% and an AUC of 0.998 during training, and an accuracy of 83.9% with
an AUC of 0.915 during testing.Other models also showed good performance, but Random Forest
proved to be the most accurate tool for lymphoma diagnosis based on radiomic data. In figure 3 (a)
and (b) present the ROC curves of four models on the training and test datasets, respectively (Figure
3).
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Figure 3. ROC curves of four models.[7]

In the research work Benjamin M. Schmidt and others [8], present machine learning models
for the early prediction of cervical cancer based on electronic health records (EHR) from a Swedish
clinical database. The study analyzed data from 1321 patients and 16,212 control records,
encompassing diagnoses, prescriptions, procedures, laboratory results, and clinical text entities
extracted using Long Short-Term Memory (LSTM) networks and Named Entity Recognition (NER).
A hierarchical feature structure was employed to enhance model performance. Among the tested
models, Random Forest achieved the best outcomes: an AUC of 0.97 one day before diagnosis and
0.70 one year before diagnosis, with an accuracy of up to 0.92 and a specificity exceeding 97%. The
Random Forest model demonstrated excellent accuracy and interpretability, particularly when

working with textual data and hierarchical feature representations (Figure 4).
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Figure 4. Comparison of AUC and misclassification rates between the old integer score system, the
new multivariate logistic regression model, and the new integer score system.[§]

In the paper H. Chen and other researchers from Harvard Medical School [9], present the
CHIEF artificial intelligence model for the diagnosis, prognosis, and identification of molecular
characteristics of oncological diseases based on histopathological images. The model was trained on
more than 15 million images and tested on 32 independent datasets from 24 clinics. CHIEF achieved
an accuracy of 96% in analyzing biopsy samples and 94% in surgical samples, showing an
improvement in accuracy by 8-10% compared to existing solutions and demonstrating high
efficiency in detecting BRAF, NTRK1, and EZH2 mutations. The CHIEF model exhibited excellent

accuracy and significant potential for application in personalized oncology.

In the research work Giuseppe Mercante and colleagues [10], explore the application of
machine learning methods to improve the performance of ultrasound (US) imaging in head and neck
oncology. The review includes an analysis of modern models such as Support Vector Machine (SVM),
Random Forest (RF), Decision Tree (DT), Convolutional Neural Network (CNN), and Neural

Networks, used for automatic classification of benign and malignant lesions, tumor segmentation,
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and sonographic data interpretation. The studies reviewed demonstrate that the use of machine
learning models enables classification accuracies of up to 94-96% in diagnosing thyroid, salivary
gland, and lymph node cancers. Ensemble methods and deep learning approaches, particularly CNNs,
are recognized as the most promising, especially when working with large datasets and pre-annotated
samples. Thus, machine learning significantly enhances the diagnostic value of ultrasound imaging

in head and neck oncology, especially through the application of deep neural networks (Figure 5).

In the article Meenu Gupta and colleagues [11], present a cervical cancer prediction model
based on the open UCI dataset, comprising 858 records and 32 risk features. The tested algorithms
included Random Forest (RF), Decision Tree (DT), Adaptive Boosting (AdaBoost), Support Vector
Machine (SVM), Logistic Regression (LR), and K-Nearest Neighbors (KNN). Ensemble methods —
Random Forest, Decision Tree, and Adaptive Boosting — achieved 100% accuracy. The Support
Vector Machine reached 99%, Logistic Regression 98%, and K-Nearest Neighbors 95%, although the
latter demonstrated low recall (31%). Ensemble algorithms exhibited the best results and highest

reliability in early diagnosis tasks.

The most commonly employed ML technique for classification was support vector machine
(SVM) followed by multivariate logistic regression and k-nearest neighbor (kNN).
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Figure 5. Machine learning methods in ultrasound radiomics for head and neck oncology.[9]

In the study by Xue Li et al. [12], lung cancer risk prediction varied by histological subtype. For
adenocarcinoma (ADC), the XGBoost algorithm with SNP data achieved an AUC of 0.699 (95% CI:
0.666-0.733), significantly outperforming the baseline logistic regression model (AUC = 0.639, p =
0.009). This supports the idea that genetic markers like CHRNB3 rs4236926 improve ADC prediction

when used with machine learning.
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For squamous cell carcinoma (SCC), the highest AUC (0.833) came from a logistic regression
model using epidemiological data and SNPs (p = 0.491 vs. baseline AUC = 0.818). This suggests that
in SCC, where factors like smoking and age dominate, traditional models remain more effective than

complex ML algorithms.

Table 1. Lung cancer risk prediction (ADC and SCC).[12]

AUC
Model Method AUC 95% CI Sensitivity Specificity p
ADC - Adenocarcinoma
Epidemiol - 0.606-
pIemiolosy” 1R 0.639 0.632 0.596 Ref
only model 0.669
0.652-
XGBoost 0.683 0.638 0.666 < 0.001
0.714
0.633-
Full model LR 0.666 0.551 0.695 0.255
0.698
0.666-
XGBoost 0.699 0.739 0.567 0.009
0.733

SCC - Squamous Cell Carcinoma

Epidemiology- 0.786-
LR 0.818 0.786 0.737 Ref
only model 0.847
0.785-
XGBoost | 0.814 0.754 0.788 0.848
0.842
0.805-
Full model LR 0.833 0.745 0.805 0.491
0.859
0.782-
XGBoost | 0.816 0.762 0.745 0.893
0.847

In the study G. Saravanan, and colleagues [13], propose a hybrid approach for diagnosing skin
melanoma using dermatoscopic images and machine learning algorithms. The tested methods
included K-Nearest Neighbors (KNN), Support Vector Machine (SVM), Convolutional Neural
Network (CNN), Naive Bayes, and the ensemble method Majority Voting. The highest accuracy
(99.23%) was achieved by the Majority Voting ensemble model. Among individual algorithms, Naive
Bayes (98.21%) and Support Vector Machine (97.93%) demonstrated the best results, while the
Convolutional Neural Network (97.88%) showed stable efficiency even with a limited dataset. The
ensemble Majority Voting method exhibited excellent performance and high potential for clinical

application.

In the study Qian Qiu and colleagues [14], present a cancer risk prediction model for patients
with type 2 diabetes based on 107 clinical and laboratory indicators selected from 1381 features.
Sixteen algorithms were tested, including Logistic Regression (LR), Support Vector Machine (SVM),
Naive Bayes, K-Nearest Neighbors (KNN), Adaptive Boosting (AdaBoost), Random Forest (RF),
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XGBoost, LightGBM, and CatBoost. The best performance was demonstrated by CatBoost, achieving
an AUC of 85.2% and an accuracy of 79.6%. LightGBM and Random Forest also performed strongly,
with AUC values of 83.6% and 83.3%, respectively. CatBoost delivered the highest balanced efficiency,
making it the preferred method for cancer risk prediction based on routine medical tests (Figure 6).
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Figure 6. ROC curves of the top five classifiers.[14]

In the scientific work Tingting Wu and colleagues [15], develop a predictive model for
postoperative survival in patients with gastric cancer based on SEER data (11,414 records) and
external validation on a Chinese cohort (2846 patients). The study compares deep learning (DL),
multitask logistic regression (MTLR), Random Survival Forest (RSF), and the clinical TNM staging
system. The deep learning model achieved the highest AUC values: up to 0.82 on the training dataset
and 0.77 on the external validation dataset. It also provided superior clinical utility and calibration.
The deep learning approach demonstrated excellent predictive performance and generalizability,

making it the most promising tool for survival prediction.

In the study Chan S. W. and Abdullah L. [16], developed a cancer diagnosis method based on
Intuitionistic Fuzzy Sets (IFS) using Euclidean and Hamming distances. The methodology involved
forming intuitionistic fuzzy relations between patient symptoms and various types of cancer,
including lung, breast, colorectal, nasopharyngeal, and cervical cancers. The resulting data, presented
in Table 2, reflected the computed distances between patients and cancer types. A comparison of
results using Euclidean and Hamming distances demonstrated consistency, confirming the
effectiveness of applying IFS in medical diagnostics. The authors highlighted the stability and
reproducibility of the proposed method for determining the probable type of oncological disease
(Table 2).
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Table 2. Results of IFS Euclidean distance calculations between patients and various types of
cancer.[16]

Patient’s Lung Breast Colorectal Nasopharyngeal Cervical
name Cancer Cancer Cancer Cancer Cancer
Fati 0.3844 0.3667 0.1826 0.2769 0.1414
Lam 0.4295 0.4123 0.0816 0.3958 0.1563
Kuz 0.2687 0.2867 0.4269 0.1453 0.3873
Shei 0.1915 0.1453 0.4177 0.2789 0.4082
Hal 0.0943 0.1633 0.4256 0.3018 0.4041

Research results

The conducted analysis of scientific articles on the application of machine learning algorithms
in medical diagnosis and prognosis demonstrated the high effectiveness of modern models,
particularly in the early detection of oncological diseases. The Random Forest (RF) algorithm showed
the highest performance, achieving up to 100% accuracy in diagnosing cervical cancer and 99.5% in
breast cancer detection. It also demonstrated reliability in survival prediction and lymphoma
diagnosis.The Support Vector Machine (SVM) algorithm provided up to 99.5% accuracy in oncology
tasks and over 95% accuracy in diagnosing COVID-19 and diabetes, showing strong performance
even with limited training data. Despite its simple structure, the Decision Tree (DT) algorithm
achieved up to 100% accuracy in individual studies and is noted for its high interpretability, which is

particularly valuable for clinical decision support systems.

In addition, ensemble and hybrid methods such as XGBoost, AdaBoost, CatBoost, and Majority
Voting demonstrated excellent results, especially in melanoma diagnosis and cancer risk prediction
tasks. Thus, RF, SVM, DT algorithms, as well as ensemble approaches, demonstrated the best
accuracy and applicability for medical AI systems.A particularly important finding is the use of
Intuitionistic Fuzzy Sets (IFS) as proposed by Chan S.W. and Abdullah L. [16]. Their method, based
on Euclidean and Hamming distances, proved to be stable and reproducible, enabling the effective
classification of various cancer types. This approach opens up new opportunities for the integration
of fuzzy logic methods into clinical diagnostic systems.However, to enhance the reliability and
reproducibility of predictive models, it is necessary to standardize data, perform multicenter

validation, and ensure the integration of these solutions into existing clinical protocols (Table 3).

Table 3. Performance Comparison of Machine Learning and Intuitionistic Fuzzy Methods in

Disease Diagnosis and Prediction
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Accuracy (AUC-

Ne | Al methods Application Area
PP ROC)
1 Random Forest | Diabetes prediction, heart disease prediction 91% (diabetes)
2 (RF) Heart disease prediction (Cleveland dataset) 82-98%
Random 84.62% (Dataset-
Forest _ , . D),
3 . Cardiovascular disease prediction
Classifier 98.05% (Dataset-
(RFC) 1)
Adapti
4 ap ‘1ve Cervical cancer classification 100%
Boosting (AB)
B 1li Nai 61% ,
5 Crnou Nalve Analysis of the presence/absence of medical events 6 (per year)
Bayes (BNB) 92% (per day)
6 CatBoost (CB) | Cancer risk prediction 85%
7 Cardiovascular disease classification 95%
8 Heart disease prediction (Cleveland dataset) 88-90%
84.62% (Dataset-
D,
9 Cardiovascular disease prediction )
98.05% (Dataset-
1)
10 Risk prediction of post'op.)erative' gas.troparesis after 85.70%
complete mesocolic excision (validation cohort)
Risk prediction of postoperative gastroparesis after
11 complete mesocolic excision (external validation | 72.10%
Support Vector
Machine cohort)
12 (SVM) Diagnosis and prediction of active tuberculosis 89-99%
Diagnosis of lymphoma in patients with fever of
13 . 86.60%
unknown origin (FUO) [4]
14 Diagnosis of lymphoma in patients with fever of 93%
unknown origin (FUO) (7] °
12-32% >
15 High-dimensional feature classification © (per year)
80% (per day)
16 Disease classification by systems 50%
17 Diagnosis of nodule malignancy 99%
18 Cervical cancer classification 99%
19 Melanoma classification 97.93%
83% 1 >
20 Breast and lung cancer diagnosis © (oncology)
93.62% (cancer)
21 . Heart disease prediction (Cleveland dataset) 97%
Decision Tree 61.32% (Datasct
(DT) X .32% ataset-
22 Cardiovascular disease prediction i

97.08% (Dataset-
1)
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L Accuracy (AUC-
Ne | Al methods Application Area ROC)
23 Diagnosis and prediction of active tuberculosis 82-93%
24 Disease classification by systems 50%
25 Cervical cancer classification 100%
Deep  Belief
26 | Network Medical data analysis for pathology detection 8_8% _(p athology
diagnosis)
(DBN)
Complement 45-85%
27 | Naive Bayes | Handling class imbalance in data (depending on the
(CNB) term)
Multilayer
28 | Perceptron Disease prediction based on symptoms 99.17%
(MP)
29 Diabetes and skin disease diagnosis (diabetes) 87%
87.91% (Dataset-
30 Cardiovascular disease prediction D.
83.44% (Dataset-
1)
31 Heart disease prediction 83.90%
32 K-Nearest Cardiovascular disease prediction 70.80%
33 | Neighbors Diagnosis and prediction of active tuberculosis 77-85%
34 (KNN) Lymphoma diagnosis (fever of unknown origin) 86.10%
(FUO) [4]
35 Lymphoma diagnosis (fever of unknown origin) 93.80%
(FUO) [7]
36 Disease classification by systems 50%
37 Cervical cancer classification 95%
38 Melanoma classification 96.11%
Multivariate
39 LOngth. Preoperative diagnosis / combined models 83-93%
Regression
(MLR)
Complement 45-85%
40 | Naive Bayes | Handling class imbalance in data (depending on the
(CNB) term)
41 | Naive Bayes | Therapy response prediction 87%
42 | (NB) Benign/malignant tumor classification 98.21%
43 Heart disease prediction (Cleveland dataset) 82-87%
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Accuracy (AUC-
Ne | Al method Application A
methods pplication Area ROC)
85.71% (Dataset-
D,
44 Cardiovascular disease prediction )
82.14% (Dataset-
1)
45 Diagnosis and prediction of active tuberculosis 85-92%
Logistic Lymphoma diagnosis (fever of unknown origin) .
46 | Regression (FUO) [4] 86%
. (LR) Lymphoma diagnosis (fever of unknown origin) 93.60%
(FUO) [7] e
48 Cervical cancer classification 98%
General lung cancer risk model (considering SNPs
49 ) 74.20%
and risk factors)
50 Squamous cell lung cancer (SCC) prediction 83.30%
Multivariate
Logisti
51 G 1c. Preoperative diagnosis / combined models 83-93%
Regression
(MLR)
General lung cancer risk model (considering SNPs
52 75.90%
and others)
53 Cancer risk prediction in men 79.10%
XGBoost ; T
54 (XGB) Cancer risk prediction in smokers 78.50%
55 Lung adenocarcinoma (ADC) prediction 69.90%
56 Cancer risk prediction 83%
57 Cancer risk prediction 83%
58 Heart disease prediction (Cleveland dataset) 82-99%
Extreme
Gradient 79.12% (Dataset-
. I ,
59 | Boosting Cardiovascular disease prediction :
(XGB) 99.03% (Dataset-
1)
Gradient
60 @ lfm Cancer risk prediction 82%
Boosting (GB)
61 Cervical cancer diagnosis 100%
62 L Colorectal cancer diagnosis 99.89%
Intuitionistic - -
63 Nasopharyngeal cancer diagnosis 99.72%
fuzzy sets (IFS) - -
64 Breast cancer diagnosis 100%
65 Lung cancer diagnosis 100%

This diagram presents an analysis of the accuracy of machine learning algorithms in medical

diagnostics, revealing that the Random Forest (RF) algorithm demonstrated the highest performance,
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achieving 100% accuracy in cervical cancer classification. Comparable effectiveness was shown by

AdaBoost and Decision Tree (DT) algorithms, highlighting the high reliability of ensemble methods.

High accuracy rates were also recorded for the Multilayer Perceptron (MLP) — 99.17%,
Support Vector Machine (SVM) — 99.5%, and the hybrid Majority Voting approach — 99.23%.
Algorithms such as XGBoost, CatBoost, and LightGBM demonstrated stable efficiency in predicting
oncological and cardiovascular diseases.Thus, Random Forest (RF) can be considered the most

effective method for early diagnosis (Figure 7).

Accuracy

Intuitionistic fuzzy sets (IFS)
XGBoost
Support Vector Machine (SVM)

Majority Voting

Multilayer Perceptron (MLP)
Decision Tree
AdaBoost

Random Forest

90% 91% 92% 93% 94% 95% 96% 97% 98% 99% 100%

Figure 7. Chart of algorithms with the highest disease prediction accuracy.

The analysis of the diagram, compiled based on the reviewed sources, demonstrates the high potential
of machine learning algorithms in cancer diagnosis and prognosis tasks. The highest accuracy (100%)
was achieved by the Random Forest, AdaBoost, and Decision Tree algorithms in the classification of

cervical cancer, breast cancer, and lymphomas, confirming their reliability in clinical practice.

High performance was also shown by the Support Vector Machine (SVM), Convolutional Neural
Network (CNN), and Multilayer Perceptron (MLP) algorithms, with accuracy ranging from 99.17%
to 99.51%.The GPT-like CHIEF model achieved 94% accuracy in multi-cancer diagnosis (covering
19 types of cancer), highlighting the potential of transformer-based architectures. The lowest, yet still
substantial, results were demonstrated by LightGBM (83.6%) and CatBoost (85.2%) in cancer risk

prediction tasks among patients with diabetes (figure 8).
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Accuracy
100% 100% 100% 100%
99.50% 99.51%
99.17% 99.23%
99.03%
98.21%

M Random Forest mAdaBoost (1 Decision Tree

@ XGBoost @Support Vector Machine (SVM) @ Mutltilayer Perceptron (MLP)

1 Majority Voting (aHcambnb) CNN (Convolutional Neural Network) Naive Bayes

@ Intuitionistic fuzzy sets (IFS)

Figure 8. Accuracy of Al models in cancer diagnosis.

The pie chart presents a comparative assessment of the accuracy (or AUC) of machine learning
models for the detection of various diseases. The highest value (100%) was obtained for cervical
cancer classification using UCI data, indicating a perfect match between the model’s predictions and
actual diagnoses. A similarly high result — 99.8% — was recorded for the identification of lymphoma
in patients with fever of unknown origin (FUO), particularly on the training dataset. Other
pathologies also demonstrated similarly high accuracy levels: 98.05% in cardiovascular disease
prediction and 97% when working with EHR data for cervical cancer one day before diagnosis.The

lowest, yet still high, result — 91% — was recorded in diabetes prediction (figure 9).

AUC / ROC

| Cervical cancer

m Cervical cancer (by EHR)

m Lymphoma in fever of unknown
origin (FUO)

I Diabetes

m Cardiovascular diseases

Figure 9. Classification accuracy
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Conclusion

The analysis of scientific researches on the application of machine learning methods in
medical diagnostics demonstrates the high effectiveness of modern algorithms, particularly in the
early detection of oncological diseases. In this study, a dataset of 1000 cervical cancer cases was
collected to support the research. Among the analyzed methods, the Random Forest (RF)
algorithm exhibited the most outstanding results, achieving 100% accuracy in diagnosing cervical
cancer and demonstrating high stability in predicting the survival rates of oncology patients.
Ensemble methods such as XGBoost and AdaBoost, along with the Support Vector Machine
(SVM) and Decision Tree (DT), also Intuitionistic fuzzy set algorithms, confirmed their reliability

and interpretability for clinical use.

Special attention should be given to the work of Chan S.W. and Abdullah L. [16], who
proposed the use of Intuitionistic Fuzzy Sets for cancer diagnosis. The application of Euclidean
and Hamming distances enabled high stability and reproducibility in classification results, opening
new prospects for integrating fuzzy logic into clinical diagnostic systems. Thus, the integration of
algorithms such as Random Forest, SVM, and models based on IFS represents a promising

direction for the development of reliable intelligent decision support systems in medicine.
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SIMULATION ANALYSIS
OF IMPROVING THE
ENERGY EFFICIENCY
OF SINGLE-PHASE
AND THREE-PHASE
RECTIFIERS IN
DIGITAL METHODS

bstract: This article discusses the structure of one-
Aphase and three-phase rectifiers, their principles of

operation, voltage, and current. Diagrams, corrective
coefficients, advantages and disadvantages, their energy
methods to improve the effectiveness of the project, and also
methods for grinding output parameters of one- and three-
phase rectifiers, time charts and the impact on network quality
indicators were considered.

Key words: bridge scheme, capacity, current, filter, energy
efficiency, rectifier, single-phase, three-phase, voltage.
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Introduction

Two Semi-Closed Rectifier Circuits — Advantage: Rectifier in this Circuit Compared to a single
half-circuit rectifier, its pulse is half as small. One capacitance of the capacitor at the same ripple
coefficient as that of the half-loop rectifier can be twice as much. Disadvantages: complexity of the
design of the transformer and in the transformer Jump to search Bridge chain straightener - an
advantage: compared to a semi-circular straightener in the bridge scheme, the level of pulmonation
is 2 times less, high efficiency of work, the transformer is used rationally, its design power is reduced
[1]. When the level of pulsation is the same in relation to the two half-cycle schemes, a simpler
transformer design is used in the bridge scheme. The reverse voltage of the valves may be considerably
lower than in previous schemes. Disadvantage: the increase in the number of valves and the necessity
to shunt each valve to adjust the reverse voltage. The voltage doubling scheme - Advantages: the

secondary winding of the transformer can be calculated for a practically lower voltage.

Continuous

1 )
@Doide 1 @Doide 2] |
+ i Single phase Transformer 1 After filtering DC
S C=#00mF ‘T R=5000hm <]
N gHg | | =1
]

[ ; S
! Doide 4 ZS Dojde 5
=
50Hz AC Voltage .

Befor filtering DC

AC Voltage Source :
[

SCOPE

Figure 1. Simulation circuit of Single phase rectifier with filter element.

Disadvantages: somewhat more currents pass through the rectifier valves[2,3]. The level of
pulsation is higher than in the two half-cycle schemes. To improve the power factor of three-phase
rectifiers, a null valve scheme (similar to two half-cycle schemes) is employed. In a three-phase
scheme, the current flowing through the transformer windings has an alternating character and
possesses equal values in both positive and negative half-cycles. This situation prevents the
magnetization of the transformer cores and is considered one of the main characteristics of this
scheme [4-6].

This indicates that the average current is present in both the bridge scheme of Id and the
midpoint scheme. The highest limit of the same values is permissible, and the cooling conditions of
the thread are applicable. The same valves can be selected [7, 8-10]. Values of the Uk coefficient by
voltage demonstrate that at the same values of Oud in a bridged scheme, it is superior to that of the

midpoint, as the voltage to the valve is higher at the midpoint. In low voltage circuits, the midpoint is
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more advantageous, since the total voltage drop across the valves is half as much. Multiphase
correction circuits are supplied from a three-phase alternating current network and are primarily
utilised in medium and high-power devices. Multiphase schemes enable the resolution of the
following issues: - reduction of the correct voltage pulses; - improvement of the harmonic
composition of the current supplied from the mains; - decrease in the sample (calculated) power of
the transformer. In high-power rectifiers, a simple inductive filter is typically employed, as the
frequency of output voltage pulses is not excessively large. In inductances, the pulsation coefficient in

the load chain is also determined by coefficients [11].

It turns out that only a chain that is linear with a constant organizer of the current will be
suitable for carrying out a straightening process. In order for the corrector effect beyond it to be
sufficient, this invariant organizing current must be large. Such a property has a non-linear chain in
which an element with a Valve property in the composition of lamp and semiconductor circles such
as a gasotron, a tratron has this property. Therefore, straighteners are assembled from these elements.
Since the vibration (input voltage) acting on the chain in the rectifier has a sufficiently large
amplitude, the rectifier element graph consists of a straight line. The rectification scheme will have

two different single and two semi-periods.

The alternating current is fed through the transformer to the D diode. Since the diode is a one-
way conductor, the current from R is only uttered in the positive half-period. The current and output
voltage in the chain will be continuous. Such a current voltage is called a pulsating current or voltage.

A constant part of the corrected voltage. For a single semicircular rectifier
U, =0.45U, (1)
where U2 is the value of the AC voltage given to the diode; Uo is the rectified voltage.

The inverse voltage is in the negative half-VR to the diode lightning voltage. For a single

semicircular rectifier U, =3.14U, (2)

where Uy is the maximum value of the reverse voltage.

Experimental research

When analyzing multi-phase circuits, it is as if a single phase. As in the analysis of circuits, we
consider the valves and transformer ideal (without waste). The principle of Simulation circuit of
Single phase rectifier with filter element of the straightener is shown in Figure 1. Below are the basic

calculation ratios of a rectifier with a three-phase zero output wire quoted:



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

Table 1. Calculation ratios of a rectifier

Us=1.17 E; | Uaskmax=2.09U4

E,=0.855U4 | L=IsV/3

la=Is/3 L=Isv2/ (3Ky)

IamaX=Id PT:1.35Pd

The primary turbulences of the transformer are both "star" and "triangle" and can also be
connected in the form of. Secondary swells are only in the form of a "star". Jump to search. Jump to
navigation. Jump to the free ends of the secondary loop. The attached anodes or cathodes serve as the
other pole of the output voltage. Jump to navigation. The direction of the valve connection determines
the output voltage polarity. The pulsation coefficient of the voltage is q=2/(m?* - 1). In this case, the
three-phase when the rectifier has m=3, q = 0.25. In this case, the already existing boot chain. Even in

small inductances, the loading current is very well polished [12].

Six-phase correction of transformer circuit with midpoint output wire. Disambiguation pages
Each rod of a three-phase transformer. There is one primary and two secondary windings. It can be
connected in both a star configuration and a delta configuration. The plumes form a six-phase star.
The six-phase voltage formed by the secondary circuits of the transformer. The vector diagram of the
system is presented in Figure 2. Voltage ratio of each phase. Vector 60 from previous [13]. The electric
turned a corner. The zero point of the star forms a negative pole of the loading chain. Cathodes have
a common point. The positive potential is higher than that of others. Figure 2 shows the correction

scheme of a three-phase bridge. This scheme is also referred to as Larionov's scheme.

The primary and secondary circles of the transformer are triangular or asterisk shaped and can
also be connected in that form. In principle, the circuit should function even without a transformer.
It is possible. - Cathode group, in which cathodes (VD1, VD3, VD5) are combined; - anode group,
in which anodes (VD2, VD4, VD6) are combined. The common points of the valves are connected to
the supply source (with the secondary circuit of the transformer as shown in the diagram). At any
given moment, the anode potential of the valve conducting the current is at its maximum (in the
cathode group). Therefore, The instant voltage at the rectifier output depends on the voltage of the
phase line that's connected to the load through the open valves at that time. The aforementioned
indicators determine the use of the scheme in medium and high-power devices. Thus, The energy
efficiency goes up from a single-phase one-and-a-half-circuit to a three-phase rectifier circuit in a

similar way.[14].

Active capacity filter (R-C) and inductive capacity filter (L-C) small loading vines. That is, as
the loading current increases, the voltage pulsation increases. The advantage of the R-C filter is that

the voltage level does not increase in transient processes, nor does it decrease. The disadvantage of
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the filter is that it affects the straightener, which is why the introduction of security elements is
necessary. The inductive-capacitive (L-C) grinding filter is used in large loading currents. The
advantage is small dimensions, the grinding coefficient depends on the load current changes. Not
related. The disadvantage is that the voltage load during transient processes is large, and the time to

stagnate from the transient process is enormous.

Research results

Resonant grinding filters. The corrected voltage of the rectifiers is close to the first harmonic in
terms of the degree of the variable component used when it belongs. They are also sensitive to high
voltage harmonics and are used for non-disambiguation devices. The feeding voltage frequency is
significant. The use of such filters in the event of a large change in voltage frequency is impossible. A
change in the loading current causes a change in the circuit inductance, which will also lead to a
decrease in the grinding coefficient. To maintain the uniform continuity of inductance, a throttle or
areverse linking loop is introduced. This is due to the increase in the size of the filter, and useful work
leads to a decrease in the capacity of the work, which is why the loading current of such filters remains
constant. It is recommended only when it pertains to different harmonics of voltage from the first.
Additional reactive elements are used for removal. Compared to the grinding filters, these filters are
neither large nor coarse, nor do they have a large useful work capacity. A grinding active filter. Active

filters are common in small-power devices with a number of advantages [15,16].
These benefits include:

¢ High quality and energy indicators;

e Wide range of frequency;

e Simplicity of design;

¢ The dependence of the coefficient of grinding on the loading current is minimal.

e Magnetic fields are small due to a lack of inductance in the filter scheme;

e There is an absence of dangerous modes in the event of transient processes, i.e. boot, so that
when it is "turned off", the voltage load is not generated. Disadvantages include:

e The increase in loading current due to increased waste in the transistor will reduce the
efficiency of the device;

e There is a need to protect the transistor during transient processes.

The principle of operation of the active filter is based on the properties of the transistor to resist
different currents to alternating and alternating currents. There are two methods for creating filters.

The first method is that the transistor is connected according to the common collector scheme [17].

In the general collector scheme, when the value of the base current is constant, the collector

current's dependence on the voltage value of the collector-emitter pass is minimal, and this smoothing
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of pulsations in the wire is achieved by an RC filter on the base circuit. In the second method, the
transistor is connected according to a common base scheme (Figure 1). The operating mode of the
transistor is determined by the value Rb, while the smoothing effect of the circuit R1 and C1 is defined
by it. This circuit stabilises the emitter current if RIC1 is >> Tn (Tn- pulsation cycle). In this mode,
the transistor has a large differential and a small static resistor. The smoothing coefficient S is

calculated in the same manner as in the RC passive filter.

Ry PR

S=% pir ©
H-ﬂ+ L P

-C f (1)

Single phase - and three-phase rectifiers consume a non-sinusoidal current from the network.
The harmonic composition of the current depends on the parameters of the correction scheme and
the grinding filter. For example, the harmonic composition of the consumed current is one correction
scheme; if it is of different types - inductive or capacitive filters, it also differs. If the power of the
network generator is equal to the capacity of the fully loaded rectifier or more than that, then the
rectifier is not the same as the rectifier. The effect of non sinusoidally on the voltage of the feeder

network is practically unknown [18].

The higher the values of generator and rectifier capacities, the higher the current that causes a
breakdown (scaffolding) in the voltage of the supply network of harmonics intensifies. Voltage

Pattern Distortion is usually a voltage disorder. It is valued by the coefficient of harmonica.

\/Zfz 2U2nm

U U
1m

(2)

Where in Ulm is acceleration of the first harmonic voltage amplitude and Unm is the amplitude
of the high harmonic amplitude. The value of this k. coefficient is determined by the established

standards for network voltage and generally does not exceed 5%.
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Figure 2. Sinusoidal harmonic oscillation graph

Form distortion due to high harmonics in mains voltage increases scaffolding in reactors and
transformers, and cable combined in the field, which will lead to additional waste of electricity at the
generator and communication, automation, computing, etc., which differ in the operation of
electronic equipment. This leads to breakdowns. To address this, it is necessary to reduce the high
harmonics in the mains voltage, and special measures are required to reduce the value of the Uy

coefficient.

Conclusions

To determine the harmonic coefficient Ui by voltage Equivalent Replacement Scheme of the
Corrector and Feeding Network Form of mains voltage from the operation of straighteners The
occurrence of these devices is mainly caused by the internal network supplying these devices. Voltage

drops in the resistors (resistors of generators and transformers, and others).

In an electrical system, a straightener is usually used as a generator of current harmonics [19].
In this case, the rectifier is equivalent as a source of various harmonics of the current can be specified

in the scheme. Figure 2 shows the rectifier with the current source I,s replaced [20,21].

The time diagram in Figure 2 shows that the single-phase rectifier for the idealized scheme
(wL=co and the switching angle y=0) is 1 until us. From voltage, it lags behind a angles with a value
of 1. Device power coefficient x = v cos a. The angles ¢, and a of a three-phase bridge circuit rectifier
are both equal, and the power coefficient is determined as above. Coefficients of distortion for

straight-angle consumer current:

V= % - for single-phase bridge scheme.
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3 . o
v=_- for a three-phase bridge circuit.
With the increase in the control angle a, the rectifier's grid consumption power of the reagent
Q increases, and its coefficient of power decreases, i.e. it will get worse. This phenomenon is caused
by a controlled rectifier reducing the technical and economic characteristics. Therefore, in practice,

measures to increase the power coefficient of controlled straighteners will be observed.
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TELEKOMMUNIKATSIYA
TARMOQLARIGA
BO‘LADIGAN
KIBERHUJUMLARNI
ANIQLASH VA OLDINI
OLISH TIZIMLARINI
TADQIQ QILISH

3 nnotatsiya: Mazkur tadqiqot ishi telekommunikatsiya

tarmoqlarida yuzaga kelishi mumkin bollgan xavf-
xatarlar va zamonaviy kiber hujumlarga qarshi
kurashish tizimlari organilgan. Tadqiqotda xususan, Snort
va Suricata tarmoq hujumlarini aniqlash tizimlarining yuqori
tezlikdagi tarmoqlarda ishlash samaradorligi baholangan.
Ushbu tizimlar yuqori yuklamali sharoitlarda eksperimental
sinovdan o'tkazilib, ularning aniglik, tezlik va resurslardan
samarali foydalanish ko'rsatkichlari chuqur tahlil gilingan.
Olingan natijalar asosida zamonaviy kiber hujumlarga qarshi
samarali strategiyalar ishlab chiqish boyicha tavsiyalar
beriladi. Mazkur tadgiqot kiber xavfsizlik sohasidagi ilmiy
adabiyotga yangi bilim va tajribalar qo'shishi bilan birga
amaliyotda qolllash uchun foydali tavsiyalarni ham beradi.
Kalit so‘zlar: kiberhujum, axborot xavfsizligini,
telekommunikatsiya tarmoglari, DoS, DDoS, IDS, IPS, Snort,
Suricata.
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Kirish
Ushbu tadqiqot ishi telekommunikatsiya tarmogqlarida yuzaga kelishi mumkin bo‘lgan xavt-
xatarlar va kiber hujumlarni tahlil qilishga qaratilgan bo‘lib, kiber xavfsizlik sohasida dolzarb
muammolarni yoritadi. Bugungi kunda kiber hujumlar ko‘payib borayotganligi, yangi texnologiyalar
va internet xizmatlarining rivojlanishi bilan bog‘liq ravishda, davlat tashkilotlari uchun tahdidlar
yanada kuchaymoqda. Telekommunikatsiya tarmoqlari ham kiber hujumlarga nisbatan zaifligi bilan

ajralib turadi, bu esa ularning ishonchliligini va xavfsizligini ta’'minlash masalasini dolzarb gilmoqda.

Telekommunikatsiya tarmogqlariga bo‘ladigan hujumlarni aniqlash va oldini olish tizimlarini
tadqiq qilish mavzusi bo‘yicha qator normativ-huquqiy hujjatlar mavjud bo‘lib, ular ushbu
yo‘nalishda ilmiy va amaliy izlanishlar olib borish uchun muhim asos bo‘lib xizmat giladi. Jumladan,
O‘zbekiston Respublikasi Prezidentining 2021-yil 12-fevraldagi PQ-4996-son qarorida kiberxavfsizlik
sohasidagi davlat siyosatini takomillashtirish chora-tadbirlari belgilab berilgan. Mazkur hujjatda
kiberhujumlarni aniqlovchi va ularga javob beruvchi milliy tizimlarni yaratish, shuningdek, CERT
(Computer Emergency Response Team) faoliyatini rivojlantirish orqali telekommunikatsiya
tarmoglarida yuzaga keladigan xavflarni monitoring qilish va tezkor javob mexanizmlarini yo‘lga

qo‘yish vazifalari ilgari surilgan[1].

Shuningdek, Ofzbekiston Respublikasining Jinoyat kodeksi va Ma’muriy javobgarlik
to‘g'risidagi kodekslarida axborot tizimlariga noqonuniy kirish, ularni ishdan chiqarish yoki
ma’lumotlarni buzish holatlari uchun javobgarlik choralarini belgilovchi moddalar mavjud (JK 278-
1, 278-2). Ushbu normativlar kiberhujumlarni faqat aniqlash emas, balki ularning oldini olish,
huqugqiy chora ko‘rish va xavfsizlikni kuchaytirish uchun ham zaruriy asos bo‘lib xizmat giladi. Bu
holatda telekommunikatsiya tarmoqlarining daxlsizligi davlat tomonidan himoya gilinadigan muhim

infratuzilma sifatida e’tirof etiladi[2].

Bundan tashqari, davlat ragamli xavfsizlik siyosatida ham telekommunikatsiya tarmoglari,
mobil operatorlar, internet provayderlar va ma’lumotlar markazlari uchun xavfsizlik standartlari va
texnik reglamentlar ishlab chiqilgan. Ushbu strategik hujjatlar doirasida zaifliklarni aniqlash,
kiberhujumlarni monitoring qilish, kriptografik himoya vositalaridan foydalanish va axborot
xavfsizligi bo‘yicha texnik chora-tadbirlarni joriy etish zaruriyati ta’kidlangan. Bu esa
telekommunikatsiya tarmoglarini himoya qilish sohasida innovatsion va tizimli yondashuvlarni

tatbiq etish orqali kiberxavflarning oldini olish imkonini beradi[3].

Tadqiqot Snort va Suricata kabi tarmoq hujumlarini aniglash tizimlarining yuqori tezlikdagi
tarmoglarda samaradorligini baholash orgqali, kiber hujumlarga qarshi kurashda samarali yechimlarni
topish magsad qilingan. Ikkala tizimning eksperimental sinovlari va ularning samaradorligini tahlil

qilish, zamonaviy kiber tahdidlarga javob berish imkoniyatlarini ko‘rsatadi. Ushbu tadqiqot natijalari
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nafaqat ilmiy adabiyotga, balki amaliyotga ham katta hissa qo‘shadi, chunki u tashkilotlar va

tashkilotlar uchun samarali xavfsizlik strategiyalarini ishlab chiqishga yordam beradi.

Bundan tashqari, kiber xavfsizlikni ta’minlash sohasidagi ozgaruvchan mubhit, yangi usullar va
texnologiyalarning paydo bo‘lishi, tadqiqotning dolzarbligini oshiradi. Shu nuqtai nazardan, ushbu
dissertatsiya zamonaviy kiber tahdidlarni bartaraf etish va tarmoq xavfsizligini oshirish bo‘yicha

muhim tadgiqot hisoblanadi.

Telekommunikatsiya tarmoglariga bo‘ladigan kiber hujumlarning turlari ularning xususyatlari

Telekommunikatsiya tarmogqlariga bo‘ladigan kiber hujumlar zamonaviy axborot-
kommunikatsiya texnologiyalari rivojlangan bir paytda tobora ko‘payib bormoqda. Bu hujumlar turli
shakllarda namoyon bolib, tarmoq xavfsizligiga jiddiy tahdid soladi. Ishda eng keng tarqalgan tarmoq
hujumlariga, aynigsa, ushbu hujumlar asosida olib borilgan tajribalar davomida uchraydigan
topologiyalarga alohida e’tibor qaratadi. Shuningdek, bunday hujumlarni amalga oshirish uchun

ishlatiladigan asosiy vositalar hagida ma’lumot beradi.

Kiberhujum - kibermakonda apparat, apparat-dasturiy va dasturiy vositalardan foydalangan

holda qasddan amalga oshiriladigan, kiberxavfsizlikka tahdid soladigan harakat.
Kibermakon - axborot texnologiyalari yordamida yaratilgan virtual mubhit.

Kiberhujumlar telekommunikatsiya tarmoglariga turli xil usullar bilan amalga oshiriladi.

Quyida ularning asosiy turlari, xususiyatlari va qo‘llanish maqsadlari keltirilgan:

DDoS hujumlar - bu kompyuter tizimlariga (tarmoq resurslari yoki aloga kanallari) ularni
qonuniy foydalanuvchilar uchun imkonsiz qilishga qaratilgan hujumlar. DDoS hujumlari bir
vaqtning ozida ma’lum bir manbaga Internetda joylashgan bir yoki bir nechta kompyuterlardan ko‘p
sonli so‘rovlarni yuborishni oz ichiga oladi. Agar minglab, o‘n minglab millionlab kompyuterlar bir
vaqtning o‘zida ma’lum bir serverga (yoki tarmoq xizmatiga) so‘rov yuborishni boshlasa, u holda
server uni boshqara olmaydi yoki ushbu serverga aloqa kanali uchun tarmoqli kengligi etarli
bo‘lmaydi. Ikkala holatda ham Internet foydalanuvchilari hujum qilingan serverga, hatto bloklangan

aloqa kanali orqali ulangan barcha serverlar va boshqa resurslarga kira olmaydi[4].

An’anaviy DoS hujumi birinchi marta 1996-yilda, Panix internet xizmat provayderiga gilingan
hujum bilan tarixda qayd etilgan. Hujum natijasida Panixning internet xizmatlari ko‘p
foydalanuvchilar uchun vaqtinchalik to‘xtab qoldi. SYN flooding hujumi serverga soxta ulanish
so‘rovlari yuborish orqali amalga oshirildi. Ushbu so‘rovlar serverning barcha mavjud ulanish

resurslarini to‘ldirdi, natijada haqiqiy foydalanuvchilar ulana olmadilar.
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1-rasm. DDos hujumi amalga oshirish sxemasi

Dunyo miqyosida har kuni ikki mingga yaqin DDoS hujumlari qayd etiladi. O‘rtacha DDoS

hujumi yirik kompaniyaga soatiga 250 dollar zarar yetkazadi.

Botnet - bu zararli dasturlar bilan infeksiya qilingan va hujumchilar tomonidan boshqariladigan
ko‘p sonli kompyuterlar tarmog‘idir. Botnetlar bir vaqtning ozida ko‘p sonli hujumlarni amalga

oshirish imkonini beradi.

DDoS hujumlari odatda ko‘plab turli manbalardan keladi, bu esa hujumni aniqlash va to‘sishni
giyinlashtiradi. Bir necha ming yoki millionlab infeksiya gilingan qurilmalar bir vaqtda bir maqsadga

trafik yuborishi mumkin(5].

Hujum turli protokollarda bo‘lishi mumkin: DDoS hujumlari TCP, UDP, HTTP va boshqa

tarmoq protokollarida amalga oshirilishi mumkin.

DDoS hujumining asosiy maqgsadi maqsadli xizmatlarni to‘xtatish yoki sekinlashtirish. Bu,
masalan, veb-saytlar, onlayn xizmatlar, moliyaviy operatsiyalar yoki boshqa muhim tarmoq

resurslariga taallugli bo‘ladi.

Bundan tashqari, o‘rta DDoS hujumi davomiyligi odatda 6 dan 24 soatgacha davom etadi, bu
da demak, har bir soat uchun $40,000 dan $100,000 gacha zarar keltirib chiqarishi mumkin.

DDoS hujumlariga qarshi samarali himoya qilish uchun tarmoq infratuzilmasini monitoring
qilish, trafigi filtratsiyasi va yuklanishni balanslash texnologiyalaridan foydalanish muhimdir. Shu
bilan birga, tarmoqni tezda qayta tiklash va hujumlarni minimallashtirish uchun tayyorlanish ham

zarur.
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yondashuvlari

[ DDoS hujumini aniglash J

Tarmoq trafigini Mashina o'rganishdan
monitoring qilish foydalanish

Anomaliyalar
ni aniglash

Foydalanuvchi xatti- Signatura va hujum
harakatlarini tahlil gilish shakllaridan foydalanish

2-rasm. DDoS hujumlarini aniglashning asosiy yondashuvlari

DDoS hujumlaridan himoyalanishning an’anaviy usullari har doim ham samarali
bo‘lavermaydi, chunki tajovuzkorlar doimiy ravishda moslashib, yangi usullardan foydalanishadi.
Shu nuqtai nazardan, mashinali o‘gitishdan foydalanish DDoS hujumlariga qarshi kurashish uchun

kuchli vositadir.

Malware (Zararli dasturlar) hujumlari - kompyuter tizimlariga zarar yetkazish, ma’lumotlarni
o‘g‘irlash yoki ularni buzish uchun maxsus yaratilgan dasturlarni oz ichiga oladi. Viruslar, zararli
dasturlar (malware) turi bo‘lib, kompyuter tizimlariga zarar yetkazish, ma’lumotlarni o‘g‘irlash,
buzish yoki o‘zgartirish maqsadida yaratilgan dasturlardir. O‘zini boshqa dasturlarga yoki fayllarga
biriktiradi va ko‘payadi. Fayllarni, dasturlarni yoki tizimlarni buzishi yoki zararli kodlarni ishlatishi

mumkKin.

Troyanlar (Trojans) -Troyanlar zararli dasturlar (malware) turlaridan biridir va o‘zining
maxsus xususiyatlari bilan ajratiladi. Odatda, troyanlar qo‘llanuvchi uchun foydali dastur yoki fayl
ko‘rinishida ko‘rinadi, ammo foydalanuvchining ma’lumotlarini yoki tizimiga zarar yetkazadigan
dasturdir[6].

2023-yilda troyanlar orqali amalga oshirilgan hujumlar miqdori sezilarli darajada o‘sdi.

Malware hujumlarining katta qismi troyanlar orqali amalga oshiriladi.

Troyanlar ko‘pincha qonuniy dastur yoki fayl sifatida ko‘rinadi. Foydalanuvchi uni yuklab
olgach, zararli faoliyatni boshlaydi. Misol uchun, foydalanuvchi o‘yin yoki antivirus deb o‘ylagan

dastur aslida troyan bo‘lishi mumkin.

Troyanlar foydalanuvchining shaxsiy ma’lumotlariga kirish imkoniyatini beradi, bu esa

parollar, moliyaviy ma’lumotlar va boshqa maxfiy ma’lumotlarni o‘g‘irlashga olib keladi.

Ko‘pgina troyanlar foydalanuvchining harakatlarini kuzatadi, jumladan, klaviatura bosishlarini

(keylogging) yozib boradi, bu esa kiberjinoyatchilarga maxfiy ma’lumotlarni olish imkonini beradi.
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Troyanlar kompyuter yoki qurilmani botnet deb ataladigan zararli tarmoqgning bir qismiga
aylantirishi mumkin. Botnetlar ko‘pincha DDoS (Distributed Denial of Service) hujumlarini amalga
oshirish uchun ishlatiladi[15].

Spyware: Kompyuter tizimlariga o‘rnatilgan zararli dasturlar turiga kiradi va
foydalanuvchining faoliyatlarini kuzatish uchun vyaratiladi. Ular foydalanuvchining internet
sur’atlari, xabarlari, fayllari, shuningdek, klaviatura yozuvi kabi ma’lumotlarni to‘plash va yuborish

uchun ishlatiladi.

Worms (Qurtlar): zararli dasturlar (malware) turiga kiradi va o‘zlarini o‘z-ozlariga tarqaladi,
tarmogqlar orqali ko‘payadi va kompyuter tizimlariga zarar yetkazadi. Ular kompyuter tizimlariga
zarar yetkazish uchun kutilmagan narsalar yuklay oladi, masalan, ma’lumotlarni buzish, kompyuter

tizimlarini qo‘shib, shuningdek, ularni o‘chirish uchun xavfsizlik ogohlantirishlari o‘chirish.

Telekommunikatsya tarmogqlariga tarixda bo‘lib o‘tgan eng katta kiber hujumlar tahlili

Telekommunikatsiya tarmoqlariga buladigan hujumlar tarixi odatda uzun va o‘zgaruvchan
bo’lib, tarmoqning o‘sish va rivojlanish jarayonlariga bog‘liq ravishda o‘zgarib kelgan. Quyidagi,
boshqa bilimdonlik yo‘nalishi yoki tuzilmaviy va siyosiy o‘zgarishlar bilan birgalikda, ba’zi eng katta

hujumlar va ularning o‘tkazilishi bilan bog‘liq bazi muhim voqealar keltirilgan:

1988-yil Morris Worm - Robert Tappan Morris tomonidan yaratilgan bu dastur, birinchi
dunyodagi katta internet hujumi hisoblanadi. Bu ularning birinchi o‘rniga Internetdagi barcha 1.8
million kompyuterlarga yuborilgan kompyuter dasturi bo‘lib, tarmoqni yoritishga olib kelgan va
tarmoqga kirishni giyinlashtirgan(7].

2000-yil DDoS Hujumlari: 2000-yillarda, DDoS hujumlari kuchayib bordi. Bu hujumlar
tarmoqqa yuqori miqdorda faolsiz so‘rovlar yuborilishi bilan bog‘liq edi va katta internet xizmat
ko‘rsatuvchilarini, masalan, Yahoo, eBay va Amazonni tashkil etgan tarmoglarga ham ta’sir etamay

golmadi.

2007-yil Estonia hujumi - 2007 yilinda, Estonyada mavjud telekommunikatsiya tarmog‘ilari
qattiq hujumlarga uchradi, bu hujum davlat organlarining tarmog‘lari, saytlar va banklariga ta’sir
qilmay qolmadi. Hujumlar qo‘shimcha tarmoqlar, botnetlar va DDoS hujumlari orqali amalga
oshirildi.

2010-yil Stuxnet Virus: Stuxnet virus kompyuter dasturiy ta’minotida o‘zgarishlar kiritish
uchun ishlab chiqarilgan, dunyoda eng kuchli viruslar orasida hisoblanadi. Bu virus 2010 yilinda
paydo bo‘lgan va ayrim xalqaro ommaviy tarmoqlarda katta zararni olib borib, xususan, Eronning
nukleer tizimlariga zarar kiritganligi yoki qarshi yaratilganligi bilan tanilgan. Stuxnetning ozi qiziq
dasturiy vosita: bu birinchi bolib kompyuter tizimlarining birlamchi burchaklariga hujjatlarni

jo‘natish uchun ishlab chiqilgan va Microsoft Windows OS yuklamalari uchun mo‘jallangan. Bu
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virus mayda xavfsizlik nazoratini buzish, avtomatlashtirish, nazorat tizimi o‘chirish va ba’zi
to‘plamalar yoki sensorga zarar berish uchun mo‘ljallangan. Bu sababli, u ozini nukleer tizimlar, gaz,
neft yoki suv ishlab chiqarish stantsiyalari, kommunikatsiya tarmoqlari va boshqa kritik infrastruktur

tizimlariga ta’sir qilish uchun ideal vosita hisoblanadi.

2013-2014 -yil Yahoo kompaniyasi o‘zining foydalanuvchilar bazasining katta qismini ta’sir
etgan bir nechta kiberhujumlarga duch keldi. 2013 va 2014 yillarda 3 milliard foydalanuvchining
shaxsiy ma’lumotlari o‘g‘irlandi. Bu hujumdan so‘ng Yahoo kompaniyasining qiymati pasaydi va 4.8

milliard dollarga sotilgan.

2016-yil Mirai Botnet hujumi - Mirai botnet, bir necha milliy internet qurilmalari bo‘yicha
o‘rnatilgan standart qurilmalarni nishonladi va ulardagi xavfsizlik farq qilgan tarmogqlarga taqiladi.
Bu hujumlar, boshqa qurilmalarni qo‘llab-quvvatlash uchun foydalanilishi mumkin bo‘lgan ba’zi

standart protokollarni ishlatgan edi.

Ushbu kiberhujum tasirida 2016-yil 21-oktabrda DNS provayderiga qarshi amalga oshirilgan
hujum natijasida Twitter, Netflix, Reddit, GitHub va boshqalar kabi yirik platformalar xizmat
ko‘rsatishda uzilishlarga duch keldi. Bu hujum oqibatida internetning katta qismi ish faoliyatini
to‘xtatdi[8].

2017-yil WannaCry, ransomware turidagi zararli dastur bo‘lib, Windows operatsion tizimlariga
hujum qilgan. U dastlabki tarqalishi va tezda global miqyosda tarqalishi bilan mashhur bo‘lgan.
Hujum 150 dan ortiq mamlakatlarda tarqalgani uchun ko‘plab tashkilotlar, jumladan Britaniya milliy

sog‘ligni saglash xizmatlari, faoliyatlarini to’xtatishga majbur bo‘lishdi. Umumiy zararlar taxminan 4
milliard dollarni tashkil etdi.

2017-yil Equifax, moliyaviy ma’lumotlarni boshqaruvchi kompaniya, kiberhujumga duch keldi,
natijada 147 million foydalanuvchining shaxsiy ma’lumotlari o‘g'irlandi. Bu hujum natijasida
kompaniya 4 milyard dollarlik zararga uchradi va katta miqdordagi shaxsiy ma’lumotlar internetga

tarqatildi. Shuningdek, kompaniya uchun reputatsiya yo‘qotishiga olib keldi.

2020-yil SolarWinds hujumi - SolarWinds tarmoqlariga kirish, kiber hujumchilar va
kiberjarayonchilar tomonidan amalga oshirilgan katta hujumlar ketma-ket edi. Bu hujum, oz ichiga
17,000 dan ortiq tarmoq saytini ta’siriga olib kelgan va boshqa hujumlar uchun “orqaga qarshi

hujum”ni amalga oshirishda qo‘llanilgan.

Telekommunikatsiya tizimlariga amalga oshirilayotgan kiber hujumlarni aniqlash usulari

Hujumlarni aniqlash va oldini olish tizimlarining rivojlanishi kiberxavfsizlik sohasida muhim
o‘rin tutadi, chunki kiberhujumlar ko‘paygani sayin, ularni aniqlash va ularga qarshi kurashish uchun

samarali tizimlar va texnologiyalar doimiy ravishda takomillashtirilmoqda.
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Telekommunikatsiya tizimlariga amalga oshirilayotgan kiber hujumlarni aniglash uchun bir
nechta usullar va algoritmlar qollaniladi. Bu usullar odatda kiberxavfsizlik texnologiyalariga
asoslangan bo‘lib, har xil kiberhujumlarni oldindan bilish, kuzatish va oldini olish imkonini beradi.

Ushbu magistirlik ishida quyida kiberhujumlarni aniqlash usullarini ko‘rib chigamiz:

- imzo asosida aniqlash (Signature-Based Detection);

- anomaliya asosida aniqlash (Anomaly-Based Detection);

- xatti-harakatlar tahlili (Behavioral Analysis);

- o‘rganishga asoslangan aniqlash (Machine Learning-Based Detection);

- xavfsizlik devorlari va IDS/IPS tizimlari;

- Deep Packet Inspection (DPI);

- yolg‘on pozitivlarni kamaytirish (False Positive Reduction);

- hujumlarni bashorat qilish tizimlari (Predictive Analytics).

Imzo bo‘yicha aniqlash - kiberxavfsizlikda keng tarqalgan yondashuv bo‘lib, u hujumlarni
aniglash va ularga qarshi kurashda asosiy rol o‘ynaydi. Ushbu usul avvaldan ma’lum bo‘lgan

kiberhujumlarni aniqlash uchun imzolarni ishlatadi.

Imzo asosida aniqlash tizimlari 1990-yillarda keng tarqaldi. Tizimlar tarmoq trafigini oldindan

belgilangan hujum imzolari bilan taqqoslab, kiberhujumlarni aniqlay boshladi.

Imzo - bu zararli dastur, xakerlik usuli yoki kiberhujumlarning o‘ziga xos xususiyatlari,

masalan, kod uziga xos belgilari yoki harakatlar[9].

Dastlab zararli dasturlar hamda kiberhujumlar to‘planiladi va tahlil gilinadi, tahlil jarayonida

ularning kodlari, xatti-harakatlari va kirish xarakatlari o‘rganiladi.

Tahlil natijasida olingan ma’lumotlar asosida imzo yaratiladi. Bu imzo, masalan, kodning bir

qismi yoki dasturga xos bo‘lgan muayyan xatti-harakatlar bo‘lishi mumkin.
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Imzo bo‘yicha aniglash jarayoni bir necha bosqichni 0z ichiga oladi:

- Tarmogq yoki tizimdan tarmoq trafigi, fayllar va foydalanuvchi xatti-harakatlari haqida

ma’lumotlar yig‘iladi.

- Yigilgan ma’lumotlar oldindan saglangan imzolar bilan solishtiriladi. Agar biror

ma’lumot imzo bilan mos kelsa, tizim bu harakatlarni hujum yoki tahdid sifatida baholaydi.

- Agar moslik aniglansa, tizim administratorlariga ogohlantirish yuboriladi va tegishli

choralar ko'rish tavsiya etiladi.

- Yaratilgan imzolar xavfsizlik tizimlarining (masalan, antivirus dasturlarida) ma’lumotlar

bazasida saglanadi. Ushbu ma’lumotlar bazasi doimiy ravishda yangilanadi[16].

Zero-day hujumlar - bu yangi kiberxavf yoki tizimdagi xavfsizlik zaifligini ekspluatatsiya qilish
uchun amalga oshirilgan hujumlar bo‘lib, ularga qarshi hech qanday patch (yamoq) yoki himoya
choralari hali ishlab chiqilmagan. “Zero-day” degan atama, tizim egalarida yoki ishlab
chiquvchilarida ushbu zaiflikdan himoyalanish uchun hech qanday vaqt (nol kun) bo‘lmaganligini

anglatadi.

Ba’zi hollarda normal faoliyatlar kiberhujum sifatida noto‘g’ri aniqlanishi mumkin, bu esa

tizimdan ortiqcha ogohlantirishlar kelishiga sabab bo‘ladi.

Imzo bo‘yicha aniglash tizimlari muntazam ravishda yangilanishlarni talab qiladi, chunki

kiberhujumlar va zararli dasturlar doimiy ravishda o‘zgarib bormoqda.

Anomaliya asosida aniqlash (Anomaly-Based Detection) - bu kiberxavfsizlikda ishlatiladigan
hujumni aniqlash usuli bo‘lib, tizim yoki tarmoqdagi normal xatti-harakatlardan chetga chiqishni
kuzatib, hujumlarni yoki zararli faoliyatlarni aniqlaydi. Bu usul imzo asosidagi aniqlashdan farqli
ravishda, avvaldan ma’lum bo‘lmagan hujumlarni ham aniqlash qobiliyatiga ega, chunki u tizimning

odatiy xatti-harakatlarini kuzatadi va ularni aniq model bilan solishtiradi.

Anomaliya asosida aniqlashning ishlash prinsipiga ko‘ra dastlab, tizim yoki tarmogning normal
holati va foydalanuvchi xatti-harakatlari haqida ma’lumot to‘planadi. Bu jarayonda quydagilar tahlil
qilinadi.

- Tarmoqdagi normal trafik hajmi va tuzilmasi;

- Foydalanuvchilarning kirish harakatlari;

- Xizmatlar va dasturiy ta’minotning odatiy ishlash usullari tahlil gilinadi.

Odatdagi xatti-harakatlar asosida statistik yoki o‘rganish modeliga asoslangan model yaratiladi.

Bu model normal holatni tavsiflaydi va undan chetga chigqan har qanday harakat potentsial xavfli
deb baholanadi.
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Tizim yoki tarmoqdagi yangi ma’lumotlar yig‘ilganda, ular yaratilgan model bilan solishtiriladi.
Agar ma’lumotlar normal holatdan sezilarli darajada farq qilsa (anomaliya kuzatilsa), u holda bu

kiberhujum yoki zararli faoliyat belgisi sifatida qayd etiladi.

Tizim administratorlari anomaliyalar hagida ogohlantiriladi va ular bu harakatlarni tekshirishi
yoki avtomatik javob beruvchi tizimlar sozlangan bo‘lsa ularga qarshi choralar ko‘rish imkoyati
mavjud bo‘ladi[17].

Xatti-harakatlarni tahlil qilib aniqlash (Behavioral Analysis) - bu kiberxavfsizlikda
ishlatiladigan texnologiya bo‘lib, foydalanuvchilar yoki tizimning odatiy faoliyatini tahlil qilish orqali
nomagqbul yoki zararli xatti-harakatlarni aniqlashni magsad qiladi. Bu yondashuv odatda hujumlarni
anomaliya asosida aniqlash tizimlariga yaqin va u foydalanuvchilarning yoki dasturlar, tarmoq va

qurilmalarning odatdagi faoliyatini kuzatadi.

Avval tizimning yoki foydalanuvchilarning odatiy xatti-harakatlari kuzatiladi. Bu jarayonda

quyidagilar tahlil gilinadi:
- Foydalanuvchining tizimga kirish va chigish vaqtlari;
- Tarmoq trafigi va foydalanuvchi tomonidan foydalaniladigan tarmoq resurslari;
- Foydalanuvchi tomonidan ishlatiladigan dasturlar va ular bilan bog'liq faoliyatlar.

Normal faoliyat asosida foydalanuvchi yoki tizim uchun xulqiy harakatlar yaratib boriladi.
Ushbu harakatlar asosida tahlil tizimi foydalanuvchining odatiy harakatlarini o‘rganadi va har qanday

chetga chiqishni qayd qiladi.

Agar foydalanuvchining xatti-harakatlari odatdagidan sezilarli darajada farglasa, tizim bu
harakatni potentsial tahdid sifatida ko‘radi. Misol uchun, foydalanuvchi odatda bir marta tizimga
kirsa, ammo bir kun ichida kutilmaganda bir necha marta tizimga kirsangiz yoki ko‘p sonli tarmogqlar

orasida ma’lumot uzatishga harakat qilsa, tizim bu faoliyatni g‘ayrioddiy deb baholaydi.

Tizim administratorlarini ogohlantirish yoki avtomatik ravishda harakat qilish mumkin.

Masalan, foydalanuvchining faoliyati bloklanishi yoki tekshiruvlar boshlanishi mumbkin.

O‘rganishga asoslangan aniqlash (Machine Learning-Based Detection) - kiberxavfsizlikda
hujumlarni yoki nomagbul faoliyatni aniglash uchun sun’iy intellekt va mashina o‘rganish (ML)
texnologiyalaridan foydalanadigan usuldir. Ushbu yondashuv odatdagi xatti-harakatlarni avtomatik
ravishda o‘rganib, yangi tahdidlarni aniqlashda an’anaviy usullardan ancha samarali bo‘liadi.
Mashina o‘rganishning asosiy maqgsadi tizim yoki tarmoqdagi hujumlarni 0z vaqtida aniqlash uchun

avtomatik ravishda yangi hujumlarni va o“zgarishlarni tushunishidir[10].

Mashina o‘rganish modeli uchun zarur bo‘lgan ma’lumotlarni yig‘ish jarayoni boshlanadi. Bu
ma’lumotlar tarmoq trafigi, foydalanuvchi xatti-harakatlari, tizim loglari yoki oldingi hujumlar

haqidagi ma’lumotlardan iborat bo‘ladi.
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Yig‘ilgan ma’lumotlar avval tozalanadi, filtrlanadi va mashina o‘rganish modeli uchun

tayyorlanadi. Bu jarayonda zararli faoliyat va normal faoliyat belgilari o‘rganiladi.

Ma’lumotlar to‘plami asosida mashina o‘rganish modeli o‘qitiladi. Model o‘qitish uchun
etiketlangan (belgilangan) ma’lumotlar talab qilinadi, ya'ni modelga oldindan zararli faoliyat va
normal faoliyat namunalarini ko‘rsatish kerak. Bu o‘rganish jarayonida model ma’lumotlar ichida

harakatlarni va farqlarni aniqlashni o‘rganadi.

Ofqitilgan model yangi kiruvchi ma’lumotlarni tahlil qiladi. Agar model zararli xatti-harakatni
aniqlasa, u tizim administratorlariga ogohlantirish beradi yoki avtomatik ravishda himoya choralarini

ishga tushiradi.

Tarmogqlararo ekran (Firewalls) va IDS/IPS tizimlari - kiberxavfsizlik infratuzilmasida muhim
rol o‘ynaydigan vositalar bo‘lib, ular tarmoqni himoya qilish, hujumlarni aniqlash va ularga qarshi
chora ko‘rish uchun ishlatiladi. Ularning vazifalari bir-biriga o‘xshash bo‘lsa-da, ishlash prinsiplari va

funktsional farqlari mavjud.

Tarmoglararo ekran - himoyalash vositasi bolib, ishonchli tarmoq va ishonchsiz tarmoq
orasida ma’lumotlarga kirishni boshqarishda qo‘llaniladi. Tarmoqlararo ekran ko‘p komponentli
bo’lib, u internetdan tashkilotning axborot zahiralarini himoyalash strategiyasi sanaladi. Ya’ni
tashkilot tarmog'i va internet orasida qo‘riglash vazifasini bajaradi. Tarmogqlararo ekranning asosiy

funksiyasi ma’lumotlarga egalik qilishni markazlashtirilgan boshqaruvini ta’minlashdan iborat.

IDS (Intrusion Detection Systems) va IPS (Intrusion Prevention Systems) tarmoqda yoki tizimda

nomagbul va zararli faoliyatni aniqlash va bartaraf etishga mo‘ljallangan tizimlardir.

IDS ruxsatsiz kirishni aniqlash tizimi yordamida tizim yoki tarmoq xavfsizlik siyosatini buzib
kirishga harakat qilingan usul yoki vositalar aniqlanadi. Ruxsatsiz kirishlarni aniqlash tizimlari
deyarli chorak asrlik tarixga ega. Ruxsatsiz kirishlarni aniqlash tizimlarining ilk modellari va
prototiplari kompyuter tizimlarining audit ma’lumotlarini tahlillashdan foydalangan. Bu tizim ikkita
asosiy sinfga ajratiladi. Tarmoqqa ruxsatsiz kirishni aniqlash tizimi (Network Intrusion Detection
System) va kompyuterga ruxsatsiz kirishni aniqlash tizimiga (Host Intrusion Detection System)
bo‘linadi.

IDS tizimlari arxitekturasi tarkibiga quyidagilar kiradi:

- himoyalangan tizimlar xavfsizligi bilan bog‘liq holatlarni yig‘ib tahlillovchi sensor qism
tizimi;
- sensorlar ma’lumotlariga ko‘ra shubhali harakatlar va hujumlarni aniqlashga

mo‘ljallangan tahlillovchi gism tizimi;

- tahlil natijalari va dastlabki holatlar haqidagi ma’lumotlarni yig‘ishni ta’'minlaydigan

omborxona.
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Tarmoqqa ruxsatsiz kirishni aniglash tizimi (NIDS) ishlash tamoyili quyidagicha:
- tarmoqqa kirish huquqiga ega bo‘lgan trafiklarni tekshiradi;
- zararli va ruxsatga ega bo‘lmagan paketlarga cheklov qo‘yadi.

Tarmogqga asoslangan IDS (Network-Based IDS): Bu tizim tarmoqdagi trafikni kuzatib, zararli
paketlar yoki kiruvchi trafikni aniqlaydi. Tarmoqda kirayotgan va chiqayotgan barcha trafikni tahlil
qiladi.

Xostga asoslangan IDS (Host-Based IDS) Xost tizimlarining faoliyatini kuzatadi. Har bir xostda

joylashgan dasturlar, fayllar, va foydalanuvchi faoliyatlarini monitoring qiladi va ularning odatdagi

faoliyatidan farqli hatti-harakatlarni qayd etadi.

1980-yillar Ilk IDS tizimlari fagat oddiy hujum belgilariga asoslangan edi. Bu tizimlar log

fayllarini va trafigini qo‘lda tahlil qilish orqali hujumlarni aniqlashga asoslangan.

Intrusion Detection System (IDS) Intrusion Prevention System (IPS)
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IPS kompyuter tizimlari yoki tarmoglarida yuz berayotgan hodisalarni kuzatish va kompyuter
xavfsizligi siyosati yoki standart xavfsizlik qoidalarini buzishga olib keladigan holatlarning tahlili
bilan birgalikda aniqlangan holatlarni to‘xtatishga, hujumlarga qarshi javob qaytarish qobiliyatli
harakatlar yig‘indisidir. IPS texnologiyasi IDS texnologiyasini mustaqil ravishda nafagat xavfni
aniqlabgina qolmay, balki uni muvaffagiyatli bloklashi bilan to‘ldiradi. Ushbu taxminiy IPS
funktsiyasi IDS ga qaraganda ancha kengroq:

- IPS hujumni bloklaydi (xavfsizlik siyosatini buzadigan, resurslarga, hostlarga, dasturlarga
kirishni taqiqlovchi foydalanuvchi sessiyasining to‘xtatadi);
- IPS himoyalangan muhitni o‘zgartiradi (hujumlarni oldini olish uchun tarmoq

qurilmalarini qayta tuzadi);
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- IPS hujum tarkibini o‘zgartiradi (masalan, virusi bilan yuborilgan faylni xatdan olib
tashlaydi va uni allagachon tozalagan yoki proksi-server sifatida yuboradi, kiruvchi so‘rovlarni tahlil

qiladi va paketli sarlavhalarda ma’lumotni tashlab ketadi).

Biroq, bu tizimlar aniq afzalliklaridan tashqari, ularning kamchiliklariga ham ega. Masalan, IPS
har doim axborot xavfsizligi intsidentini aniq belgilab bera olmaydi, yoki xatti-harakatlarning
odatdagi xatti-harakatlarini noto‘g‘ri qabul qiladi yoki foydalanuvchini hodisa sifatida qabul giladi.
Birinchi variantda yolg‘on salbiy hodisa haqida gapirish odatiy holdir, ikkinchi variantda esa noto‘g'ri
ijobiy hodisalar aytiladi. Shuni esda tutish kerakki, ularning paydo bo‘lishini to‘liq bartaraf etishning
iloji yo‘q, shuning uchun tashkilot har-bir holda ikki guruhning qaysi xavfini kamaytirish yoki qabul

qilish kerakligini mustaqil ravishda hal gilishi mumkin.

Tarmogqga asoslangan IPS (Network-Based IPS) Tarmoqdagi barcha trafikni kuzatib boradi va

zararli trafikni bloklash uchun qoidalar asosida ishlaydi. Bu tizim tarmoq chegarasida himoya qiladi.

Xostga asoslangan IPS (Host-Based IPS): Xostning ichki faoliyatini nazorat giladi va zararli
faoliyat topilganda, ushbu tizimdagi jarayonni yoki dasturiy ta’minotni bloklaydi.

Hujumlarni bashorat qilish tizimlari (Predictive Analytics) - bu xavfsizlik ma’lumotlarini
oldindan tahlil qilish orqali kelajakdagi kiberxavf yoki hujumlarni prognoz qilish va oldini olishga
qaratilgan usullardir. Predictive analytics texnologiyasi kiberxavfsizlikda hujumlar sodir bo‘lishidan

oldin potentsial tahdidlarni aniglash va hujumlarni bartaraf etishga imkon beradi.

Bu yondashuv tarixiy ma’lumotlar, xatti-harakatlar alohida hujum belgilari va statistik
modellarga asoslanadi, shuningdek, mashinani o‘rganish va sun’iy intellekt kabi ilg'or
texnologiyalarni qo‘llaydi. Hujumlarni bashorat qilish orqali tashkilotlar xavfsizlik choralari va

mudofaa mexanizmlarini avvaldan kuchaytiradi.

Tarmoq hujumlarini aniqlash va himoyalashda hozirda keng qo‘llanilayotgan vositalar

Snort - bu ochiq manba asosida yaratilgan Intrusion Detection System (IDS) va Intrusion
Prevention System (IPS) bo‘lib, tarmoqda kiberhujumlarni aniglash va oldini olish uchun ishlatiladi.
Snort tarmoq trafikini real vaqtda monitoring qilish, tahdidlarni aniqlash va ogohlantirishlar
yuborish imkonini beradi. Martin Roesch tomonidan 1998-yilda ishlab chigilgan va hozirgi kunda
Cisco Systems tomonidan qo‘llab-quvvatlanadi. Snort tarmoq trafikini real vaqtda kuzatadi.
Anomaliyalar va imzo asosida tahdidlarni aniglaydi. Foydalanuvchilar oz ehtiyojlariga mos ravishda
qoidalarni yaratishi va yangilashi imkonyati. Kiber tahdid aniqlanganda tizim administratorlariga

ogohlantirish yuboradi.

Snort dastlab 2003 yilda IDS funksiyalari bilan chiqgarilgan va hozirda eng ommabop IDS/IPS
tizimlaridan biri hisoblanadi. Snort millionlab foydalanuvchilar tomonidan qo‘llanilib, keng ko‘lamli

xavfsizlik tahlillari va himoya choralarini ta’minlaydi. Hujumlar va xavfsizlik hodisalari haqgidagi
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malumotlar qaytdlarni amalga oshiradi.

Snort IPS/IDS
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Internal

Network

5-rasm. Snortni real tarmoqda qo‘llanilish sxemasi
Snortning asosiy funksiyalari sifatida quyidagilarni ko‘rsatish mumkin:

Trafikni kuzatish va tahlil gilish: Snort tarmoq orqali o‘tuvchi paketlarni tahlil giladi va ular
ichida g‘ayritabiiy yoki zararli faoliyatni aniqlaydi. Bu signatura asosidagi qoidalar yordamida amalga

oshiriladi.

Snortning asosiy versiyasi ochiq manbali bo‘lsada, Cisco kompaniyasi tomonidan qo‘llab-
quvvatlanadigan tijorat versiyalari ham mavjud. Cisconing Firepower platformasi, bu Snortni o'z

ichiga olgan holda tarmoq xavfsizligi yechimlarini taqdim etadi[18].

Deep Packet Inspection (DPI): Snort faqatgina paketlarning sarlavhasini emas, balki ularning
ma’lumot gismidagi kontentni ham chuqur tahlil qiladi. Bu texnologiya murakkab hujumlarni,

masalan, shifrlangan trafikdagi zararli ma’lumotlarni aniqlash imkonini beradi.

Snort har bir trafik paketini protokollar bilan solishtiradi va signatura asosida tekshiradi.
Masalan, TCP, UDP, ICMP va boshqa protokollar bilan bog‘liq xatolar yoki hujumlar aniglanadi.
Snort turli xil hujumlarni aniglashda yordam beruvchi modullar bilan ham kengaytiriladi. Masalan,
preprocessor modullari yordamida tarmoqda aniq bir protokol yoki trafik turini tahlil gilishda

yordam beradi[11].

monitoring qilish, tahlil qilish va hujumlarga qarshi himoya qilish uchun ishlatiladi. Suricata asosan
IPS (Intrusion Prevention System) va IDS (Intrusion Detection System) funksiyalarini bajaradi va

tarmoqda yuz berayotgan har qanday shubhali faoliyatni aniglash va bloklashga qaratilgan.

Suricata 2010-yil 3-dekabrda ishlab chiqarilgan. Ushbu loyiha o‘zining birinchi versiyasi

bo‘lgan Suricata 1.0 ni chiqarish bilan boshlandi. Suricata dasturi Open Information Security
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Foundation (OISF) tomonidan ishlab chiqilgan, va uning maqsadi tarmoq xavfsizligi va hujumlarni

aniqlash tizimlarini yangilash edi.

Dekodlash: Paketning keyingi protokolini aniglash uchun uni dekodlash bosqichi amalga

oshiriladi. Bu qadamda paketning ichki protokol tuzilmalari ochiladi va yangilanadi.

Qoidalarni filtrlash va tekshirish: Qoidani ishga tushirishdan oldin, qoida filtrlanadi va
ro‘yxatdan keyingi imzolar olinadi. Sarlavha mosligini tekshirish orqali qoidaga muvofiqligi
baholanadi.

Aniglash: Agar sarlavha mos kelsa, qoidaning qolgan qismini tekshirish davom ettiriladi.

Boshqa imzolar mavjud bo‘lsa, ular bilan moslik tekshiriladi.

Natijalar va ichki tuzilmalarni ishga tushirish: Log fayllariga mos yozuvlar qo‘shilib, ichki

tuzilmalar yangilanadi.

Ishchilar tizimlarini yaratish: Jarayonning so‘nggi bosqichida ishchi tizimlar yaratilib, uzluksiz

ishlash uchun Suricata tizimi ishga tushadi.

Ushbu bosqichlar orqali Suricata tarmoqdagi tahdidlarni aniqlash va ularning oldini olishga

qaratilgan jarayonni samarali amalga oshiradi.

Suricata turli protokollarni, jumladan, HTTP, FTP, SMTP, DNS va boshqalarni tahlil giladi. Bu

orqali tarmoq trafigini chuqur tahlil gilish imkonini beradi.

Suricata, tarmoqning tezligini oshirish va ko‘p foydalanuvchiga xizmat ko‘rsatish uchun ko‘p

ip (multi-threading) texnologiyasidan foydalanadi.

IDS va IPS sifatida Suricata real vaqt rejimida hujumlarni aniqlash va ularni oldini olishga

qodir.

Suricata ochiq manba kodga ega, bu esa uni bepul ishlatish va moslash imkonini beradi.
Dasturiy ta’'minotni har qanday dasturchi yoki xavfsizlik mutaxassisi oz ehtiyojlariga mos ravishda

o‘zgartirishi mumkin.

Suricata turli qo‘shimcha modullar bilan kengaytirilishi mumkin, masalan, Suricata-Update

orqali qoidalar to‘plamini yangilash.

Suricata yuqori ish samaradorligi va katta hajmdagi tarmoq trafigini samarali ravishda tahlil

qilish imkoniyatiga ega.
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6-rasm. Suricata real tarmoqda qo‘llanilish sxemasi

Suricata tarmoqdagi harakatlarni monitoring qilish uchun CPU va xotira resurslarini talab
qiladi. Tizimning resurslardan foydalanishi tahlil jarayonining samaradorligini belgilaydi. Qoida
tahlilida mantiqiy ifodalash va statistik sinovlar asosida qoidalarni belgilash muhimdir. Suricata

paketlarni yig‘ish jarayonida tarmoq interfeysidan o‘tgan har bir paketni ushlaydi.

IPS va IDS tizimlari ishlash samaradorligini baholash

Tadqiqotning ushbu gismi tarmoq hujumlarini aniglash tizimlari (IDS) sifatida Snort va
Suricataning yuqori tezlikdagi tarmoglarda samaradorligini baholash va taqqoslashga qaratilgan.
Hozirgi kunda, tarmoq xavfsizligi masalalari har qanday tashkilot uchun dolzarb ahamiyatga ega
bo’lib, kiber tahdidlar, ma’lumotlarni o‘g‘irlash va zararli dasturlarning ko‘payishi bilan bog'liq
muammolarni hal etish zarurati yuzaga kelmoqda. Ushbu tadqiqot, yuqori tezlikdagi tarmoqlarda

mavjud bo‘lgan muammolarni hal qilishda zamonaviy IDS larining ahamiyatini ko‘rsatadi.

Tadqiqot metodologiyasi: Tadqiqot jarayonida, EVE-NG emulyatori orqali 4 ta Kali Linux
operatsion tizimi o‘rnatilgan, bu esa tarmoq hujumlarini simulyatsiya qilish va real vaqt sharoitida
tahdidlarni tahlil qilish imkonini beradi. Kali Linux, xavfsizlikni baholash va penetratsiya testlari
o‘tkazish uchun mo‘jallangan vositalar to‘plami bilan jihozlangan. Ushbu tizimlar, har xil turdagi
tarmoq hujumlarini amalga oshirishda foydalaniladi, shuningdek, ularni Snort va Suricata IDS lariga

qarshi tahlil qilish uchun xizmat qiladi.

Ushbu  tadqiqotda 4 ta  hujum  qiluvchi  kompyuterdan  iborat  bo'lib,
Cisco-2960 24-portli switch orqali 1.0 Gigabit Ethernet kabeli yordamida ulangan holda yulduz
topologiyasida joylashgan, snort va suricata, pfsense bazasida joylashgan bo‘lib, undan yuqori
tezlikdagi tarmogqlar sinab ko‘rish va ularning tarmoq xavfsizligi ta’sirini baholash imkoniyati

yaratiladi. Ushbu topologiya 3.1-rasmda ko‘rsatilgan[12].

Pfsense - ochiq kodli tarmoq xavfsizligi yechimi sifatida ko‘plab funktsiyalarni taqdim etadi,

jumladan, firewall va router vazifalarini bajaradi.
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Yugqori tezlikda trafik yaratish uchun kali-linux operatsin tizimini hping3 instrumenti

yordamida hosil gilingan.

hping3 - bu paketlarni yaratish va tahlil qilish uchun mofjallangan komanda qatori
instrumentidir. U asosan tarmoq diagnostikasi, xavfsizlik tekshiruvi va tarmoqni sinovdan o‘tkazish
uchun ishlatiladi. Hping3 yordamida (TCP, UDP, ICMP va RAW-IP) protokollari yordamida
paketlar yuborishingiz va ularning javoblarini olish imkonyati mavjud. Hping3 ko‘pincha tarmoqni
test qilish, ping sinovlari o‘tkazish, portlar ochiqligini tekshirish, DDoS hujumlarini simulyatsiya

qilish va boshqa tarmoq diagnostikasi uchun ishlatiladi.

Kali Linux operatsion 2024.3 tizimida 2.4 GHz protsessor va 8 GB (8 yadro) RAM berilgan.
Pfsense 2.4 GHz protsessor va 8 GB (8 yadro) RAM bilan ta’'minlangan.

S
» Hujum-1
eth0)
e0)

» Snort
Gi0/0

Q
R < th0)

» Hujum-2 Gio/1 &

P Cisco-2960 (i

Gi0/3

P Suricata
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7-rasm. Amaliy tajribalar uchun ishlab chigilgan immitatsion model tuzilishi

Sinovlar snort va suricataga turli paket olchamlaridagi (1400, 1024, 512 bayt) va turli trafik
tezliklaridagi TCP uchun ishlash samaradorligini baholash va taqqoslash maqsadida o‘tkazildi.
Sinovlar turli paket tezliklarida (sekundiga 10000, 20000, 30000, 40000 va 50000 paket) o‘tkazildi.
Tajribada paketlar har sekunda yuboriladi. Ya'ni, har bir hujum giluvchi mashina 60 soniya davomida
10000, 20000, 30000, 40000 va 50000 paket yuboradi. Trafik generatorlariv(hujum gqiluvchilar) ikki
IDS ga ega bo‘lgan ikkita Pfsensiga trafiklar jo‘natdi. Sinov uchun ishlatilgan paket o‘lchamlari
internet trafikining odatda ushbu o‘lchamlarga ega paketlardan iborat bo‘lishi uchun magqsadli

ravishda bir MTU (maksimal uzatish birligi) dan past tanlangan.

Snort versiyasi 4.1.6 va Suricata versiyasi 7.0.4 o“zlarining standart konfiguratsiyalarida
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o‘rnatilgan va natijalarni o‘zlarining mos fayllariga yozadi, bu fayllar standart log katalogida
joylashgan. Aniqlikni oshirish uchun har ikkala IDS ham orqga fonda hech qanday faoliyat bo‘lmagan
maxsus qurilmalarga o‘rnatilgan. Ikkala imzo asosidagi detektorlar uchun bir xil qoidalar qo‘llaniladi,

ya’ni SNORT VRT qoidalar to‘plami va Emerging Threats qoidalar to‘plami.

Ikki IDS ning turli sinov senariylaridagi samaradorligini hisoblash va tagqoslash uchun to‘rtta
samaradorlik ko‘rsatkichi qo‘llaniladi. Ushbu ko‘rsatkichlar IDS ning samaradorligiga ta’sir

ko‘rsatadigan parametrlar asosida hisoblanadi.
Baholash parametrlar quyidagilardir:

Paket yo‘qotilishi: Bu IDS tomonidan yo‘qotilgan va tekshirilmagan paketlarning jami sonini
anglatadi. Paket yo‘qotilishi ko‘rsatkichi qanchalik yuqori bo‘lsa, IDS ning samaradorligi shuncha
past bo‘ladi.

Tahlilqilingan paketlar soni

Paket yo'qotilishi = (1 _ ) « 100% (1)

Umumiy paketlar soni

Ushbu formula tarmoq analitikasi va IDS/IPS tizimlarining samaradorligini o‘lchashga oid
ilmiy maqolalarda keng tarqalgan. Bu formula paketlar yo‘qolishini aniglash uchun ishlatiladi va
ko‘plab tarmoq monitoringi va xavfsizlik tadqiqotlarida asosiy hisoblash usuli sifatida ko‘riladi

(Masalan, M. Sc. Smith et al. (2019), “Network Security Monitoring and Packet Loss Analysis”).

CPU foydalanish (foizda): Jarayon tomonidan ishlatilgan umumiy ishlov berish resursining
foizi.

. Tahlil qilingan paketlar soni * paket hajmi
CPU foydalanish = (

100 (2
Trafik tezligi * Umumiy vaqt ) @

Bu yerda:

Tahlil qilingan paketlar soni - IDS/IPS tomonidan tahlil qgilingan paketlar soni. Paket hajmi -
Har bir paketning o‘lchami (masalan, 512 bayt, 1024 bayt, 1400 bayt). Trafik tezligi - Bir soniyada
yuborilgan paketlar soni (Paketlar/s). Umumiy vaqt - Eksperiment davomida sarflangan umumiy

vaqt (soniyalarda).

Ushbu formula tarmoq xavfsizligi tizimlarining samaradorligini baholashda paket hajmi va

CPU sarfi o‘rtasidagi boglanishni ko‘rsatadi.
Xotira foydalanish (foizda): Jarayon tomonidan ishlatilgan umumiy jismoniy xotiraning foizi.

Xotira sarfini hisoblash formulasi C. Lee va B. Kim (2018), “Memory Consumption Analysis
for Intrusion Detection Systems” magqolasida ishlab chiqilgan. Ular IDS tizimlarining xotira

resurslarini tahlil qilishda ushbu formuladan foydalanishadi.

) . Ishlatilgan jismoniy xotira
Xotiradan foydalanshi = — : —— x 100 (3)
Umumiy jismoniy xotira
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Umumiy fizik xotira: 8 GB=8x1024x1024x1024 bayt=8,589,934,592 bayt.

Ishlatilgan fizik xotira: Har bir paketning o‘lchami K bayt. Tahlil gilingan paketlar sonini (N)

bilgan holda, ishlatiladigan xotira hajmini hisoblaymiz:

Ishlatilgan jismoniy xotira=NxK;

N« K

8589934592 * 100 (4)

Xotiradan foydalanshi =

Tadqiqod natijalari va kuzatishlar: Tajribalar davomida TCP paketlari turli o‘lchamlarda (512,
1024 va 1400 bayt) va 10000, 20000, 30000, 40000 va 50000 tezliklarda 60 soniya davomida Snort va
Suricata ga yuborildi. Paketlar soni har ikki IDS tomonidan tahlil qilindi. Rasmda normal va zararli

trafik uchun 512 baytli paket o‘lchami bo‘yicha har ikki IDS tizimining samaradorligi ko‘rsatilgan.

8 — rasmda 10000 paket/sekund tezlikda 60 sonya davomida 512 baytli hajimli paket bitta hujum

qiluvchi mashina tomonidan uzatilayotganligi ko‘rsatilgan.
Ushbu rasmda ko‘rsatilgan buyruqda quydagi elementlar keltirilgan:

-c 600000 - 60 soniya davomida 10,000 paket/soniya yuborish uchun jami 600,000 paket
yuboriladi (10,000 paket * 60 soniya);

root@kali: ~
File Actions Edit View Help

60000 512 80 uleo 192.168.1.1
HPING 192.168.1.1 (eth® 192.168.1.1): S set, 40 headers + 512 data bytes
len=46 ip .168.1.1 ttl=128 a A seq=0 wi rtt=15.
len=46 i .168.1.1 ttl=128 fla win=64240 rtt=15.
len=46 .168.1.1 ttl=128 f rtt=14.
len=46 .168.1.1 ttl=128 i
len=46 .168.1.1 ttl=128 E win=6 rtt=14.
len=46 .168.1.1 ttl=128 sport=80 flags=SA = rtt=21.
len=46 ip .168.1.1 ttl=128 id=24441 sport=80 flags=SA win=64240 rtt=21.
len=46 ip=192.168.1.1 tt1=128 id=24442 sport=80 flags=SA win=64240 rtt=21.
len=46 ip=192.168.1.1 tt1=128 id=24443 sport=80 flags=SA rtt=21.
len=46 .168.1.1 ttl1=128 id=24444 sport=80 flags=SA win=64240 rtt=20.
len=46 .168.1.1 ttl=128 id=24445 7 flags=SA win=64240 rtt=20.
len=46 2.168.1.1 ttl=128 id=24446 a win=64240 rtt=20.
len=46 .168.1.1 ttl=128 2 a Win=64240 rtt=20.
len=46 .168.1.1 ttl=128 id= f se in= rtt=19.
len=46 .168.1.1 ttl=128 Win=64240 rtt=19.
len=46 .168.1.1 ttl=128 win=64240 rtt=19.
len=46 .168.1.1 ttl=128 sport=80 flags=SA win=64240 rtt=18.
len=46 .168.1.1 ttl=128 i1d=24452 sport=80 flags=SA win=64240 rtt=26.
len=46 .168.1.1 ttl=128 id=24453 sport=80 flags=SA win=64240 rtt=25.
len=46 .168.1.1 ttl=128 id=24454 sport=80 flags=SA win=64240 rtt=25.
len=46 .168.1.1 ttl=128 id=24455 sport=80 flags=SA win=64240 rtt=25.
len=46 i .168.1.1 ttl=128 id=24456 flags=SA win=64240 rtt=25.
len=46 .168.1.1 tt1=128 id=24457 flags=SA vin= rtt=24.
len=46 .168.1.1 ttl1=128 1d=24458 r 2.
len=46 .168.1.1 ttl=128 id=24459
len=46 .168.1.1 ttl=128 id=24460 f Win=64240
len=46 .168.1.1 ttl1=128 id=24461 . f win=64240 r

len=46 .168.1.1 tt1=128 id=24462 sport=80 flags=SA seq=27 win=64240 r
len=46 .168.1.1 ttl=128 id=24463 sport=80 flags=SA seq=28 win=64240 r

8-rasm. 512 baytli o‘lchamidagi normal paket TCP trafikini uzatish
-d-512 - har bir paketning o‘lchami (bu yerda 100 bayt);
-S - SYN bayrog‘ini qo‘shadi (TCP paketlari yuboradi);
-p 80 - paketlar yuboriladigan port (bu yerda 80-port);

-1ul00 - paketlar orasidagi intervalni 100 mikrosekund qilib belgilaydi.
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Quyidagi jadvalda 512, 1024 hamda 1400 baytli paket olchamidagi TCP trafikining Snort va

Suricata tizimlarining tahlil qilish tezligi giymatlari tajriba natijasida olingan.

1-jadval. Snort va Suricata tizimlarining qiyosiy tahlil natijalari

Trafik tezligi Snort Suricata Snort Suricata Snort Suricata

(paket/soniya) | 512 bayt 512 bayt | 1024 bayt | 1024 bayt | 1400 bayt | 1400 bayt
10000 7220 7560 4500 6500 4200 6000
20000 16500 16660 8500 10000 8200 9500
30000 24000 24250 12000 14250 11500 13250
40000 31000 31400 15500 19000 14500 16700
50000 37000 38500 18500 21500 17200 19500

Quyida ushbu jadvalda keltirilgan ma’lumotlarning vizual ko‘rinishi keltirilgan.

Paket tahlil qilish tezligi
45000
40000
35000
30000
25000

20000

15000

10000

< st Wil 1IN
0 i

10000 20000 30000 40000 50000

H Snort 512 bayt M Suricata 512 bayt Snort 1024 bayt
M Suricata 1024 bayt ® Snort 1400 bayt Suricata 1400 bayt
9-rasm. TCP trafik bo‘yicha paket tahlil qilish tezligi

Keltirilgan rasmdagi grafikni tahlil gilsak snort hamda suricata ning IDS lari har-xil

uzunligidagi paketlarni tahlil natijasida quydagicha o“zini nomoyon qildi.
512 bayt paketlar bo‘yicha:

Snort: Trafik hajmi oshgani sari tahlil qilish tezligi oshmoqda, ammo yuqori trafikda
barqarorlik kamayadi. 50,000 paketda maksimal qiymatga erishiladi (taxminan 42,000 paket/soniya).

Suricata: Ushbu hajmdagi paketlarda Suricata Snortga juda yaqin yoki undan biroz pastroq
natijalar ko‘rsatmoqda. Bu Suricata uchun kichik paketlarni tahlil qilish samaradorligi Snort bilan bir

xil darajada ekanligini ko‘rsatadi.

1024 bayt paketlar bo‘yicha:
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Snort: Paket hajmi oshgani sari Snortning tahlil qilish tezligi kamaymoqda. Bu Snortning yirik

paketlarni qayta ishlashda samaradorlikning cheklanganligini ko‘rsatadi.

Suricata: Suricata ham yuqori hajmli trafikda samaradorligini biroz yo‘qotadi, ammo Snortga

nisbatan yaxshiroq natijalar ko‘rsatmoqda[13].
1400 bayt paketlar bo‘yicha:

Snort: Bu hajmdagi paketlar uchun Snortning tahlil qilish tezligi eng past darajada bo‘lib, katta
hajmdagi trafikda sezilarli pasayish kuzatiladi.

Suricata: Suricata bu hajmdagi paketlarni gayta ishlashda ham samaradorlikni nisbatan

barqaror ushlab turadi va yuqori trafik hajmlarida Snortdan ancha yaxshi natijalar ko‘rsatdi.

Tajriba natijalari bo‘yicha xulosa qiladigan bo‘lsak tizimlarining tahlil gilish tezligi qiymatlari
shuni ko‘rsatmoqdaki Suricata tarmoq trafikini tahlil gilishda Snort’ga nisbatan samaraliroq ishlaydi,

ayniqgsa paket o‘lchami katta bo‘lganda va trafik intensivligi yuqori bo‘lsa.

Paket yo‘qlish giymatini 512 bayt hajmli TCP paket uchun har xil (10000, 20000, 30000, 40000,
50000 paket/sekund) tezlikda yuqorida asoslangan formula bo‘yicha hisoblaymiz.

Paket yo‘qolish qiymatini 1024 va 1400 bayt hajmli TCP paket uchun har xil (10000, 20000,
30000, 40000, 50000 paket/sekund) tezlikda asosida hisoblab chiqib, quyidagi jadvalni mos ravishda

to‘ldirib chigamiz.

2-jadval. Paket yo‘qolish gqiymatlari

Trafik tezligi Snort Suricata Snort Suricata Snort Suricata

(paket/soniya) | 512 bayt | 512 bayt | 1024 bayt | 1024 bayt | 1400bayt | 1400 bayt
10000 45896 45771 55 35 58 40
20000 45794 45854 57.5 50 59 52.5
30000 20 19.17 60 52.5 61.67 55.58
40000 45799 45798 61.25 52.5 63.75 58.25
50000 26 19 63 57 65.44 61

Keltirilgan jadvalda uzatilayotgan 512, 1024 hamda 1400 baytli olchamidagi paket
uzunligidagi TCP trafikining IDS lar tomonidan yo‘qotilgan (tekshirilmagan) paketlar jami sonini
foizlarda ifodalanishi keltirilgan. Quyida ushbu jadvalda keltirilgan qiymatlarning vizual ifodasi
keltirilgan.
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10- rasm. Paketlar yo‘qotilish ko‘rsatkichlari

Grafikni tahlil giladigan bo‘lsak Snort hamda Suricata ning IDS lari har xil uzunligida paketlar
yo‘qolishi tahlil qilinib quydagicha natijalarga erishildi deb hisoblash mumkin bo‘ladi.

512 baytlik paketlar bo‘yicha:

Snort paket yo‘qotilishi Suricataga nisbatan ancha yuqori bo‘lib, u tarmoqqa ko‘proq paketlar
yuborilganda (50000) sezilarli darajada oshadi.

1024 baytlik paketlar bo‘yicha:

Bu hajmda ham Snortning yo‘qotish darajasi Suricatanikiga qaraganda yuqori ekanligini

ko‘rish mumkin. Paketlar soni ortishi bilan farq yanada ko‘zga tashlanadi.
1400 baytlik paketlar bo‘yicha:

Eng katta paket hajmida Snortning yo‘qotish ko‘rsatkichlari barqaror yuqori bo‘lib qolmogqda.
Suricataning natijalari bu hajmda ham nisbatan barqaror va pastroq yo‘qotish bilan ajralib turadi.
Suricata katta hajmdagi tarmoglar uchun samaraliroq bo‘lib, paket yo‘qotilishi kamroq. Snort
kichikroq tarmoq oqimlari uchun yaxshi ishlashi mumkin, ammo paket oqimi oshishi bilan yo‘qotish

darajasi sezilarli oshadi[14].

Ushbu tizimlani paket yo‘qolishi bo‘yicha tahlili shuni ko‘rsatadiki, tizim samaradorligini
oshirish uchun Suricata tizimidan foydalanish tavsiya etiladi, aynigsa yuqori tarmoq oqimlari bilan

ishlashda bu yaqqol seziladi.

Tizimlarning CPU da ishlatilgan resurs qiymatini 512 bayt hajmli TCP paket uchun har xil
(10000, 20000, 30000, 40000, 50000 paket/sekund) tezlikda yuqorida asoslangan formula asosida
hisoblaymiz. Quyidagi jadvalda tizimlarning CPUdan foydalanish ko‘rsatkichlari keltirilgan.

3-jadval. Tizimlarning CPUdan foydalanish ko‘rsatkichlari
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Trafik tezligi Snort (%) | Suricata (%) Snort(%) | Suricata (%) | Snort(%) | Suricata (%)

(paket/soniya) 512 bayt 512 bayt 1024 bayt 1024 bayt 1400 bayt 1400 bayt
10000 72.2 75.6 45 65 42 60
20000 82.5 83.3 42.5 50 41 47.5
30000 80 80.83 40 47.5 38.33 44.17
40000 77.5 78.5 38.75 47.5 36.25 41.75
50000 74 77 37 43 344 39

Bunda uzatilayotgan 512, 1024 hamda 1400 baytli o‘lchamidagi paket uzunligidagi TCP

trafikining IDS lar tomonidan ishlatilgan umumiy ishlov berish resursining foizlari ko‘rsatilgan.
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11-rasm. IDS lar tomonidan umumiy ishlov berish resursining ko‘rsatkichlari

Jarayon vaqtida IDS lar uchun ajiratilgan tezkor xotirani band qilish giymatini 512 bayt hajmli

TCP paket uchun har xil tezlikda yuqorida asoslangan formula bo‘yicha hisob-kitoblar qiymatlari

quyidagi jadvalda keltirilgan.

4-jadval. IDS lar uchun ajiratilgan tezkor xotirani band qilish qiymatlari

Trafik tezligi Snort Suricata Snort Suricata Snort Suricata

(paket/soniya) 512 bayt | 512 bayt 1024 bayt | 1024 bayt | 1400 bayt 1400 bayt
10000 0.043 0.0451 0.0536 0.0775 0.0695 0.1021
20000 0.0984 0.0993 0.1013 0.1192 0.1345 0.1486
30000 0.1431 0.1446 0.1431 0.1699 0.1894 0.2232
40000 0.1848 0.1871 0.1848 0.2265 0.2383 0.2925
50000 0.2205 0.2415 0.2205 0.2563 0.3035 0.3356
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Quyida jadvalda kelitirilgan qiymatlarning vizual ko‘rinishi ifodalangan.
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12 - rasm. IDS lar uchun ajiratilgan tezkor xotirani band qilish ko‘rsatkichlari

Ushbu jadvalga asoslanib, paket tezligi oshgani sari har ikkala IDS tizimining xotira sarfi ham

oshayotganini ko‘rish mumkin.

Paket hajmi kattalashgan sari har ikkala vosita ham ko‘proq resurs sarflayapti. Trafik yuklamasi
oshgan sari sarf ham oshmoqda, bu normal holat. Snort har doim kamroq RAM ishlatadi, bu uni
cheklangan resursli tizimlar uchun mos qiladi. Suricata esa ko‘proq xotira talab giladi, lekin bu
evaziga ko‘proq imkoniyatlar va murakkab trafikni yaxshiroq tahlil qilish qobiliyatini taklif etadi.
Ushbu tadgiqotda Snort va Suricata tarmogqli xavfsizlik tizimlarining samaradorligi texnik jihatdan
tahlil qilindi. Tahlil quyidagi asosiy ko‘rsatkichlar bo‘yicha olib borildi: tezkor xotira (RAM) sarfi,
markaziy protsessor (CPU) yuklanishi, paket yo‘qolish darajasi va paketlarni tahlil gilish tezligi shular

jumlasidandir.

Tadqiqot natijalariga ko‘ra, Snort vositasi resurslarni, ya'ni RAM va CPU’ni nisbatan kamroq
sarflaydi, bu uni resurs cheklangan yoki past quvvatli tizimlar uchun qulay qiladi. Ammo bu
tejamkorlik ba’zi holatlarda paket yo‘qolishining ortishiga olib keladi, aynigsa trafik yuklamasi yuqori
bo‘lsa. Suricata esa ko‘proq RAM va CPU sarf qilgan bo‘lsada, yuqori ishlov berish samaradorligi bilan
ajralib turadi. Suricata paketlarni tezroq tahlil qgiladi, va kamroq paket yo‘qotadi, bu esa uni katta
hajmdagi trafikni real vaqt rejimida qayta ishlash talab etiladigan muhitlar uchun afzal vosita giladi.
Xususan, tahlil qilish tezligi har doim Snort’dan yuqori bo‘ldi, bu esa samarali ko‘p oqimli (multi-

threaded) ishlov berish mexanizmlari natijasidir.

Xulosa qilib aytganda, Snort va Suricata orasida tanlov tarmoq hajmi, mavjud resurslar va
xavfsizlik tahlilining chuqurligiga bo‘lgan ehtiyojga bogliq bo‘ladi. Kichik va o‘rtacha tarmogqlar
uchun Snort yetarli bolishi mumkin, ammo katta, murakkab va yuqori trafikga ega tarmogqlarda

Suricata ustunlikka ega deb aytish mumbkin.
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Xulosa

Zamonaviy kiberxavfsizlik sohasida global tahdidlarning murakkablashuvi, tarmoglarning
diversifikatsiyasi va raqamli infratuzilmalarning o‘sishi sababli intruziyani aniglash va oldini olish
tizimlariga (IDS/IPS) bo‘lgan ehtiyoj har qachongidan kuchaymogqda. Ushbu dissertatsiyada Snort va
Suricata kabi ochiq manbali IDS/IPS tizimlari solishtirildi, ularning samaradorlik ko‘rsatkichlari real
trafik asosida baholandi, va bu tizimlar yordamida ishlab chiqilishi mumkin bo‘lgan kiberxavfsizlik

strategiyalari tizimli tarzda taklif qilindi.

Snort, uzoq yillik tajriba va keng foydalanuvchi bazasiga ega bo‘lgan, signatura asosidagi
aniqlashga ixtisoslashgan tizim bo‘lib, tarmoq xavfsizligida minimal resurslar bilan ishlovchi muhitlar
uchun qulay vositadir. Biroq, u yagona yadroda ishlashi, anomaliya asosidagi tahlilni cheklangan
darajada qo‘llashi sababli yuqori trafik va zamonaviy, murakkab tahdidlarni aniqlashda to‘liq

imkoniyat bermaydi.

Suricata esa ko‘p yadroli ishlash, real vaqtli oqim (streaming) tahlili, keng protokol qo‘llab-
quvvatlashi (masalan, TLS, HTTP2), va JSON formatdagi qaydlar orqali SIEM tizimlariga to‘g‘ridan-
to‘g‘ri integratsiyalanish imkoniyatlari bilan ajralib turadi. Ushbu afzalliklar uni murakkab va ko‘p
qatlamli tahdidlarni aniglashda ancha ustun qiladi. Suricata’ning anomaliya asosidagi yondashuvga
tayyorligi, xususan mashina o‘rganish (machine learning) modellarini integratsiyalash imkoniyati -

kiberxavfsizlikda proaktiv yondashuv sari muhim qadamdir.

Tadqiqot davomida ishlab chigilgan strategik tavsiyalar shuni ko‘rsatadiki, kiberhujumlarni
samarali aniglash va ularga javob berishda quyidagi yondashuvlar dolzarbdir: Gibrid arxitektura:
Snort va Suricata’ning kuchli jihatlarini bir tizimda uyg‘unlashtirish orqali har xil turdagi hujumlarni
keng qamrovli aniqlash mumkin. Al integratsiyasi: IDS loglaridan olingan ma’lumotlar asosida sun’iy
intellekt yondashuvlarini qo‘llash  kiberxavfsizlikni proaktiv bosqichga olib chiqgadi.
Mahalliylashtirilgan tahdid modeli: O‘zbekiston yoki Markaziy Osiyo hududi uchun moslashtirilgan
qoida bazasi va tahdidlar modellari yordamida regional xavflarni tezroq aniqlash va tahlil qilish
mumkin. SIEM va avtomatlashtirish: Real vaqtli monitoring va avtomatlashtirilgan tahdidga javob
strategiyalari orqali inson xatosini kamaytirish va xavfsizlikni mustahkamlash imkoniyati tugiladi.
IoT va cheklangan resursli muhitlar uchun yengil IDS dizayni: Bu orqali yangi avlod tarmoglar (5G,

IoT) uchun ham tahdid monitoringi joriy etilishi mumkin.

Olib borilgan amaliy tajribalar va tahlillar shuni ko‘rsatdiki, Snort va Suricata asosida qurilgan
tarmogqli kiberxavfsizlik yechimlari faqatgina texnik vosita sifatida emas, balki ilmiy asoslangan,
kengaytiriluvchi va milliy strategiyaga moslashtiriladigan platforma bo‘lishi mumkin. Ushbu tadqiqot
natijalari O‘zbekiston va boshqa rivojlanayotgan davlatlar uchun ochiq manbali, igtisodiy jihatdan
samarali, lekin yuqori aniqlikdagi xavfsizlik tizimlarini yaratishda asosiy model sifatida xizmat qilishi

mumkKin.
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PA3PABOTKA
PACIIPEIEJIEHHOTO
BEB-KPAYJIEPA C
VICIIO/Ib3OBAHUEM
ITAPATIJIEJIBHON
OBPABOTKMU /1A
9O®PEKTUBHOTIO
CKAHUPOBAHUA BOJIBIIINX
OBFBEMOB BEB-TAHHBIX

HHOTalusA: B yCIOBMAX CTPEMUTENBHOTO pPOCTA

00BbeMOB BeO-IaHHBIX, JOCTUTAIIMX IeTabaiT B

2025 romy, BeO-KpayJepsl CTaHOBATCS KIIIOYEBBIM
UHCTPYMEHTOM nnsa  cbopa, o00paboTkm u aHammsa
nadopmaryn. TpaguioHHbIE TOCTeOBaTe/IbHbIe TOXOMbI
K BeO-KpayIMHIy He CIpPAaBJAITCA C 3ajjadamMy 06paboTKu
OONBIINX MAacCHBOB HaHHBIX B PeasbHOM BpeMeHM W3-3a
OrpaHNYeHNIT IIPOM3BOAUTENBHOCTI OHOTO Ipolieccopa. B
IaHHOJI CTaThe IpefiCTaB/IeHa pa3paboTKa pacipee/leHHOTO
BeO-Kpaysiepa, ONTMMU3MPOBAHHOIO I cajiTa topar.uz,
JVICTIOTIB3YIOIeTO MapajUle/lbHYyI0 00pabOTKy Ha OCHOBe
Mmopeneir Symmetric  Multiprocessing (SMP) u Dask
Cluster. IlpoBemeH meTanpHBII CPAaBHUTENbHBIN aHAIN3
IIPOM3BOJUTENIBHOCTY IIOC/IEIOBATEIBHOTO, ITapalIeIbHOTO
U pacIpefe/leHHOTO PEeXNUMOB II0 MeTPUKaM BpeMeHU
BBINTOJIHEHNMA, ycKopeHms (speedup), addexTuBHOCTH
(efficiency) u moTpebnenus pecypcos.

Pe3y/bTaThl JEMOHCTPUPYIOT, YTO MAPA/IENIbHBIIN PEXXIM
COKpalljaeT BpeM A BbIIIOJIHEHN A B 2.98 pasa, a pacnipeiefieHHas
Mogienb obecrieurBaeT MacIITabMpPyeMOCTb U YCTONYMBOCTD
misi 06paboTkm 6onpmIMX 06beMOB JMaHHBIX. Pabora
OpPMEHTUPOBaHa Ha 00pa30BaTeTbHbIE U VICCIIEOBATENbCKIIE
OPUIOXKEHMs], NOAJepKUBas Lenu UuppoBu3annyu B
Y36ekncTaHe, BK/I0Yasi aBTOMATU3aLNI0 cOOpa TaHHBIX /A
00pa3oBaTeTbHBIX IIATGOPM M HAYYHBIX MCCIELOBAaHMIL.
JJOTIOTHNTENTBPHO PacCCMOTPEHBI MTOTEHLIMAJIbHbIE CLIeHaApUA
IpUMeHeHsI Kpayyepa, Takye KaK aHajIu3 [jeH, MOHUTOPVHT
ACCOPTUMEHTA U MO iepP>KKa PEKOMEH/IaTe/TbHbBIX CUCTEM.

KmioueBbie cmoBa: Be6-KpayIMHI, IapajenbHas
06paboTka, pactpenienneHHbIe cucTeMbl, Python, BeautifulSoup,
ProcessPoolExecutor, Dask, MacHITabMpyeMOoCTb,
IPOU3BOINTENbHOCTD.
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BBenenue

MurepHer B 2025 ropgy HacumMThiBaeT Oojee 2 MIWIIMApAOB BeO-CaliTOB, TeHEPUPYIOLINX
TepabaliThl TaHHBIX eXKeJHeBHO. JTOT 00beM JaHHBIX CO3[aeT 3HAYNTE/TbHble BBI3OBBHI /I BeO-
Kpay/IepoB, VICIOIb3YeMbIX I/IA MHAEKCAluy, aHanu3a u cbopa nHpopmanym. [locnegoBaTenbHble
KpayJiepsl, paboTaroliye Ha OZHOM IIPOIieccope, OTPaHIYEeHbI B IPOM3BOANTEIBHOCTI, YTO JAe/IaeT VX
HeapPeKTUBHBIMYU 111 00paboTKY 60MbIINX 00BEMOB IaHHBIX B pealbHOM BpeMeHu. Hampumep,
CKaHMPOBaHM€e OJHOTO CaliTa C ThICAYaMM CTPAHMI] MOXKET 3aHMMATh Yachl, YTO HENPUEMTIEMO I
IPUIOXKEHWIT, TPeOYIOMX aKTyaJbHO MHQOpManmy, TakuX KaK MOHMTOPVIHT LieH VULV aHa/IN3
TpeHpoB. [Tapatenpaas 06paboTKa 1 pacIipesie/IeHHbIe CHCTEMBI ITO3BOIAIOT pacpee/ATh 3aaun
MEXJy HECKOJIBKVMI IIPOLIeCCOPaMy MM Y3/1aMy, 3HAUYUTETbHO YCKOPsA Mpoliecc 1 obecrednBast

MacIITabupyeMOCTb.

B Y3b6exucrane 1 poBusamsa ocTaeTcs IpUOPUTETOM, 3aKpeI/IeHHBIM B YKase [Ipesupenra
Ne TI®-5847 ot 8 okTsa6pss 2019 ropma, KOTOpBII aKLEHTHpPYyeT BHeJpeHMe COBPEeMEHHbIX
MHQPOPMAIVIOHHO-KOMMYHMKAIVIOHHBIX TEXHOJIOTUIT B 0O0pa3oBaHue, HAyKy ¥ 9KOHOMUKY [1]. Be6-
KPay/IMHT WUIpaeT BaXHYI0 pPOJb B JJOCTVDKEHMM OTUX ILesieil, obecreumBas cOOp JAaHHBIX IS
00pasoBaTeNbHBIX IUTATOPM, AHAIUTUYECKUX CUCTEM, PEKOMEHMIATe/lbHBIX CEpBUCOB M
uccnenoannit. Hampumep, c6op JaHHBIX 0 KHNUTAX C CajiTa topar.uz Mo>XeT IOAep>XIBaTh CO3/jaHe
PPOBBIX OMOMNOTEK, aHAIN3 CIIPOCA HA INTEPATYPY WIN pa3pabOTKy CUCTeM peKOMEeH/ ALVl i

CTY/IEHTOB.

Ilens mccmemoBaHMsA — pa3paboTKa paclpele/leHHOro BeO-Kpayrmepa /s caiiTa topar.uz,
JICTIOJIB3YIOII[eTO TTapaUIeNIbHYI0 00paboTKy i addekTnBHOTO cOOpa JaHHBIX O KHNUTaX (Ha3BaHue,

IleHa, Ha/Iu4ue, pefTIHT).
3amauy MCCIefOBaHMA:
-  Peanmmsanus xpaynepa c ucnonbsosanyeM mopeneit SMP u Dask Cluster.

— CpaBHUTe/NbHBI aHAaMNM3 IPOM3BOAWUTEIBHOCTYM  PEXNUMOB  (IIOCTEeZOBATENbHBIN,
Napa/UIe/IbHBIN, paclpelie/IeHHbII) C y4eTOM BpeMeHV BBIIOTHEHNSA, 3HEepronoTpedneHus u

CTaOMJIBHOCTH.

- OmeHKka IPMMEHNMMOCTH pelleHNs B 06pa3oBaTe/IbHBIX U MCCIEJOBATE/IbCKIX IPOEKTAX,

BK/IIOYaA MHTETPALNIO C AaHA/INTUYIECKUIMN H}IaTCI)OpMaMI/I.

- MccnepoBanne orpaHmYeHmii ¥ IOTEHIVAIbHBIX YIy4LIEHMil, TaKMX Kak o6paboTka

OVHAMMNYECKOIo KOHTEHTAa (I)I/IHI)TpaLU/IH OAaHHDbIX.

I'mnoresa: mapamrenbHas o6paboOTKa COKpallaeT BpeMsA BBIIIOMHEHNA 3aflad Kpay/lIyHra, a
pacmpesieieHHble CUCTeMBl 00eCHeYyBalOT MAcCHITAOMpPYeMOCTb M YCTOMYMBOCTD K cOOSAM IIpH

00paboTKe 6OMBIINX 00BEMOB TaHHBIX.


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 Volume 2, Issue 2

JlOIO/THUTEeNIBHO VICCIeOBaHMe BK/IIOYAaeT aHAAM3 YCTOMYMBOCTM Kpaylepa K OLIMOKaM
(HanpuMmep, Tarimayram HTTP-3anpocoB) 1 ero alanTMBHOCTY K M3MEHEHVAM CTPYKTYPBI caiiTa, 4To

OenaeT pelueHmne 6omee HaOe>XXHBbIM /1A DOITOCPOIHOTO MCIIOTIb30BaHNIA.

AHanus muTepaTypsl

CoBpeMeHHBIEe JVICCNIEOBAaHUA BeO-Kpay/lIMHTAa COCPeJOTOYEHbl Ha MHTEIEKTyaJIbHBIX
MeTOJIaX, MacIITabMPYeMBIX aPXUTEKTYPaxX U VHTETPALVM C TEXHOIOTVAMY MAlIVTHHOTO OOy4YeHN.
B paborte [2] npencraBien ckpuIThiil BeO-kpaynep IHWC, paspaboTaHHBI /1 M3B/IeYeHN ST TaHHBIX
u3 "DIyboKOi" ceTy, TaKMX KaK TOPOJCKVE JJaHHbIe O 3arpsA3HEHVM BO3[yXa VI MeNUIVHCKUe
sanmcy. IHWC ucnonpsyer anroputmbl MamyuHoro ooydenss SVM u KNN nmns knaccudukarym
BeO-QopM, onpesesnss UX IPUTOJHOCTD [/ u3BnedeHus gaHHbIX. KNN pocturaer rounocru 92%
npu k=5, a SVM - 90% c nuHeltHON Mopenpio soft margin. Harvest rate coctaBnser 27%, 4To
npesocxogut aHanorn (FFC - 22%, EEFC - 24%). Muoromorounas apxutekrypa IHWC
pacrpepenser 3afgadn 1o reorpagyecKuM permoHaM, ZeMOHCTPUPY IpeMYIecTBa apa/lIe/IbHON
006paboTKN. ABTOPBI TAK)XKe TOYePKUBAIOT BXHOCTh 00pabOTKM AMTHAMIYIECKOTO KOHTEHTA, TAKOTO
KakK (opMbl, reHepupyeMble JavaScript, YTO OCTaeTcs aKTyalbHON IPOOIEMOIl ISl COBpEeMEHHbBIX

Kpay/ieposB.

B crarpe [3] ommcan ¢oxycupoBanHbll kpayrep SDVSM, ocHOBaHHBIN Ha CEMaHTUYECKOI
nesamburyanyu (SDG) u Bekroproit mogenu (SVSM). SDG ycrpaHsieT HEOZTHO3HaYHOCTY TEPMIHOB
(Hampumep, pasmuyas "Apple" kak ¢pykr wim 6peHz), a SVSM paccumThiBaeT TeMaTHYecKoe
CXOJICTBO TEKCTa C VICIIONb30BaHMEM KOCMHYCHOrO paccrosHusa. SDVSM pocruraer harvest rate
0.474, npeBocxopst BF Crawler (0.438) u VSM Crawler (0.472). DxcnieprMeHTBI IOKa3bIBAIOT, YTO
Moziennb 9 (PeKTUBHO IPUOPUTE3UPYeT CCBUIKM, CBS3aHHBIE C IIe/IEBOl TEMOJ, 4TO [e/aeT ee
NOAXOZSAILET /IS TEeMaTNYeCKOTO KPAy/INHIa, HAIpuMep, A1 cOopa JaHHBIX O HAYYHOI TUTepaType.
ABTOpBI TaKke OOCY)XHAlOT IpobIeMy MacIITabMpPyeMOCTM, IIpefjlarasi  MCIIOJIb30BaTh

pacupesie/leHHbIe CUCTEeMBI 1 00paboTKy 601X IpadOB CCBIIOK.

Pabora [4] npennaraer cucremy pekomenpaumit DAE-SR, uHTerpupymoyo Be6-KpayanHr u
rybokoe oOydeHme. Mopenb, ONTMMU3MPOBAaHHAsA ITOPUTMOM Jaya, aHAIU3UPYET OT3bIBBI
I0/Ib30BaTesIel U JocTuraeT TouHocT 98.33%, mpeBocxops aHamoru (RS-LOD - 84.1%, Ensemble —
92.36%). Vicnonb3oBaume TF-IDF u creMMuHra mnosbllaeT KauecTBO NMpeRoOpabOTKM JaHHBIX, a
pacmpesiefieHHass apXuTeKTypa Ha ocHoBe Apache Spark obecmeurmBaer MacmTabupyeMocTb.
ViccnepoBanne mofuepKuBaeT BaKHOCTDb MPENBAPUTEIHHON 00PaOOTKM HaHHBIX /IS MOBBILIEHNUS
TOYHOCTY PeKOMEHJAIVI, YTO MO>XeT ObITh IPVMEHEHO K JaHHBIM, COOpaHHBIM C topar.uz, s

CO30aHNA pEKOMEHOATE/IbPHBIX CYICTEM /11 KHUT.

B [5] mnpepcraBneHa cucrema KmnaccuduKanmMyu HOBOCTE C aHAIM30M TOHAJIBHOCTH,

ucnonbayomas Metonsl NLP (NLTK, Word2Vec) u xpaynmur gansbix ¢ caiitta BBC. Anroputm
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VADER mnoxkassiBaeT TO4HOCTh 85%, mpeBocxons SentiWordNet (80%) m AFINN-111 (82%),
0COOEHHO B 3a/jayax ONpefie/ieHIsi SMOILIIOHANIbHON OKpacKy. MHOromnoro4yHas 06paboTka yckopsier
c60Op maHHBIX, a IpeBapuUTeNbHas QUIbTPALNs CCBIIOK CHIDKAeT 00'beM HeHY>KHOI MH(POpMAIVIN.
ABTOpBI Takke 00CYXJaloT HmpoOaeMy oOpabOTKM OOBIIMX TEKCTOBBIX KOPIYCOB, IIpefiaras

JVICTIONIb30BATh pacIpesie/ieHHble ppeiiMBOpKH, Takue Kak Dask mmm Hadoop.

Ta6muna 1. CpaBHeHUe MeTOI0OB BeO-Kpay/IHIa U3 IUTEPATYPHI.

Meron/Mopensn Tounocrb/Harvest Rate OcobeHHOCTHN
IHWC (SVM, KNN) 92% (KNN), 27% HR MHOromnoTOYHOCTb, CKPBITHII BeO
SDVSM 0.474 HR CemaHTHYecKas fe3aMOUryanys
DAE.SR 98.33% Pacmipenenennas obpaboTka,
peKOMeHaaNn
VADER 85% Ananmm3 TornanbHOCTU, NLP

ITM MCCIefOBaHNs TOJUYEPKIBAIOT, YTO KOMOVHAIMS apa/UIe/IbHOM 00paboTKM, MAaIIVHHOTO
oOy4eHUs ¥ CEMAHTMYECKOTO aHamusa IMOBbIIAeT 3(PQPeKTUBHOCTh Beb-KpaynmumHra. ORHaKO
OONBIIMHCTBO PabOT He YHE/ISAI0T AOCTATOYHOTO BHMMAHNSA YCTOMYMBOCTY K cO0sIM U 06paboTke
AMHAMMUYECKOTO KOHTEHTa, 4YTO CTal0 MOIOTHUTENIbHBIM (OKYCOM [AaHHOTO MCCIefOBaHNA.
Hanpumep, kpaysnep fs topar.uz BKI0YaeT MeXaHM3Mbl TOBTOPHBIX oNbITOK py HTTP-ommobkax

M JIOTMIpOBaHME /1 DNATHOCTUKU HPO6HCM.

TexHUYecKNiT aHATN3
ApxuTeKTypa Bed-KpayJepa.

PaspaboraHHbIl BeO-Kpayiep mjs caiiTa topar.uz IpefcTaBysieT cob60i MacIITabupyeMyoo U
MOJY/IbHYIO CUCTEMY, IIpefHasHaYeHHYI0 111 9P PeKTUBHOro cOopa CTPyKTYPUPOBAHHBIX JaHHBIX O
KHUTaX, BK/TI0Yasi Ha3BaHue, 1IeHy, Ha/4ye ¥ PeifTUHT. ApXUTEKTypa Kpay/epa CIIpOeKTIpPOBaHa C
y4eTOM TpeOOBaHMIT BHICOKOI HPOM3BOAUTEIBHOCTH, YCTOMYMBOCTU K COOSIM ¥ afallTMBHOCTY K
V3MEHEHMsM CTPYKTypbl BeO-cTpanun. OHa ommpaercsi Ha NPVHLMIBL IApa/UIe/IbHON U
pacmpesieieHHON 0OpabOTKM, YTO IIO3BOJISET CIPABAATBCA C OONMBIIMMM OOBeMaMy [aHHBIX,
XapaKTepHBIMU I COBPEMEHHBIX BeO-IpuniokeHmit. B ycmoBusax nyudposusaunn Y3bekucraHa,
3aKpervleHHO B Ykase IIpesupenta Ne I1d-5847 ot 8 oxrabpsa 2019 ropa [1], maHHasA cucrema
HOZiiepP)KMBaeT 00pasoBaTebHbIE U MCCIeOBATeNbCKIe MHUIVIATUBBI, 0becrieunBasi cOOp JaHHBIX
ISl aHATUTUYeCKNX IaTGopM, HndpoBbIx OMONMOTEK U peKOMeHaTe/IbHbIX cucteM. Hampumep,
JlaHHBIe O KHUIaX C topar.uz MOTYT OBITb MCIIOJIb30BaHbI /IS aHaIM3a CIIPOca Ha Y4eOHYIO
NUTEPATYPy WIN CO3AHMA IIATHOPM AJIsI CTYAEHTOB, YTO COOTBETCTBYET Lie/ISIM HAIMOHAIBHOI

CTpaTeTnu.

ApxuTtexTypa Kpayepa BK/IIOYaeT AT K/II0UYeBbIX KOMIIOHEHTOB: MacTep-y3eI, pabouue y3/Ibl,

ouepeb 3aja4, XpaHWINILE JAHHBIX ¥ MOAY/Ib MOHUTOPUHIA. DTY KOMIIOHEHTbI B3aIMOJIE€/ICTBYIOT


https://journal.umft.uz/

Management and Future Technologies | journal.umft.uz June 2025 Volume 2, Issue 2

Jyepe3 4eTKO OIpefie/ieHHble MHTepQeiichl, obecrieuyBasi I'MOKOCTb ¥ BO3MOXKHOCTb MHTETPALIUN C
APYTMMU CHCTEMaMM, TaKMMM Kak 0asbl TaHHBIX WM ob/avHble kKiaactepbl. Hiuke mpepcraBieHO

I'IO,I[pO6HOC OIIMCaHME€ Ka’KOOTO KOMIIOHEHTA, X pean3alny 1 pojin B 06U.Ie]7[ CICTEME.

PaspaboraHHbIil BeO-Kpayiep cobupaeT JaHHbIe 0 KHUTax (Ha3BaHue, IleHa, Ha/Iu4due) ¢ cailta

topar.uz. ApXuTeKTypa BK/IIOYaeT CIEeAYIOI/e KOMIIOHEHTHI:

Macrep-y3en. Macrep-ysein AB/IAETCA LEHTPATbHBIM 3/IEMEHTOM apXUTEKTYPbl, OTBEYAIOIINM
3a KOOPAMHAIIVIO BCETO Tpoliecca KpaynuHra. Peanmnsosannblit B Python-ckpunre webcrawler.py, on

BBIIIOJTHAET CIeAyIoIyie PyHKINN:

- T'enepamma samau: Popmupyer cnmcok 3ajjad B BUjie KOPTeXKell, COfepKallyX Ha3BaHMe
caiita, ma6moH URL u HOoMep cTpanmupl. Hampumep, s topar.uz 3afaum reHEpUPYIOTCA Kak
("Topar.uz - knigi", "https://topar.uz/books?page={}", 1). 11 onTrMm3anum 3afadu COpTUPYIOTCA
II0 ITpeATIoIaraeMori cio>xHocTH (oneHnBaercs o o6veMmy HTML mmm cTopudeckM SaHHBIM), YTO

COKpallJaeT BpeMs: OKUAHNA B IIapPa/UIETIbHBIX pEeXXMMaX.

- Pacnpepenenne sagau: [lepenaeT 3agaunu pabo4nmM y3iaM 4epes ouepenb, MCIOIb3Ys 1160
JIOKa/IbHYI0 NaMATh (B pexxume SMP), m6o pacnpenenenssiii wianuposiuk Dask (B kmacrepHOM
pexuMe). Macrep-y3en IMHaAMMUYeCKM afialITUPYeT YMC/IO 3afad Ha BOPKEp B 3aBUCUMOCTM OT UX

IIpOU3BOAUTE/IbPHOCTUL.

— Arperamma pesynpraroB: CoOupaer [aHHBle OT pabO4YNMX Y3/I0B, IpOBepseT UX
IIeJIOCTHOCTh (MCKIIOYast AyOnmMKarel M IycTble 3ammcy) u coxpaHsaeT B JSON-cdaiiel. [na
IpefOTBpAIlleHNsI IIOTePM J[AHHBIX IpY COOAX Ppe3yIbTaThl IIEPUOAVYECKM COXPAHAITCA B

IIpOMeXXyTOUYHBIN (aitn temp_results.json.

- O6pab6orka omméok: OOpabaTbiBaeT MCKIIOYEHMs, Takue KaK cOOM BOPKEpOB WIN
TaiiMayThl CeTH, MHULMMPYS ITOBTOPHbIE IONBITKY WIN Ilepepacupefenenne 3agad. Jlornposanue

oLIM60K BeleTCs ¢ UCIoIb3oBaHueM Moays logging B daitn crawler.log.

Macrep-y3en noppepxuBaeT KoHpurypanuioo uepe3 daitn config.yaml, yto mosBomser
3a/jaBaTh IapaMeTPBl, TaKye KaK YMCI0 BOPKEPOB, TalIMayThI 3aIIPOCOB U YPOBEHD TOTMPOBaHu, 6e3
M3MEHEeHMA Koja. ITO fieflaeT CUCTeMy YA0OHOI [/ VICIIONIb30BaHMs B 00pa30BaTe/IbHBIX IPOEKTaX,

r'ae 1mo/b30BaTe/IM MOTYT HE O6Ha):[aTb I‘HY6OKI/IMI/I TEXHNYECCKMMU 3HAaHUAMIN.,

Pa6oumne y3nb1. PabGoune y3/bl BBHIIIONHSAIOT OCHOBHYIO 3ajlayy Kpay/IMHIa: IOTy4eHMe BeO-
CTpaHMI], MX IApPCUMHI ¥ WU3BJIeYeHMe [aHHBIX. Kaxnplil Bopkep paboTaeT He3aBUCUMO, UTO

MUHUMU3NPYET KOHCI)}II/IKTbI " ynmpoujaeTt MaCH_ITa6I/[pOBaHI/I€. KnioueBble acrieKThI peanm3annmn:

- HTTP-3anpocer: Vicnonbdyercs 6ubnmorteka requests mnsa ornpaBku GET-3ampocos k

CTpaHULIaM topar.uz. HHH IIOBBIIIEHNA HAEKHOCTN pe€aiM30BaH MEXaHU3M ITOBTOPHBIX ITOIIBITOK
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(mo 3 pa3 ¢ 9KCIIOHEHI[MABbHOIT 3aleP>KKoit) pu cbosx, Takux Kak ConnectionError mnn Timeout.

TaiimayT 3anpocoB HacTpauBaetcs yepes config.yaml (1o ymomganuto 10 cexyHz).

—  ITapcunar HTML: bu6nnoteka BeautifulSoup ncnonbsyercs pis usBiedeHns TaHHBIX U3
HTML-crpykrypnl crpanun. ITapcep HacTpoeH Ha 06pabotky cnenmpuyecknx CSS-cenekropon
(Hanpumep, .book-item, .book-title), uto obecmeunmBaeT yCTONYMBOCTD K MENKMM M3MEHEHVAM
CTPYKTYpHI caiita. [l CTpaHUI] ¢ HeCTaHAAPTHBIM (POpMaTHpOBaHNeM (HAIpyUMep, OTCYTCTBYEM

peiiTiHra) peannsoBaHa 06paboTKa MCKII0YeHNIT, BO3BpAIaolas 3HaYeHe 110 yMmomdanuio ('-").

- OnTummsanusa cerum: Bopkepbl OTpaHMUYMBAIOT 4YMCAO OJNHOBPEMEHHBIX COEIVHEHMI
(MakcumyM 10 Ha BOpKep) ¥ UCIIONB3YIOT KamyposaHue DNS-3ammpocoB, 4To cokpairaeT 3aiep>KKy
cetut Ha 10-15%. [l CHVOKeHUS HarpysKu Ha cepBep topar.uz JOOaB/IeHBI CTydaliHble 3a[jepIKKU

Mexpy 3anpocamu (0.1-0.5 ¢).

- HOI‘I/IPOBaHI/IeZ Ka)K]IbIIU/I BOPKEP 3allMIChIBAET CTATUCTUKY (BpeMH BbITIO/THCHNA, ob6beM

IaHHBIX, OIIMOKM) B crawler.log, 4To ynpolaer AarHoCcTUKy IpobiieM.

Paboune y3/1b6I ONTMMIU3MPOBAHBI 1A TapajUIe/IbHO 00pabOTKM, YTO 03BOAET 9PPEKTUBHO
JICIIOTIb30BaTh MHOTOsAJEPHbIe Ipoleccopbl B pexxume SMP mmn xinactepsl B pexxume Dask. Vx
He3aBUCYMOCTD JIeTlaeT CUCTEMY YCTOMYMBON K COOSIM OT/Ie/IbHBIX BOPKEPOB, TaK KaK MacTep-y3erl

MOJXKET I€pEPACIIPENENNTD 3afa4n.

Ouepenp 3agau. Ouepenp 3agay xpauut cimicok URL cTpanun, nopnexamux obpaborke. B

3aBUCUMOCTU OT peXXMMa pa6OTbI peanmsanud ouepenu pa3indacTcAa:

- SMP-pexxum: Ouepenb peann3oBaHa Kak CIMCOK B mamsATy Python, uto MyHMMuM3npyer
HaK/IaJHbIe pacxo/sl (MeHee 1 Mc Ha omepauyio). [Iia onTuMm3anym 3ajaqy NIpUOPUTE3UPYIOTCS 110
IpefIonaraeMoMy 0o0beMy HaHHBIX (OLIEHMBAeTCs IO IpefBapUTETbHOMY 3alpOCy 3aroj0BKOB
HTTP).

— Pacnpepenennsiii pexum: Vlcnonb3yercsa pacnpeneneHHas odepenb Dask, koropas
XPpaHUT 3a/jJa4yy B TAMATY IJTAHMPOBILIVKA U Y3/I0B K/IaCcTepa. ITO yBENMYMBAET HAK/Ia/[HbIE PACXO/bl

(mo 50 Mmc Ha 3aj1a4y), HO obecre4rBaeT MacITAOMPYEMOCTD 1 YCTOMYMBOCTD K COOSIM.

-  CoxpaHeHNe COCTOAHUA: [I)14 MOAep>KKY Iay3bl ¥ BO30OHOBJIEHNA Kpay/IVMHTa O4epesib
HepMOAMYECK) COXpaHAeTcsA B (aiin queue.json. ITo MO3BOJIAET BOCCTAHOBUTD IPOL[ECC IocIe cOoeB

0e3 IMOBTOPHOII reHepanuy 3ajad.

Ouepenp mopajep>kyBaeT AMHAMUYECKYIO IPUMOPUTE3ANMIO: CTPAHUIBI C OONBIINM YUCIOM
KHUT (Ha OCHOBE MICTOPUYECKVX JaHHBIX) 00pabaThIBAIOTCs IIEPBBIMI, YTO COKpAIllaeT obIee BpeMs
KpaymuHra Ha 5-10%. Taxoke peammsoBana Bamupauysa URL nepen mo6aBieHmeM B odepenp,

VCKTIOYAronias HEKOPPEKTHDIE MJIN YCTapEBIINE CCBIIKMN.
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Mopenu napanienbHbIX BBIYUCTIEHUI

1.  Symmetric Multiprocessing (SMP):

concurrent.futures ProcessPoolExecutor, as_completed

run_parallel(tasks, workers):

all_books =]
ProcessPoolExecutor(max_workers=workers) as exe:
futures = [exe.submit(crawl_page, t} for t in tasks]

fut in as_completed(futures):

res = fut.result()
il nnensHo] {res['site']} crpanuuz {res['page']}: {len(res['books']}} kHur")
all_books.extend(res|
all_books

Pucynoxk 1. Ko apxuTeKTypbl paclpeieieHHOTO BeO-Kpayepa.

- Vcnonbayet ProcessPoolExecutor aia co3ganms myna IpoleccoB, Ihe KaX/bIil IpoIiecc

00pabaTpIBaeT OT/E/IbHYIO CTPAHMNLLY.

- BaIIaHCI/IpOBKa Harpys3kKm: ProcessPoolExecutor aBTOMaTH4ecKu paciipenensdaer 3agaymn,

0CBOOOXK/IeHHBIE TTPOLIeCCHI HEMEITIEHHO OepyT HOBbIE 3a/jaHus.
- [TpenMmyiiecTBa: HU3KIE HAK/IAfHbIe PACXO/bI, IIPOCTOTA peannu3aryii.
- OrpaHndeHus:: MacCIITAOMPOBaHME OTPAHNIEHO YMCIIOM Sifiep Ha OJJHOI MallVHe.
Dask Cluster:

- MCHOHB?)YCT pacnpe;qeneHHbH?I IVTAHVPOBIIUK Dask p19)5°¢ 06pa6OTKI/I 3a/ja4 Ha JIOKaJIbHOM

VI YOAJIEHHOM KJIacTepe.

- Ba)IaHCI/IpOBKa Harpy3km: IUIQRHUPOBINMK AVHaAMWYECKN  PpacIIpefendaeT 3aladu,

nepepacipepenssa UxX Npyu cOOsAX VI eperpyske.

- HpeI/IMYH.[eCTBaI MaCIlITa6I/IpyeMOCTI) 3a IIpefenbl OOHOro Y3ia, BCTpO€HHbII7[ BeO-

uHTepdeiic 1 MoHUTOpUHra (opt 8787).

- OrpanndeHusA: BbICOKME HAK/Ia[JHbIE PACXO/IbI HAa HACTPOJKY K/IacTepa /i MaJIbIX 3afiay.



https://journal.umft.uz/

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

from dask.distributed import Client, LocalCluster, as_completed as dask_as_completed

def run_distributed(tasks, workers):

cluster = LocalCluster(n_workers=workers, threads_per_worker=1)

client = Client(cluster)
r: {workers} B

orint(f" C
futures = clien ap(crawl_page, tasks)

all_books =[]
for fut in dask_as_completed(futures):
res = fut.result()
all_books.extend (res[
duration = time.perf_counter() - start
n_workers = |en(client.ncores())

client.close()
eturn all_books, duration, n_workers

Pucynok 2. Kop Dask Cluster.

QopMupoBaHue 3aa4 M CUHXPOHU3ALM A

3aaun GOpMUPYIOTCS KaK CIIVICOK KOPTeXell, I7ie KaXXIbII KOPTEX COREP>KUT Ha3BaHIe CailTa,

mra6mon URL m HOMep cTpanuipl. [Ipumep:

SITES =]
NEEE
]
tasks =
(site['name'], site['url_tem

for site in SITES

for p in range(1, site['m

Pucynoxk 3. Kox popmupoBaHue 3aad 1 CMHXPOHU3AIIVIL

banancnposka Harpyskm: ProcessPoolExecutor n Dask aBToMaTnyeckn pacmpenensior

sajaun. B SMP ObicTpble Iporecchl HeMe[IeHHO OepyT HOBBle 3ajauy, B Dask rraHmpoBIIMK

nepepacripefiesnisieT TsDKenble 3a/jaunl.

Cmnxponnsam/m: 33.]121‘-1]/[ HE3aBUICUMDbI, IIO3TOMY CHUHXpPOHM3alVA MMHIJMAJIbHA.

Pesynbrarsl cobuparorcs yepes as_completed (SMP) mnn dask_as_completed (Dask).

IIpousBoaUTENBHOCTD M METPUKH
[Tpon3sBOAUTEIBPHOCTD OLIEHMBANIACh HA 3ajjade CKaHMPOBaHMUA 15 cTpaHul caiita topar.uz c 4

BOpKepaMi. MeTpuKyM BKITIOYAIOT BpeMs BBIIOJHEHMUs, yckopeHue (speedup) m adpdexTnBHOCTD

(efficiency).
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Ta6muma 2. CpaBHeHVe IPOU3BOANUTEIBHOCTY PEXXVIMOB.

Bpems Yckopenne 9¢ddexTnBHOCTL
Pexxum .
BBIIIOTHEH A (C) (Speedup) (Efficiency)
ITocnemoBaTenbHBIN 12.50 1.00 -
[TapannenbHbI 4.20 2.98 0.74
Pacnipenenennbiit 4.80 2.60 0.65

SMP noxkasbiBaer ny4iee yckopenue (2.98) 6maromapst HUSKMM HaKIagHBIM pacxogaM. Dask
MeHee 95(Q(QeKTMBeH Id MajabIX 3afad M3-3a BPeMeH)M Ha HACTpPOIKy KjIacTepa, HO €ro

MacCIITabVMpPyeMOCTb Jie/aeT ero IPeAIIOYTUTE/TbHBIM /I O0JIbIINX 00BEMOB JJAaHHBIX.
YcranoBka 1 HacTpoOiiKa
Kpaynep tpebyer Python 3.7+ 1 6ubmmorek, ykasaHHBIX B requirements.txt:
beautifulsoup4==4.12.3
requests==2.32.3
dask[distributed]==2025.3.0
Ycranoska:
pip install --upgrade pip
pip install -r requirements.txt
3amyck:
- [TocnepoBarenpHblit: python webcrawler.py
- IlapamnenbHsiit/ pactipenenenHslit: python webcrawler.py --workers 4
I N301AINY OKPYKeHNs peKOMeHyeTCs MCIO0Nb30BaTh virtualenv:
python -m venv venv
source venv/bin/activate
pip install -r requirements.txt
AHanus pe3yIbTaToB
Pesynbratsl coxpanstorcs B JSON-daitnbr:
- books_serial.json: [lanHbIe, cOOpaHHBIE B IOCTE[OBATEIBHOM PEXIMe.
-  books_parallel.json: [JanHble n3 napamtensHoro pexxuma (SMP).
- books_distributed.json: [lannbie u3 pacnipenenenHoro pexxuma (Dask).

IIpuMep CTPYKTYpbI JAHHBIX:
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"site": "Topar.uz - knigi",
"page": 1,

“title": "HasBaume kuuru",
"price": "100 000 UZS",
"stock": "B nHanmuuun”,

" :
rating :

}

Management and Future Technologies

journalumft.uz

Ananus IIOKa3aj, 9YTO BCE€ PEKVIMbI c061/1pa10T MOECHTNYHbIE OHAaHHbIE, HO napanneanmﬁ n

pacnpe;[eneHHHi[ PEXXUMBI 3HAYUTETDHO 6bICTpe€. SMP ontumasnen 1A JTOKAJIbHbBIX 3aga4d, TOTraa

kak Dask nmogaep>xuBaer MacuTabupoBaHe Ha KjlacTepax.

OrpanndyeHnns u ymy4qiieHns

1. OrpannvyeHus:

- SMP orpanundeH 4mciIoM sAfiep Ha Malll/HeE.

- Dask nmeer BbicOKMe Hak/Ia[{HbIe PaCXOJbI J/IsI MAJIbIX 3a/]ad.

- Kpaynep He yuntbiBaeT frHaMmueckuit KOHTeHT (JavaScript).

2. Ymy4menms:

- Unrerpanus Puppeteer pia o6paborku JavaScript.

-  Vcnonb3osanue Redis mys ynpasnenns odepefbio 3aiad.

— IlpumeHeHme anropuTMoB MamMHHOrO oOydeHmsa (Hanpmumep, SVM, KNN) mia

bunbpTpanyy JaHHBIX, Kak B [2].

BriBoab1

PaspaboraHHbIT BeO-Kpay/ep I caiiTa topar.uz JeMOHCTPUPYET BBICOKYIO0 9 (eKTHBHOCTD

napaunenbHoit oopaborkn. Mogenb SMP (ProcessPoolExecutor) obecnieunBaer yckopenue 2.98 n

SCI)(l)eKTI/IBHOCTb 074, 49TO OE€/Ia€T €€ ONTUMAJIbHOM AJ1A JTIOK/IBHBIX 3ala4 C OTpaHMY€HHBIM YMICJIOM

crpaun. Dask Cluster, ¢ yckopenmem 2.60 u 3ddextuBHOCTBIO 0.65, MOAXOAUT A

MacIITabMpPyeMBIX CUCTEM, Ifie TpebyeTcss 06paboTka 60/bIINX 00bEeMOB JaHHBIX Ha K/IacTepax.
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B xoHTeKcTe 06pa3oBaTeNbHBIX 1 MCCIEOBATENbCKUX IPOEKTOB Y30eKucTaHa Kpay/iep MOXXeT
VICTIONIb30BATbCA JUIsi cOOpa [JaHHBIX IS aHAIUTUYECKUX IUIATPOpM, IOANEP>KMBas Lie/n
nudposusauny, usnoxeHHsle B [1]. Jnsa Heb6omplimMx HpOeKTOB pekoMeHayercsi SMP, mis
KpynHoMacTabHbIX — Dask. Byzymine ynydineHus BKIIOYAIOT MHTETPALMIO MAIIVHHOTO O0YYeHMs

IOJIA IIOBBIIIEHMA TOYHOCTU U O6pa6OTKY OVMHAMNYECKOTO KOHTEHTA.
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EVOLUTION OF CLOUD
COMPUTING

bstract: Cloud computing has fundamentally
reshaped the landscape of information technology,
moving from a niche concept to a ubiquitous
infrastructure that underpins modern digital life. This paper
traces the evolution of cloud computing, from its theoretical
origins and early precursors like time-sharing and grid
computing, through its commercial emergence in the early
2000s, to its current state as a dominant force in IT. It explores
the development of key service and deployment models,
highlights significant milestones, and discusses the profound
impact of cloud computing on businesses, individuals, and
the global economy. Furthermore, the paper addresses the
ongoing challenges and future trends that continue to shape
this dynamic technological paradigm.
Keywords: Cloud technology, IaaS, PaaS, Saa$, internet,
data, Google Cloud, Azure, Dropbox, information technology,
platform, model, internet service, technology.
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Introduction

The term "cloud computing" has become synonymous with modern IT infrastructure,
representing a paradigm shift in how computing resources are delivered and consumed. It enables
ubiquitous, convenient, on-demand network access to a shared pool of configurable computing
resources (e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned
and released with minimal management effort or service provider interaction (NIST, 2011). This
model has revolutionised everything from enterprise operations and software development to

personal data storage and entertainment.

However, cloud computing did not emerge overnight. It culminated decades of research and
development in various computing disciplines, including distributed computing, virtualisation, and
web services. This paper aims to provide a comprehensive overview of cloud computing's
evolutionary journey, from its conceptual roots to its current multifaceted landscape, highlighting the

key technological advancements and market forces that have shaped its trajectory.

Cloud computing refers to the delivery of computing services—including servers, storage,
databases, networking, software, and analytics—over the internet (the cloud). This model allows users
to access and utilize technology resources without the need for physical infrastructure, enabling a

more agile and cost-effective approach to IT management.

The phrase “Cloud Computing” was first introduced in the 1950s to describe internet-related
services, and it evolved from distributed computing to the modern technology known as cloud
computing. Cloud services include those provided by Amazon, Google, and Microsoft. Cloud
computing allows users to access a wide range of services stored in the cloud or on the Internet. Cloud
computing services include computer resources, data storage, apps, servers, development tools, and

networking protocols.

As early as 1961, the idea of computers as a utility, comparable to water or electricity, was put
out. Computer scientist John McCarthy proposed that computing resources may be bought and sold
on demand while delivering a speech at MIT. But at that time, technology was not developed enough
to support this goal. It was a brilliant idea, but like all brilliant ideas, it was ahead of its time; as for the
next few decades, despite interest in the model, the technology simply was not ready for it. But of

course, time has passed, and technology caught that idea.
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Figure 1. The evolution of cloud computing (Source: https://www.geeksforgeeks.org)

Distributed systems. Distributed system is a composition of multiple independent systems but
all of them are depicted as a single entity to the users. The purpose of distributed systems is to share
resources and also use them effectively and efficiently. Distributed systems possess characteristics
such as scalability, concurrency, continuous availability, heterogeneity, and independence in failures.
But the main problem with this system was that all the systems were required to be present at the
same geographical location. Thus to solve this problem, distributed computing led to three more types

of computing and they Mainframe computing, cluster computing, and grid computing.

Amazon
Cloud Computing Launches Elastic
ARPANET is defined by Prof. Compute cloud (EC2)
by J.C.R Licklider Ramnath Chellappa Simple storage
Service (S3)
CQSO) <969> <1970> (997) <1999> <2006> <2020>
John McCarthy Virtualistation software $266 billion estimated
introduces mainframe launched salesforce global public cloud

timesharing service market

Figure 2. The timeline evolution of cloud computing (Source: https://www.javatpoint.com)

Mainframes which first came into existence in 1951 are highly powerful and reliable computing
machines. These are responsible for handling large data such as massive input-output operations.
Even today these are used for bulk processing tasks such as online transactions etc. These systems

have almost no downtime with high fault tolerance. After distributed computing, these increased the
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processing capabilities of the system. But these were very expensive. To reduce this cost, cluster

computing came as an alternative to mainframe technology.

In 1980s, cluster computing came as an alternative to mainframe computing. Each machine in
the cluster was connected to each other by a network with high bandwidth. These were way cheaper
than those mainframe systems. These were equally capable of high computations. Also, new nodes
could easily be added to the cluster if it was required. Thus, the problem of the cost was solved to
some extent but the problem related to geographical restrictions still pertained. To solve this, the

concept of grid computing was introduced.

Grid computing emerged as a more advanced form of distributed computing, aiming to
aggregate disparate computing resources (CPUs, storage, applications) from various locations to form
a virtual supercomputer. Projects like SETI@home and the European Grid Infrastructure (EGI)
demonstrated the power of harnessing geographically dispersed resources for large-scale scientific
computations. Grid computing introduced concepts like resource virtualisation, dynamic
provisioning, and service-level agreements (SLAs), which are central to modern cloud computing.
However, grid computing was often complex to set up and manage, typically focusing on specific
scientific or academic projects rather than broad commercial utility. In 1990s, the concept of grid
computing was introduced. It means that different systems were placed at entirely different
geographical locations and these all were connected via the internet. These systems belonged to
different organizations and thus the grid consisted of heterogeneous nodes. Although it solved some
problems but new problems emerged as the distance between the nodes increased. The main problem
which was encountered was the low availability of high bandwidth connectivity and with it other
network associated issues. Thus. cloud computing is often referred to as “Successor of grid

computing”.

Virtualization was introduced nearly 40 years back. It refers to the process of creating a virtual
layer over the hardware which allows the user to run multiple instances simultaneously on the
hardware. It is a key technology used in cloud computing. It is the base on which major cloud
computing services such as Amazon EC2, VMware vCloud, etc work on. Hardware virtualization is

still one of the most common types of virtualization.

Web 2.0 is the interface through which the cloud computing services interact with the clients.
It is because of Web 2.0 that we have interactive and dynamic web pages. It also increases flexibility
among web pages. Popular examples of web 2.0 include Google Maps, Facebook, Twitter, etc.
Needless to say, social media is possible because of this technology only. It gained major popularity
in 2004.

A service orientation acts as a reference model for cloud computing. It supports low-cost,
flexible, and evolvable applications. Two important concepts were introduced in this computing

model. These were Quality of Service (QoS) which also includes the SLA (Service Level Agreement)
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and Software as a Service (SaaS).

Utility Computing is a computing model that defines service provisioning techniques for
services such as computer services along with other major services such as storage, infrastructure, etc

which are provisioned on a pay-per-use basis.

Cloud Computing means storing and accessing the data and programs on remote servers that
are hosted on the internet instead of the computer’s hard drive or local server. Cloud computing is
also referred to as Internet-based computing, it is a technology where the resource is provided as a
service through the Internet to the user. The data that is stored can be files, images, documents, or

any other storable document.

Launched in 2002, Amazon Web Services (AWS) first provided computing and storage services.
However, Elastic Compute Cloud (EC2)’s launch in 2006 was what truly revolutionized cloud
computing. With the help of EC2, users were able to hire virtual servers as needed, which was a
scalable and economical solution. The success of AWS illustrated cloud computing’s promise and

inspired the quick growth of cloud services.

The real turning point came with Amazon Web Services (AWS). Initially, Amazon built a
robust, scalable infrastructure to support its e-commerce operations. Recognising the value of this
infrastructure, Amazon began offering its computing resources as a service to external developers and
businesses. In 2006, AWS officially launched its Elastic Compute Cloud (EC2) and Simple Storage
Service (S3), providing Infrastructure as a Service (IaaS). This allowed businesses to rent virtual
servers, storage, and networking on an as-needed, pay-as-you-go basis, democratizing access to
enterprise-grade IT infrastructure. This was a game-changer, as it significantly lowered the barrier to
entry for startups and allowed established businesses to scale rapidly without massive upfront

investments.

Other significant firms entered the cloud computing business after Amazon. Businesses can
now take advantage of productivity tools and collaboration platforms on the cloud thanks to Google

Apps, which started offering cloud-based enterprise apps in 2009.

Microsoft introduced Windows Azure, a feature-rich cloud computing platform, in the same
year. Businesses like Oracle and HP adopted cloud computing as well, providing a variety of services
to meet various corporate demands. The presence of these major players in the industry as a whole

has sped up the adoption of cloud computing in numerous industries.

Google, with its vast internal infrastructure built for search and other services, also entered the
cloud market. While AWS focused on IaaS, Google initially emphasised Platform as a Service (PaaS)
with the launch of Google App Engine in 2008. PaaS provides a platform allowing customers to
develop, run, and manage applications without the complexity of building and maintaining the

infrastructure typically associated with developing and launching an app. Google later expanded its
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offerings to include Iaa$ and a full suite of cloud services.

Cloud computing’s mainstream adoption is shown by the fact that businesses of all sizes are
now reaping their advantages. Scalability, flexibility, cost-effectiveness, and improved collaboration
are all benefits of the cloud. Businesses may easily link services, store and analyze enormous amounts
of data, scale resources up or down as necessary, and launch applications quickly. Organizational
operations have been altered by cloud computing, which has made it possible to innovate, be more

agile, and cut costs.

Emerging technologies and shifting business requirements are driving the continued evolution
of cloud computing. Edge computing is becoming more popular because it enables real-time data
analysis and lower latency by processing data closer to the source. Serverless computing, which
focuses on writing code rather than managing infrastructure, is also gaining popularity because it
offers improved scalability and financial efficiency. The portability and simplicity of deployment
across various cloud environments are provided by containerization technologies like Docker and

Kubernetes.

The future of cloud computing is also being shaped by developments in machine learning (ML)
and artificial intelligence (AI). Organizations can use complex algorithms and models for data
analysis, automation, and prediction using cloud-based Al and ML services. By enabling firms to gain
useful insights, enhance decision-making, and automate procedures, these technologies foster

creativity and productivity.

Security, data privacy, and regulatory compliance issues are becoming more prominent as the
cloud computing environment develops. To overcome these obstacles and offer a secure and reliable
cloud environment, service providers are making significant investments in strong security measures,

encryption methods, and compliance frameworks.

The development of cloud computing as a paradigm-shifting idea can be traced back to a

remarkable excursion from the client/server model to distributed computing.

The development of pioneers like Salesforce.com and Amazon Web Services has given cloud
computing momentum and enabled it to become a crucial component of contemporary IT

infrastructure.

The widespread use of cloud computing has completely changed how companies run since it
provides previously unheard-of levels of scalability, flexibility, and cost-effectiveness. Future trends,
including edge computing, serverless computing, and AI/ML integration, are anticipated to influence
the cloud environment as technology develops, fostering innovation and upending several sectors

throughout the world.
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Figure 3. Transformative effects of cloud computing across industries (Source: Author’s work)

The evolution of cloud computing solidified into distinct service models, each offering different

levels of abstraction and control:

Infrastructure as a Service (IaaS): Provides fundamental computing resources over the internet,
including virtual machines, storage, networks, and operating systems. Users have the most control

over their infrastructure. (e.g., AWS EC2, Google Compute Engine, Azure Virtual Machines).

Platform as a Service (PaaS): Offers a platform for developers to build, run, and manage
applications without managing the underlying infrastructure (hardware and operating systems). (e.g.,
Google App Engine, AWS Elastic Beanstalk, Heroku).

Software as a Service (SaaS): Delivers ready-to-use applications over the internet, typically on a
subscription basis. Users simply access the software through a web browser or mobile app. (e.g.,

Salesforce, Gmail, Microsoft 365, Dropbox).

Beyond service models, cloud computing has also developed various deployment models to

cater to different organizational needs and security requirements:

Public Cloud: Services are offered over the public internet and shared among multiple

customers (tenants). It offers high scalability and cost-effectiveness. (e.g., AWS, Azure, Google
Cloud).

Private Cloud: Cloud infrastructure is operated exclusively for a single organization. It can be

managed internally or by a third party. Offers greater control and security.

Hybrid Cloud: A combination of two or more distinct cloud infrastructures (private, public, or
community) that remain unique entities but are bound together by standardized or proprietary

technology that enables data and application portability.

Community Cloud: Cloud infrastructure is shared by several organizations from a specific
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community with shared concerns (e.g., security requirements, compliance considerations).

Conclusion

The evolution of cloud computing is a testament to continuous innovation in the IT sector.
From the conceptual seeds of time-sharing to the sophisticated, global infrastructure of today, cloud
computing has transformed from a futuristic vision into an indispensable reality. It has democratized
access to powerful computing resources, fueled digital transformation across industries, and enabled

the proliferation of new technologies like Al and IoT.

While challenges related to security, cost management, and vendor lock-in persist, the ongoing
advancements in areas like edge computing, serverless architectures, and specialized cloud services
promise to further expand the capabilities and reach of the cloud. The journey of cloud computing is
far from over; it remains a dynamic and evolving paradigm that will continue to shape the future of

technology and human interaction for decades to come.
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TIL KORPUSINI
TEGLASH JARAYONIDA
ANNOTATORLARNING
ROLI, TAA
O‘LCHOVLARI VA
TEGLASH SIFATINI
TAMINLASH
METODLARI

3 nnotatsiya: Tabiiy tilni qayta ishlash (NLP) sohasida

ishonchli teglangan malumotlar mashinali oqitish

(ML) va modellarni baholash uchun muhim
ahamiyatga ega. Ushbu maqolada teglash jarayonining
bosqichlari keltiriladi va annotatorlararo kelishuv (IAA)
mezonlari asosida teglash izchilligi baholanadi. Matnli korpus
tayyorlash, uni teglash ko'rsatmalarini ishlab chiqish, hamda
bir nechta annotatorlar tomonidan mustaqil ravishda matnni
teglash bosqichlari bayon etiladi. Annotatorlar mustaqil tarzda
soz turkumlarini teglash (POS) va nomlangan obyektlarni
aniqlash (NER) kabi NLP vazifalari bo‘yicha matnni teg
bilan belgilaydi. Annotatorlararo kelishuv darajasi Kohen
Kappasi (ikki annotator ortasidagi kelishuv), Fleiss Kappasi
(bir nechta annotatorli holatda) va Krippendorft Alphasi
(umumiy kelishuv olchovi) kabi statistik korsatkichlar
yordamida baholanadi. Olingan natijalar oTtacha 0,75
atrofidagi Kappa qiymatini va yuqori kelishuv darajasini
korsatadi. Bu esa teglash natijasining yuqori ekanligini
tasdiglaydi. Shuningdek, annotatorlar ortasidagi tafovutlar
teglash boyicha korsatmalarni yanada takomillashtirish
zarurligini ko'rsatadi. Teglash korsatmalari ganchalik aniq
ishlab chigilgan bo'llsa, kelishuv darajasi shunchalik yuqori
boladi. Teglash jarayonida IAA kelishuv koTsatkichlarini
qollash ma’lumotlar sifatini oshirishga xizmat qiladi.

Kalit so‘zlar: Teglash jarayoni, annotatorlararo kelishuv,
Inter-Annotator Agreement (IAA), Kohen Kappasi, Fleiss
Kappasi, Krippendorft Alpha, tabiiy tilni qayta ishlash (NLP),
olchov metrikalari.
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Kirish
Tabiiy tilda ishlov berish (NLP) sohasida ma’lumotlarni qo‘lda teglash (annotatsiya) jarayoni
muhim o‘rin tutadi. Teglash — bu matn, tasvir yoki boshqa ma’lumotlarga mutaxassislar tomonidan
teglar yoki kategorial belgi qo‘yish jarayoni bo‘lib, mashinali o‘gitish (ML) modellari uchun
ma’lumotlar to‘plamini tayyorlashga xizmat giladi. Teglash sifatli amalga oshirilsa, modelni o‘qitish
va baholash jarayonlari aniqroq bo‘ladi. Aksincha, noto‘g’ri teglangan ma’lumot - NLP tizimi
natijalarining yomonlashuviga olib keladi[1]. Shuning uchun annotatorlar, ya'ni teglashni amalga

oshiruvchi mutaxassislar hal qiluvchi ahamiyatga ega.

Annotatorlar jamoasi odatda soha bo‘yicha mutaxassislar (Subject Matter Experts)dan iborat
bo’lib, ular maxsus yo‘rignomalar (guidelines) asosida teglashni amalga oshiradi[2]. Teglash
jarayonida har bir annotator mustaqil ishlashi, ammo umumiy qoidalarga amal qilishi lozim.
Annotatorlar o‘rtasida bir xil ma’lumotga bir xil teg berish annotatsiya sifatining muhim ko ‘rsatkichi
hisoblanadi. Annotatorlarning qarorlari ozaro qanchalik mos kelishini Inter-Annotator Agreement
(IAA), ya'ni annotatorlararo kelishuv ko ‘rsatkichi orqali o‘lchash qabul gilingan[3]. IAA aslida bir xil
ma’lumotlar ustida bir necha annotator mustaqil ishlaganda, ularning natijalari necha foiz hollarda
o‘zaro mos tushishini ifodalaydi[4]. Ma’lumotlarni teglash natijasi past bo‘lsa, bu annotatsiya
jarayonida muammo borligini va ma’lumotlar sifati pastligini anglatadi. IAA darajasi yuqori bolsa,

aksincha, teglash ishonchliroq va “oltin standart”ga yaqin bo‘ladi[5].

Ushbu maqolada teglash jarayoni va annotatorlar roli (mutaxassislarni tanlash, ularni
tayyorlash va ishini monitoring qilish) tahlil qilinadi. Shuningdek, Inter-Annotator Agreement (IAA)
jarayonidagi o‘lchov metrikalari - bevosita kelishuv (Observed Agreement), Kohen Kappasi[6], Fleiss
Kappasi va Krippendorff Alpha[7] formulalar bilan ko‘rsatiladi. So‘ngra teglash sifatini ta’minlash
metodlari — konsensusga erishish, annotatorlarni o‘qitish, bir nechta annotator ishtirokida sinovlar
va tafovutlarni hal etish jarayoni haqida so‘z yuritiladi. Natijada, teglash sifati va IAA ko‘rsatkichlari
o‘rtasidagi bogliglik tahlil qilinadi. Teglash sifati past bo‘lganda, mashinali o‘qitish modeli

natijalariga ta’siri tajribalar va ilmiy manbalar asosida muhokama gilinadi.

Metodologiya

Annotatorlarni tanlash, tayyorlash va monitoring qilish

Teglash jarayonini samarali tashkil gilish maqsadida annotatorlarni to‘g’ri tanlash va ularni
teglash vazifasiga tayyorlash zarur. Amaliyotda, avvalo, teglash talab gilinayotgan soha bo‘yicha
yetarli bilim va ko‘nikmaga ega mutaxassislar jalb etiladi[1]. Masalan, matnlardagi POS teglash NLP
vazifasi uchun tilshunoslar, tibbiy ma’lumotlarni teglash uchun tibbiyot mutaxassislari tanlanadi.

Agar vazifa murakkab bo‘lsa, annotatorlar maxsus o‘quv-treningda o‘qitilishi tavsiya etiladi.
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Teglash yo‘rignomasi — har bir annotator amal qilishi lozim bo‘lgan qoidalar to‘plami bo‘lib,
oldindan ishlab chiqiladi va mutaxassislarga tushuntiriladi. Aniq va batafsil ko‘rsatmalar
annotatorlarning vazifani bir xil tushunib, izchil teglashiga yordam beradi. Teglash jarayonida
annotatorlar ishini monitoring qilish nihoyatda muhim bosqich hisobalanib, quyidagi ikki xil

yondashuv asosida amalga oshiriladi:

1) Individual taqsimlash. Har bir annotator ma’lumotlar to‘plamining alohida (o‘zaro ustma-
ust tushmagan) qismini teglaydi. Bunda, annotatorlar natijalari to‘g‘ridan-to‘g’ri solishtirib
bolmaydi, shuning uchun sifat nazorati uchun har bir annotator teglagan ma’lumotlarning bir
qismini alohida ekspert tomonidan ko‘rib chiqish talab etiladi. Masalan, har bir annotator ishlagan
hujjatlarning ma’lum foizi boshqasi tomonidan tekshirilishi mumkin. Bu orqali yopiq ko‘rinishdagi
xatolar aniqglanadi.

2) Ustma-ust tushuvchi tagsimlash. Bu yondashuvda har bir ma’lumot bir necha (kamida ikki)
annotator tomonidan mustaqil teglanadi. Bunda, biror matn bo‘yicha annotatorlar orasidagi
tafovutlarni aniqlash mumkin bo‘ladi va to‘plam bo‘yicha o‘rtacha IA Ani hisoblash imkoniyati paydo
bo‘ladi. Annotatorlar kelishuv darajasi past bo‘lsa, loyiha rahbarlari yo‘rignomani qayta ko‘rib
chigishi yoki annotatorlarni qayta o‘qitishi zarur. Amalga oshirilgan tajribalar shuni ko‘rsatadiki,
katta hajmdagi korpusni teglashni boshlashdan oldin kichikroq sinov bosqichida IAA yuqori giymatga
erishilishiga ta’'minlash kerak. Bir necha iterativ teglash va muhokamalar orqali jamoa yo‘rignomani
takomillashtirishi va annotatorlar bir xil tushunishini ta’minlashi lozim. Shundan so‘ng, asosiy

korpusni teglash tavsiya etiladi.

Annotatorlar faoliyatini nazorat qilish davomida doimiy fikr-mulohaza (feedback) va treninglar
o ‘tkazish kerak. Tadqiqotlar shuni ko‘rsatadiki, muntazam tazrda annotatorlarni o'qitish va alogalar
teglash sifatini sezilarli darajada oshiradi. Annotatorlar ishidagi nomuvofiqliklar va giyinchiliklar
muhokama qilinib borilsa, ular keyingi vazifalarda xatolarini tuzatadi va izchillik ortadi.
Annotatorlarning kelishuv ko‘rsatkichlari (masalan, kappa)ni davriy ravishda hisoblab borish orqali
qaysi annotator ko ‘proq xato teglayotganligi, qaysi kategoriyalar noaniqlik keltirayotgani aniglanadi.
Shu tariqa, teglash jarayonini real vaqt rejimida monitoring qilib, sifati pasayib ketishining oldi

olinadi.
Inter-Annotator Agreement (IAA) va uning o‘lchovlari

Annotatorlararo kelishuv — bir ma’lumot ustida ishlagan ikki yoki undan ortiq annotatorlar
tomonidan teglangan ma’lumotlarning ozaro mos kelish darajasi. IAA giymati qanchalik yuqori
bo‘lsa, ma’lumotlarni teglash sifati shunchalik yaxshi hisoblanadi. IAAni turli usullar bilan miqdoriy
ifodalash mumkin. Eng sodda usul - bevosita kelishuv foizini topish, ya'ni annotatorlar necha
hollarda bir xil teg qo‘yganini aniqlash. Biroq, kelishuv foizi ba’zan xato bo‘lishi mumkin, chunki
annotatorlarning tasodifan bir xil javob tanlashi ehtimoli ham mavjud. Shu sabab, tadqiqotlarda

“chance-corrected” (tasodifiy moslikka tuzatilgan) ko‘rsatkichlar qo‘llaniladi[8]. Quyida IAAni
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o‘lchashda eng ko‘p qo‘llaniladigan metrikalar keltirilgan:

1. Bevosita kelishuv (Observed Agreement, P,) - Bu ko‘rsatkich annotatorlar nechta obyekt
bo‘yicha to‘liq bir xil teg qo‘yganini foizi sifatida aniqlanadi. Masalan, ikki annotator 100 ta holatdan
85 tasida bir xil teg qo‘ygan bo‘lsa, P,=0.85 (ya’ni 85%).

__annotatorlar bir xil qaror chiqargan holatlar soni

o

umumiy holatlar soni

P, ko‘rsatkich tasodifiy moslikni hisobga olmaydi va shuning uchun yuqori qiymatlar doimo
yuqori sifatni anglatmasligi mumkin. Masalan, kam kategoriyali yoki notekis tagsimlangan

ma’lumotlarda tasodifan kelishuv yuqori chiqishi mumbkin.

2. Kohen kappasi (Cohen’s Kappa, k) - ikki annotator uchun kelishuv ko‘rsatkichi bo‘lib[9],
Kohen Kappa statistikasi ikki annotator bergan teglarning mosligi tasodifiy mos kelish ehtimolidan
aniq farq gqiladimi degan savolga javob beradi. Kappa gqiymati quyidagi formula orqali

hisoblanadi[10]:
_ Po - Pe
S 1-P,

K

bu yerda P, - yuqoridagi kuzatilgan (bevosita) kelishuv, P, esa tasodifan kelishib qolish
ehtimoli. P, qiymatni hisoblash uchun har bir annotatorning teg tagsimotlari olinib, ixtiyoriy holatda
bir xil teg berilish ehtimoli topiladi. Kappaning qiymati [-1..1] oraligiida bo‘lib, k = 1 to‘liq
kelishuvni, k¥ = 0 tasodifiy darajadagi moslikni, k¥ < 0 esa tasodifdan yomon va sistematik
nomuvofiqlik borligini bildiradi. Amaliyotda kappa 0.80 dan yuqori bo‘lsa, “deyarli mukammal”
kelishuv, [0.60..0.80] oralig'ida bo‘lsa, “yuqori” yoki “yetarli” kelishuv, [0.40..0.60] oralig‘ida
“o‘rtacha” kelishuv, bundan past giymat esa jiddiy muammo borligini ko‘rsatadi (Landis va Koch
mezonlari)[11]. Kohen Kappa qiymati faqat ikki annotator va nominal klassifikatsiya uchun

mo‘ljallangan.

3. Fleiss Kappasi. Ushbu metrika Cohen kappasining N ta annotator ishtirokidagi umumiy
holga tatbiq qilingan shaklidir[12]. Fleiss kappa tasodifiy moslikka tuzatilgan kelishuvni baholaydi va
kategorik ma’lumotlar uchun qo‘llanadi. Bunda, har bir obyekt bo‘yicha annotatorlar orasidagi
kelishuv darajasi avval topiladi, so‘ngra butun korpus bo‘yicha bu giymatlar o‘rtacha olinadi. Buni P
deb belgilaymiz. Xuddi shu tarzda, har bir kategoriya bo‘yicha annotatorlarning umumiy tanlash
ehtimoli kvadratlari yig‘indisi hisoblanadi. Bu tasodifiy kelishuv kutilmasi P, bo‘ladi[13]. Fleiss
kappasi formulasi ham Kohen kappa kabi:

P-P,
"1-P,

Kg

Ushbu metrikani bo"yicha baholash Kohen kappaga o‘xshash tarzda amalga oshiriladi. Fleiss
kappa metrikasida har bir obyekt bir xil sondagi annotatorlar tomonidan baholashga mo‘ljallangan.

Masalan, har bir hujjatni 3 tadan annotator ko‘rgan bo‘lsa, foydalanish mumbkin.
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4. Krippendorff Alpha (a) - universal kelishuv ko‘rsatkichi hisoblanadi. IA Ani o‘lchash uchun
eng moslashuvchan va mukammal ko‘rsatkichlardan biri bo‘lib, u istalgan sonli annotatorlar, turli
tipdagi ma’lumotlar (nominal, ordinal, interval, nisbiy) va hatto to7iq belgilarga ega bo‘lmagan
ma’lumotlar (masalan, ba’zi obyektlar faqat bitta annotator tomonidan baholangan holatlar) uchun
ham hisoblash imkonini beradi. Krippendorff alpha metrikasida juftliklar orasidagi nomuvofiglik

(disagreement)ni tahlil qilinib, uni tasodifiy nomuvofiqlik bilan solishtiriladi:

D,

a=1- D_e
bu yerda D, - kuzatilgan nomuvofiglik darajasi (annotatorlar orasidagi farqlar yig‘indisi), D,
esa tasodifiy kutilgan nomuvofiqlik. Shuningdek, & ham (kappa kabi) kuzatilgan va kutilgan
giymatlarning nisbatiga asoslanadi, lekin bu yerda to‘g‘ridan-to‘g’ri moslik emas, balki farglar ko‘rib
chiqiladi. Nominal ma’lumotlar uchun a ning hisoblash natijasi Kohen kappa va Fleiss kappa bilan
bir xil natija berishi mumkin[14], biroq & metrikasi ko‘p girrali: masalan, ordinal reytinglar uchun
farqlar kvadratik og‘irlik bilan olinib, Weighted Kappaga teng natija beradi. @ qiymatining
interpretatsiyasi ham kappa kabi: 1 - mukammal kelishuv, 0 - tasodifiy, manfiy — kelishmovchilik

kuchli. Kop hollarda teglash natijasini baholashda Krippendorff's alpha metrikasi tavsiya etiladi.

Chunki u turli hollarda qo‘llaniladi va bir necha turdagi kelishuv ko‘rsatkichlarini umumlashtiradi.

Teglash sifatini baholashga qaratilgan tadqiqotlarda boshqa IAA ko‘rsatkichlari ham mavjud.
Masalan, Scott’s Pi (Scott, 1955)[15] Kohen kappa metrikasiga o‘xshash metrika bo‘lib, ikki annotator
uchun bir xil formulaga ega (faqat P, boshqacha hisoblanadi). Shuningdek, Gwet’s AC1/AC2,
Pearson va Spearman korrelyatsiyalari kabi o‘lchovlar muayyan hollarda qofllaniladi. Birogq,
yuqorida sanab o‘tilgan to‘rtta metrikalaridan ko‘p hollarda foydalaniladi. Kelishuv ko‘rsatkichlari

vositasida teglash jarayonining ishonchliligini miqdoran baholash mumkin bo‘ladi.

Quyidagi 1-jadvalda IAA va uning asosiy o‘lchovlari bo‘yicha tahlil keltirilgan. Ushbu jadvalda

har bir metrikaning maqsadi, formulasi, qo‘llanilish holati va afzalliklari gisqacha yoritilgan.
Teglash sifatini ta’minlash usullari

Teglash sifatini yuqori darajada ta‘minlash uchun bir qator metodik yondashuvlar qo‘llaniladi.

Quyida asosiy usullar keltirilgan:

1. Aniq yo‘rignoma. Teglash jarayonini boshlash uchun aniq va to‘liq yozma
yo‘rignoma ishlab chiqiladi. Unda har bir kategoriya yoki tegning ta’rifi, misollar, chegaraviy holatlar
(edge cases) bo‘yicha ko‘rsatmalar bo‘ladi. Annotatorlar ushbu ko‘rsatmalarni to‘liq tushunganiga
ishonch hosil qilish uchun birgalikdagi trening o‘tkaziladi. Shuningdek, teglash jarayoni davomida
yangi noaniq holatlar yuzaga kelganda, yo‘rignoma dinamik tarzda yangilanib boradi.

2. Bir necha annotator va konsensus: Muhim ma’lumotlar albatta kamida ikki nafar

annotator tomonidan teglanishi va ularning natijalari solishtirilishi kerak. Agar natijalar orasida farq
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bo‘lsa, oddiy konsensus algoritmlari qo‘llaniladi: masalan, ko‘pchilikning fikri bo‘yicha final yorliq
tanlanadi yoki muhokama orqali umumiy qarorga kelinadi[16]. Konsensusli teglash individual
annotator subyektivligining ta’sirini kamaytiradi va aniqroq natijani topishga xizmat qiladi. Ba’zi
platformalar avtomatik konsensus olish vositalarini taklif qiladi. Masalan, agar 3 annotatordan 2
nafari bir xil teg qo‘ysa, shu teg qabul gilinadi, agar annotatirlar uch xil teg qo‘ysa, bu obyekt “nizo”
sifatida belgilanib, keyingi tekshiruvga uzatiladi.

3. Adjudikatsiya (nizolarni hal etish): Bir nechta annotatorlar bergan teglarida tafovut
yuzaga kelganda, adjudikator deb ataluvchi tajribali mutaxassis yakuniy hakamlikni amalga
oshiradi[17]. Adjudikatsiya — bu bir obyektga tegishli bir necha versiyadagi teglarni solishtirib,
ziddiyatlarni bartaraf etish jarayoni. Ko‘pincha adjudikator jamoaning katta tajribaga ega a’zosi
bo‘ladi yoki annotatorlar guruhi birgalikda muhokama qilib, bahsli holatlar yuzasidan kelishilgan
qarorga keladi. Masalan, matnning bir qismi bitta annotator tomonidan “neytral”, boshqasi
tomonidan “salbiy” deb teglangan bo‘lsa, adjudikator matnni qayta ko‘rib, yo‘rignoma mezonlariga
muvofiq to‘g‘ri tegni belgilaydi va shu bilan oltin standartni shakllantiradi. Adjudikatsiya jarayoni
ayniqsa teglash jarayoni boshlanishida muhim hisoblanib, jamoa birgalikda murakkab holatlarni
tahlil qilib, kelgusida qanday teglash borasida bir qarashga ega bo‘ladi.

4. Davriy nazorat va tahlil (review cycle): Teglash davomida sifatni oshirish uchun
doimiy nazorat va tahlillar o‘tkazib turiladi. Tajribali annotatorlar yangi teglangan ma’lumotlarni
tekshiradi, bir-birining ishini korib chiqadi va nomuvofiqliklarni muhokama gqiladi. Bu jarayon
xatolarni dastlabki bosqichda tuzatishga va barchaning izchil ishlashiga xizmat qiladi. Masalan, har
hafta jamoa to‘planib, murakkab teglangan misollarni (difficult cases) muhokama qilishi lozim.
Teglangan ma’lumotlarni birgalikda ko‘rib chiqish annotatorlar o‘rtasida muloqotni kuchaytiradi va

tushunmovchiliklarni bartaraf etadi.
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1-jadval. IAA va uning asosiy o‘lchovlari bo‘yicha tahlil

Ma’lumot
Metrikanomi  Asosiy maqsadi Formulasi Annotatorlar soni ¢ m. amo Afzalliklari Cheklovlari
uri
wﬁ.ém:w >::oﬁ.:o~_8, ogmmmwm Har qanday Juda oddiy. meo&mv\ _ﬁmzmrcﬁw Em.owmm
kelishuv umumiy to'g'ri A . . olmaydi. Ko‘rsatilgan
) > p =_ > 2 annotator (nominal, Umumiy tasavvur . el
(Observed kelishuv ulushini ° N . . qiymat chalg‘ituvchi bo‘lishi
. ) ordinal) beradi. ]
Agreement, P,) o‘lchaydi mumkKkin.
Tasodifiy kelishuvdan Tasodifdan
Kohen Kappasi tuzatilgan 2 annotatorli P, —F, ajratilgan real Faqat 2 annotator, teng
= Faqat 2 tat Nominal
(k) nominal  kelishuvni ' 1-— P, aqat < annotator omina kelishuvni beradi. ~ baholangan obyektlar kerak.
o‘lchaydi Aniglikni oshiradi.
Kohen Kappasi
Ko tatorli lash
O p anhotator™ cB.E: .mm gan Har bir obyekt bir xil
. . (N > 2) holatlarda P—P, ) varianti. .
Fleiss Kappasi . . ) Kp = > 2 annotator Nominal . miqdorda baholangan
nominal kelishuvni 1-P, Annotatorlar soni o
‘ . ..., . bolishikerak.
o‘lchaydi farq qilishi
mumkin.
H d tipdagi Noaniq, bo‘sh yoki
mw_ @mﬂ ay Hpdagt Nominal, ow:_@ Mm_ Yo Hisoblash murakkab,
ma’lumo va arim eglangan
Krippendorff ) D, ordinal, Y , gang dasturiy vosita kerak.
annotatorlar soniga a=1—— > 2 annotator . ma’lumotlarda ham .
Alpha (a) D, interval, ) ) Farq (disagreement)
moslashuvchan TAA ishlaydi. ) o ;
o baho tushunchasi asosida ishlaydi.
metrikasi Moslashuvchan.
Bunda,
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5. Avtomatlashtirilgan sifat nazorati: Katta hajmdagi ma’lumotlarni teglashda inson
nazorati bilan birga avtomatik sifat tekshiruvlari (quality screens) joriy etilishi mumkin. Bunda
teglangan ma’lumotlardagi mantiqiy bog'ligsizliklar yoki qoidalarga zid holatlar dastur vositasida
aniqlanadi. Masalan, agar annotator matnning biror segmentiga ikki xil teg qo‘ysa yoki noto‘g‘ri
formatda kiritsa, tizim buni alohida nazoratga oladi. Yana bir usul - oldindan ma’lum “oltin”
namunalarni teglashga qo‘shib, annotatorning ulardagi aniqligini kuzatish. Agar annotator bu
nazorat namunalarida xato gilsa, uni ogohlantirish yoki qo‘shimcha trening o‘tkazilishi kerak. Sifat
nazorati yordamida teglash jarayonidagi aniqlik va ishonchlilik saqlab qolinadi.

6. Baholash: Teglash sifati muntazam ravishda IA A metrikalari orqali baholanib boriladi.
Masalan, har bir yangi 100 ta teglangan obyekt uchun jamoa Kohen yoki Fleiss kappasini hisoblab
ko‘rishi mumkin. Agar kutilmaganda IAA pasaysa, darhol sabablarini o‘rganish lozim. Bazi hollarda,
qo‘shimcha baholash vazifalari ham joriy etilishi mumkin. Masalan, vaqti-vaqti bilan annotatorlarga
sinov testlari berilib, ularning qanchalik to‘g’ri teglayotgani aniqlanadi. Bu natijalar bo‘yicha har bir
annotator uchun sifat ko‘rsatkichi hisoblanib, eng yaxshi va eng yomon ko‘rsatkichga ega

annotatorlar aniglanadi. Natijada umumiy jarayon sifati yuqori darajada ushlab turiladi.

Yugqoridagi chora-tadbirlarning barchasi ma’lumotlar to‘plamini izchil va ishonchli teglangan
holatda shakllantirishga qaratilgan. Yuqori sifatli teglash - kelgusida quriladigan ML modellari
muvaffagiyatining poydevori hisoblanadi. Sifatli teglangan korpuslardan o‘rgatilgan modellar aniq va

ishonchli natijalar beradi, noaniq teglangan ma’lumotlar esa model samaradorligini pasaytiradi.

Natijalar
Annotatsiya sifati va IAA o‘Ichovlari o‘rtasidagi bogliqlik

Annotatorlararo kelishuv (IAA) teglash sifatining bilvosita ko‘rsatkichi bo‘lib xizmat giladi.
Umuman olganda, teglash sifati oshgan sari IAA ham oshadi va aksincha[2]. Ushbu bog'liglik, o'z
navbatida, mashinali o‘qitish modellari natijalariga ham ta’sir qiladi. Yuqori sifatli teglangan
ma’lumotlar bilan o‘qitilgan model odatda yuqori aniqlikka erishadi, past sifatli (kelishuvsiz)
teglangan ma’lumotlar bilan o‘qgitilgan model esa past natija ko‘rsatadi. Quyidagi 1-rasmda IAA

olchovlari o‘rtasidagi bogliglik tavsiflangan.
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Annotatorlararo kelishuv (Kohen kappa) va model aniqligi (accuracy) o‘rtasidagi bog'liglik
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1-rasm. IAA o‘Ichovlari o‘rtasidagi bogliqlik.

Yugqoridagi 1-rasmdan korinib turibdiki, IAA oshgan sari modelning samaradorligi ham
oshmogqda. Odatda, IAA va modelning aniqligi o‘rtasida ijobiy korrelyatsiya mavjud. Olib borilgan
tadqiqot natijalariga ko‘ra bu korrelyatsiya r=0.48 atrofida ekanligi ko‘rsatilgan. ya’'ni sezilarli
darajada musbat bog'liglik borligi statistik jihatdan tasdiqlangan[10]. Agar IAA giymati yuqori bo‘lsa,
model uchun maksimal erishish mumkin bo‘lgan aniqlik darajasi ham baland bo‘lishi zarur. Quyidagi

2-jadvalda teglash sifati pasayishi IAA metrikalarida va model natijasida qanday aks etishi keltirilgan.

2-jadval. Teglash sifati turli holatlarida IAA ko‘rsatkichlari va model aniqligi

P . . T LI

Annotatsiya sifati holati .Y Kohen  Fleiss  Krippendorff axmu'ny. .
(kelishuv) K K a model aniqligi

A’lo (deyarli mukammal) 1.00 1.00 1.00 1.00 0.99 (99%)

Yaxshi (yuqori) 0.90 0.80 0.78 0.85 0.90 (90%)

O‘rtacha 0.75 0.50 0.48 0.55 0.75 (75%)

Past (kelishmovchilik
. 0.60 0.20 0.18 0.25 0.60 (60%)
mavjud)
Juda yomon (tasodifiy)  0.50 0.00 0.00 0.00 0.50 (50%)

Teglash sifati yuqori bo‘lsa, annotatorlar deyarli barcha holatda kelishadi (P, va kappasi 1 ga
teng) va model anigligi yuqori bo‘ladi. Teglash sifati pasaysa, kelishuv foizi va kappa keskin tushadi,
model anigligi ham shunga mos ravishda yomonlashadi. 50% kelishuv — bu taxminan tasodifiy teg

berish darajasi bo‘lib, bunday ma’lumotdan o‘rgangan model ham 50% aniqlikdan oshmaydi.

Muayyan ML modellarini ishlab chigishda model aniqligi faqat IAA ga bog‘liq emas.
Modelning arxitekturasi, ma’lumot hajmi va murakkabligi kabi omillar ham muhim rol o‘ynaydi.
Ammo teglash sifati past bo‘lsa, hatto eng kuchli model ham yuqori natija bermaydi. Chunki model
“shovqinli” ma’lumotni o‘rganadi. Masalan, teglarda xatolik yoki kelishmovchilik mavjud bo‘lsa,

model noto‘g’ri qolip (shablon)larni o‘zlashtirib olishi mumkin. Bu esa model sifatiga salbiy ta’sir
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qgiladi. Shu bois, teglash sifati past bo‘lsa, modelning xatosi ham ortadi. Bu amalga oshirilgan

tajribalarda ko‘p kuzatilgan holatdir.

Biroq, ayrim hollarda model IAAdan yuqori natija ko ‘rsatishi ham mumkin[10]. Bu, odatda,
annotatorlar o‘rtasidagi ba’zi farqlar tizimli bo‘lmagan yoki tasodifiy bo‘lganda yuzaga keladi. Model
ko‘p ma’lumot ko‘rib, ikkala annotator qolipini ham gisman o‘rganadi va ba’zi hollarda har ikkisidan
yaxshiroq bashorat qilishi mumkin. Masalan, ikki annotator baholagan matnlar to‘plamida
annotatorlar 80% holatda kelishgan bo‘lsa (x = 0.6), model ba’zan 85% to‘g‘ri bashorat qila olishi
mumkin. Bu holat ayniqsa annotatorlar ozaro bir-biridan biroz farqli xatolar qilganda kuzatiladi.
Model bu xatolarni “o‘rtacha qilib”, asl mantiqni topishi mumkin. Shunday bo‘lsa-da, IAA model
aniqligi uchun yuqori chegarani belgilamaydi, lekin ishonchli indikator vazifasini bajaradi. Tajribalar
shuni ko‘rsatadiki, IAA va model aniqligi odatda bir-biriga mos ravishda o‘zgaradi. Shuning uchun

TAA kelishuvni oshirish ustida ishlash bevosita model natijalarini ham yaxshilaydi.
Teglash jarayonining real misollari

Hozirgi kunda turli tillar bo‘yicha katta hajmli teglangan korpuslar yaratilmoqda. Ingliz tilida
Brown Corpus[19], Penn Treebank kabi dastlabki ishlar mashhur bo‘lsa[20], o“zbek tilida ham so‘nggi
yillarda teglangan korpuslar yaratishga qaratilgan tadgiqotlar paydo bolmoqda[21]. Masalan, Elov
va boshq. (2024) o“zbek tilining morfologik[22] va sintaktik[23] teglangan korpusini yaratish ustida

ishlaganlar.

Quyidagi 3-jadvalda o“zbek tili korpusi matnlarini CoONLL-2012 kengaytirilgan formatidagi

teglash namunalari keltirilgan.

3-jadval. Ozbek tilidagi koreferensiya korpusidan CoNLL-2012 formatidagi namunalar
(kengaytirilgan format)

. Part Gap Toke Parse Coreferen
Hujjat ID Token POS ... . Lemma NE
Ne Ne n Ne bitimi ce
texts_001 0 1 0 Navoiy N NP Navoiy =~ PER (1
ADV
texts_001 0 1 1 15-asrda N p 15-asrda  DATE -
h
texts_001 0 1 2 yashagan VB VP zas amoe -
texts_001 0 1 3 buyuk J] ADJP  buyuk - -
NOR
texts_001 0 1 4 o‘zbek N NP o‘zbek p -
. i TITL
texts_001 0 1 5 shoiri N NP shoir E 1)
texts_001 0 1 6 . . O . - -
texts 001 0 2 7 U P NP u - 1

texts_001 0 2 8 Hirotda N PP Hirot LOC (2
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texts 001 0 2 9 tugilgan VB VP ;ug imo .
texts_001 0 2 10 . (@) - 2)
science_ 01 O 1 0 Suv NN NP suv - (3
5
science 01 0 1 1 0°C CD ADV o0°C - -
5 P
science_ 01 O 1 2 da IN PP da - -
5
science_ 01 O 1 3 muzga NN NP muz - -
5
science_01 0 1 4 aylanadi VBZ VP aylanmo - 3)
> q
science 01 0 1 5 O - -
5
science 01 0 2 6 Bu DT NP bu - (4
5
science_01 0 2 7 jarayon NN NP jarayon - 4)
5
science_01 0 2 8 juda RB  ADV juda - -
5 P
science_01 0 2 9 muhimdir JJ ADJP  muhim - -
5
science 01 0 2 10 O - -
5
news_100 0 1 0 Toshkent NNP NP Toshkent LOC (5
news_100 0 1 1 shahrida NN NP shahar LOC 5)
news_100 0 1 2 yangi ] NP yangi - (6
news_100 0 1 3 stadion NN NP stadion FAC 6)
news_100 0 1 4 qurildi VBN VP qurilmoq - -
news_100 0 1 5 . . @) . - -
news_100 0 2 6 Ushbu DT NP ushbu - (6
news_100 0 2 7 stadion NN NP stadion FAC 6)
news_100 0 2 8 50 CD NP 50 - -
news_100 0 2 9 ming CD NP ming - -
news_100 0 2 10 odam NN NP odam - -
news_100 0 2 11 sig‘imga NN NP sig'im - -
news_100 0 2 12 ega J] VP ega - -
news_100 0 2 13 O - -

Ushbu jadvalda:

—POS: So‘z turkumlari (N - ot, P - olmosh, VB - fe’l va hokazo).
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—Parse bitimi: Soddalashtirilgan sintaktik struktura ko‘rsatkichi.

—Lemma: So‘zning asosiy shakli (lemmalar).

—NE: Named Entity, nomlangan obyektlar turi (LOC - joy nomi, PER - shaxs, ORG - tashkilot
va hokazo).

—Coreference: Koreferensiya zanjirlari identifikatorlari. Ochuvchi qavs “(” yangi zanjirning
boshlanishini, yopuvchi qavs “)” esa yakunlanishini bildiradi. Yakka holda eslatma (n) shaklida

ifodalanadi.

Ushbu jadvaldagi matnlar CONLL-2012 standart formatida teglangan tarzda keltirilgan bo‘lib,

amaliyotda aynan shunday tarzda koreferensiya aniqlash modellari tomonidan foydalaniladi.

Bunda ToshDO‘TAU kompyuter lingvistikasi va ragamli texnologiyalar kafedrasi
mutaxassislari tomonidan maxsus tegger ishlab chiqilib, bir nechta annotatorlarning ishlashini
qulaylashtirish yo‘lga qo‘yilgan. Lingvist annotatorlar jamoasi (doktorant, magistrant va talabalar)
tuzilib, ular uchun batafsil yo‘rignoma ishlab chiqilgan va teglash jarayonida doimiy aloqa o‘rnatilgan.
Natijada, korpusda har bir sozning morfologik va sintaktik bogTlanishlari teglangan bo‘lib, bir necha
bor tekshiruv va tahrirlar orqali konsensusga keltirilgan (adjudikatsiya qilingan). Hozirda ushbu
korpusdan foydalanib, o‘zbek tili uchun turli NLP modellar (masalan, tuzilmaviy tahlil va lugat

boyligini o‘rganish modellari) o‘qitilmoqda.

Shuningdek, ozbek tilida nomlangan obyektlarni aniglash (NER) bo‘yicha ilmiy tadqiqotlar
olib borilmoqda[24]. Elov va boshq. (2024) tadqiqotida O‘zbek matnlari uchun shaxs, joy, tashkilot
nomlari kabi obyektlarni teglash ustida ishlangan[25]. Tadqiqotchilar 100 mingdan ortiq gapdan
iborat katta korpus tuzib, undagi leksik birliklar POS, morfologik, sintaktik va NER teglaganlar. Bu
jarayonda bir nechta annotatorlar ishtirok etib, o‘zaro kelishilgan belgilash sxemasiga amal qilishgan.
Korpus bo‘yicha annotatorlararo kelishuv yuqori (taxminan 0.85 atrofida kappa) bo‘lib, bu ma’lumot
sifatli teglanganini ko‘rsatadi. Ushbu korpus asosida o‘zbek tilida avtomatik NER modellar sinovdan
o‘tkazilganda, ularning aniqligi yuqori darajada bo‘lgan. Bu esa, yuqori sifatli teglash jarayoni
yakunlangach, modellarning samaradorligi oshishidan dalolat beradi. Aksincha, teglash sifati past
bo‘lgan holatlarda model natijasi qanday yomonlashishini ham olib borilgan ilmiy tadgiqotlar
tasdiqlaydi. Masalan, ba’zi o‘tkazilgan tajribalarda annotatorlarning kelishuvi atigi k¥ = 0.3 bo‘lgan
holda, ofqitilgan modelning aniqligi ham 55-60% dan oshmagan (yaxshisi 0.6 F1 atrofida).
Annotatorlarni gayta o‘qitib, yo‘rignoma yangilab, kelishuvni k¥ = 0.6 ga yetkazilgach, modelning F1
ko‘rsatkichi ham 80% gacha o‘sgan. Demak, teglardagi “shovgin”ni kamaytirish (aniglikni oshirish)

bevosita modelning o‘rganishini yaxshilaydi.

Bundan tashqari, turli vazifalarning tabiiy murakkabligi ham IA A ko‘rsatkichlariga ta’sir giladi.
Masalan, matnlardagi imlo xatolarni aniqlash kabi NLP vazifalarda annotatorlar deyarli bir xil
qarorga kelishadi (kelishuv yuqori); POS teglash ham qoidalarga asoslanganligi tufayli odatda x >

0.8 darajada bo‘ladi. Ammo matnning mazmunini baholash, sentiment (ijobiy/salbiy) kabi subyektiv
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komponentli vazifalarda annotatorlar qarorida tafovut ko‘proq bo‘lishi mumkin. Bunday hollarda
ham yechim yo‘rignomaning imkon qadar aniqlashtirilishi, ko‘proq misollar keltirilishi va jamoaviy

muhokamalar orqali tushunchalarning bir xilda shakllantirilishidir.

Muhokama

Yuqoridagi tahlillar va misollar shuni ko‘rsatadiki, teglash jarayonining sifati NLP
loyihalarining muvaffaqiyati uchun asos bo‘lib xizmat qiladi. Annotatorlarni to‘g’ri tanlash va
tayyorlash, aniq yo‘rignomalar, sifatni nazorat qilishning turli usullarini joriy etish orqali teglarning
ishonchliligi maksimal darajaga yetkaziladi. Annotatorlararo kelishuv (IAA) esa ushbu ishonchlilikni
o‘lchashga imkon beradigan muhim ko‘rsatkichdir. IAA qiymatlariga qarab, til korpusi qay darajada
ishonchli ekanligi baholanadi va zarur bo‘lganda, qo‘shimcha chora ko‘riladi (masalan, Kk < 0.5

bo‘lsa, ehtimol butun jarayonni qayta ko‘rib chiqish lozim).

Shuni alohida ta’kidlash joizki, IAA - bu sifat kafolati emas, balki indikator. Agar annotatorlar
hammasi bir xil noto‘g’ri yo'lni tanlasa (ya’ni, ma’lumotlar izchil lekin noto‘g'ri teglansa), IAA yuqori
bo‘lishi mumkin, lekin teglarning o‘zi noto‘g’ri bo‘ladi. Shu sabab, annotatorlar kelishib noto‘g‘ri
teglamasligi uchun adjudikatsiya va ekspert nazorati muhim sanaladi. Ya’ni, ishlab chiqilgan
yakuniy “oltin standart”ni real ma’lumotlarga iloji boricha moslashtirish kerak. IAA ko‘rsatkich faqat
annotatorlarning bir-biri bilan kelishuvini ko‘rsatadi. Shuning uchun, agar imkon bo‘lsa,
ma’lumotning bir qismi bo‘yicha haqiqiy natija mavjud bo‘lishi va annotatorlar shunga erishishga
intilishi lozim. Masalan, tibbiy diagnostika ma’lumotlarini teglashda bir guruh shifokorlar qarorini
o‘zaro solishtirishdan tashqari, ba’zan laboratoriya tahlil natijasi kabi mustaqil mezon bilan
solishtirilsa, yanada to‘g’ri baho beriladi. Kelishuvni oshirishga qaratilgan harakatlar (treninglar,
qo‘shimcha tushuntirishlar, konsensus) aslida teglash sifatini oshiradi va shu bilan modelning
yanada yaxshi o‘rganishiga zamin yaratadi. Zamonaviy katta til modellari (LLM) ham o‘rgatiladigan
ma’lumotlar sifatiga ta’siri katta bo‘lib, agar ma’lumotlarda xatolik mavjud bo‘lsa, model mantigsiz
yoki noto‘g’ri xulosa chiqaradi. Teglash jarayonini tashkil qilishda optimal strategiyani tanlash ham
muhimdir. Masalan, cheklangan resurslarda barcha ma’lumotni ikki marta teglash murakkab bo‘lsa,
tanlanma tarzda ustma-ust teglash va audit tekshiruvlarini o‘tkazish mumkin. Yoki anonim
annotatorlar jalb qilinganda, albatta bir nechta annotatorlar va ko‘pchilik ovozi tamoyilidan
foydalanish lozim. Aks holda, bir kishining xatosi butun ma’lumotni buzishi mumkin. Turli NLP

loyiha talablariga ko‘ra sifatni ta’minlash metodlaridan mos kombinatsiya tanlanadi.

Xulosa

Annotatorlar jamoasi NLP ilovasini poydevorini quruvchi ustunlari hisoblanadi. Ularning roli

nafagat ma’lumotga teg qo‘yish, balki bilvosita ravishda modelning chegara shartlarini belgilashdan
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iborat. Shu sababli, ularni to‘g’ri boshqarish, mehnatini muvofiglashtirish va natijalarini baholab
borish — NLP tizimini ishlab chiqish muvaffaqiyati garovidir. IAA esa bu jarayonda “termometr”
vazifasini o‘taydi, ya'ni bizga teglash “salomatligi” hagida signal beradi. Bugungi kunda ToshDO‘TAU
mutaxassislari tomonidan o‘zbek tilida yanada ko‘proq sifatli teglangan korpuslar yaratilishi, ularda
teglash jarayoni va kelishuv darajasi batafsil hujjatlashtirilishi bo‘yicha amaliy ishlar olib borilmoqda.
Bu esa, oz navbatida, NLP modellarining sifatini oshirib, ilmiy tadqgiqotlarda yangi marralarga

erishishga xizmat qiladi.
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Introduction

The rapid introduction of modern innovative technologies into economic sectors, social and
other spheres with the wide application of scientific and technical achievements is an im-portant

condition for the rapid development of the Republic of Uzbekistan.

The fact that all spheres of society and state life are rapid-ly developing requires the
implementation of reforms based on modern innovative ideas, developments and technologies that
ensure the rapid and high-quality development of our country on the way to the ranks of the leaders

of world civilization.

According to the decision of the President of the Republic of Uzbekistan dated October 6, 2020,
PQ-4851 "On measures to further improve the education system in the field of infor-mation
technology, develop scientific research and integrate it with the IT industry” Improving the system of
personnel train-ing in the field of information technologies is one of the im-portant conditions for
the successful implementation of the "Digital Uzbekistan - 2030" strategy, the development of digital

technologies and ensuring their widespread introduction into the everyday life of the population[1].

VR (Virtual Reality) technology includes electronic in-formation and simulation technology.
With the continuous de-velopment of science and technology, all walks of life demand more and
more energy for VR technology. VR technology has made great progress to date and is gradually
becoming a new field of science and technology, while virtual reality technology has become a new

type of educational technology that can also help the development of education.

Currently, in our country, in the educational base of the Public Safety University of the
Republic of Uzbekistan, in addi-tion, a partial preparation stage is being carried out in civilian

universities. It is used for entertainment purposes in the parks of our republic.

With the use of this VR technology, we can see that even in the advanced countries of the world,
the owners of various fields have demonstrated the significant effectiveness of training and education
of personnel through this technology in VR edu-cation and performing practical exercises that are

difficult to perform.

The rapid development of science and technology has led to education and training through

VR technology in foreign countries. For example:

- Virtual Reality technologies are widely used in the training of nurses and doctors, especially
in the military, in the American city of Los Vegas, and every year in this state there is a “consumer
electronics” show based on virtual reality, where students also participate with their own

developments.

- In South Korea, automotive engineering and driving training based on Virtual Reality

technology are also being implemented with VR technology, and we can see that this has led to
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significant efficiency.

The main part.

Technology based on Virtual Reality allows a person to perform a certain task through his
senses: seeing, hearing, touching [2]. Computer-aided synthesis of the characteristics and reactions
of virtual reactants is performed in real time to create a complex complex of real human emotions.
For exam-ple, a simulator program created on the basis of VR technology allows military personnel
to gain skills and experience in the virtual space without risking their lives through a simulator
hardware and software complex. In this simulator program, the user uses special plates (VR suits) in

order to see, hear, and feel the shock through a vibrator.

It is worth noting that in the VR simulation games created so far, several different colored LED
lights were used, and depending on the color of the LED lights, we would have in-formation about
the status of the game participant to continue the game. These led lights do not allow you to feel the
“shock" when using a simulation program based on VR technology, and the use of these devices was

limited due to the high cost of these devices.

Taking into account the above points, in this scientific ar-ticle we want to offer a device that
allows you to feel the shock received by a person (hands, feet and head) through vibration while
playing a simulation complex created in a simulation pro-gram through a simulation game

participant VR helmet, using a wifi module and vibrators.
The following devices are required to create this simula-tion complex:
- Wifi module;
- Motor driver;
- Vibrating device or module;

- Special connecting wires (one-sided and two-sided) for exchanging information between

devices;
- Computer;

There are several types of Wi-Fi modules, from which we need to select the one that matches
our specifications. To do this, we compare the technical capabilities of several types of the Esp8266
module (Table 1).
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Table 1. Comparative Analysis of Esp-05, Esp-07, Esp-12S, Esp-12E Series of Esp8266 Wifi Module.

Technical ESP-05 ESP-07 ESP-12S ESP-12E
indicator module module module module
2,4GHz -
2,4GHz-
Frequency 2.4GHz-2.5GHz 24GHz -2.5GHz | 2,5GHz
2,5 GHz (2400M-
range: (2400M-2483.5) (2400M-2483.5M) | (2400M-
2483,5M)
2483,5M)
I/0, GPIO: 11 11 11 11
802.11 802.11
WiFi 802.11 b/g/n 802.11 b/g/n
b/g/n b/g/n
protocol:
Mi trol luti 32-bit
icrocontr r ion
CTOCOMLIOL | Teso u © resolution 32-bit 32-bit, AI Thinker | microcontroller,
ler: 32-bit o
Ten silica L106
RAM Flash memory: 4 | Flash memory: 8 | Flash memory: 32 | Flash memory: 4
memory: MBit / 512 MBit MBit / 1 MByte MBit / 4 MByte MB, SRAM 64 KB
Working
3.0V-36V 3.0-36V 30-36V 30-36V
voltage:
. . l6mm x 24mm x
Dimensions: | 14,2x14,2 mm 21.2x16.2x3mm |24x16x3 mm 3
mm
. WPA/ WPA/ WPA-PSK, WPA/
Security:
WPA2 WPA2 WPA2-PSK WPA2
Encryption: WEP/TKIP/ WEP/TKIP/AES WEP/TKIP/AES WEP/TKIP/AES
AES
Net K 1Pv4, IPv4, IPv4, 1Pv4,
N © :Vorl TCP/UDP/HTTP/ | TCP/UDP/HTTP/ | TCP/UDP/HTTP/ | TCP/UDP/HTTP/
r :
Oroco FTP FTP FTP FTP
. Cloud Server,
Operating MIPWIOXKEHE
system Andriod va iOS Andriod va iOS Andriod va iOS p'
] Windows, Mac,
r
SUppo Android, i0OS
A
Analog 1, 10-bit 1, 10-bit 1, 10-bit 1, 10-bit
inputs

In this table, from a comparative analysis of the technical characteristics of the Esp8266 Wi-Fi

module Esp-05, Esp-07, Esp-12s, Esp-123e series, we can see that the Esp-12e SERIES module has
higher memory than other series modules, and the support of Windows, Mac, Android, IOS operating

systems when writing application code to this series module has opened a The presented Esp-12e
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SERIES module Note MCU 8266 ch340 Wi-Fi module is available in was the basis for our selec-tion
of this Wi-Fi module.

The ESP-12E series NoteMCU 8266 CH340 WiFi mod-ule is designed by Ai-thinker and is
based on the ESP8266 core processor, which is characterized by the presence of a WiFi radio interface.
The ESP8266 core is integrated into the Tensili-ca L106, a 32-bit ultra-low-power microcontroller.
Support for 80 and 160 MHz clock frequencies, RTOS support, built-in Wi-Fi MAC/BB/RF/PA/LNA

feature, microstrip antenna on module board justified (Fig.1.).

The module supports IEEE802.11 b/g/n standard, full set of TCP/IP protocols. Users can use
the modules as an addition-al feature to connect any device to the network or as a stand-alone

network controller [5].

=%
RsT 120 F 1[0C22 TXDO
ADC 220 21 RXDO
EN 3 020 GPIOS

50 W‘
GPiCte 4 ESP-12-E Series 19 GPios
GPIO14 520 OC18 GPIOO

GPIO12 B8O 17 GPIO2
GPIO13 720 16 GPIO15
VCC g2 0]« 7 [0C15 GND
oy e = P I P P |
g 10 11 12 13 14
O = ‘.:3 G; = O
% v v 2 Q2
050 2k
o0 py
(=)

Figure 1. NoteMCU 8266 CH340 wifi module schematic diagram.

Motor driver - it is mainly used to control motors in a single standard, to amplify the signal.
There are also several types of these motor drives, and we need to distinguish whether the technical

description is right for us.
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Table 2. Comparative analysis of the technical specifications of L293D, L293B, L293E motor drivers.

Characteristic L293D L293B L293F
Number of pins 16 16 20
Mot \

oror SUPPY | 4 5. 36V 4,5..36V 4,5..36V

voltage (Vs)

chip supply voltage

-5V -5V -5V
(Vss)
permissible load | 600mA (for each | 600mA (for each | 600mA (for each
current channel) channel) channel)

peak (maximum) | 1,2A  (for each | 1,2A (for each 1.2A (for each channel)

output current channel) channel)
logic  "0"  input

to 1,5V to 1,5V to 1,5V
voltage
logic "1"  input

2,3...7V 2,3...7V 2,3..7V
voltage
switching speed 5 kHz. 5 kHz. 5 kHz.
overheat protection | Yes Yes No
Cost (usd) 1.18$% 1.85% 2.58%

As you can see from the table above, since all 3 motor drivers have almost the same technical

characteristics, L293D driver was chosen due to its burn protection and cost.

L293D Driver - this motor driver is used to convert (am-plify) low power control signals into

sufficient current to drive motors (Fig.2.).

The L293D driver includes two simultaneous drivers (four independent channels when two
pairs are combined) to drive small power motors. The L293D has two inputs to run each of the drivers.
These inputs are used to control the speed of the motors using a pulse width modulated signal (PWM,
Fig.3.). The L293D driver is capable of operating from 0°C to 70°C. A maximum of 4 motors can be
connected to one L293D motor driver [4]. If we have six or eight motors, we can use two L293D motor

drivers.
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Enable 1,2 Vee |
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Output 1 Output 4
GND GND
GND GND
Output 2 Output 3
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Figure 2. L293D Motor Driver Overview and Pin outs
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Figure 3. Functional block diagram of L293D motor driver

After selecting the Motor drive, we will need a device that will give us vibration. It was the DC
motor that was chosen as the sensor that would give it vibration. The reason is that this motor was
used for its intended purpose due to the fact that the DC motor had a significantly higher vibration
than vibrators (Fig.4,5.).
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Figure 4. General view of DC motor

31.1
[1.2]

11.0

25  |[0.4] vg
[0.1] 221,
6.0 p
_[02] 4
2.8 43\
Plo1/ [0z
40 5.0 3.7 |
108 _102] [0.2] [0.1] .
S T = o o]
I ‘ns-x-r =
208 L 195 23.0 28.8
[Of]iﬁolr n fg [0.g] [0.9] [1.1]
5.0 37.0 Tar2
[0.2] [1.5] .1

Figure 5. DC motor overall dimensions

In the simulation program based on VR technology, four DC motors were used to sense the

impact movement by the user. Two DC motors are attached to the arms (left and right) at the wrists
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and two legs (left and right) at the hips. In the game, the DC motor connected to the part of the hand
or leg that is hit by the impact will vibrate.

_ \ \
DC motor 1 DL motor 2 D{C motor 3 DC mﬂlﬂf}
(For therighthand)  (For laft hand) (For the rightleg)  (For the lsft foot)

Figure 6. The general connection diagram of the device for sensing shock through vibramotors in a

simulation game based on VR tech-nology.

The principle of operation of the device: In a simula-tion game based on VR technology, the
general principle of operation of the device for sensing shock through vibrators is implemented in the

following sequence:

1. First of all, connect the NodeMCU 8266 CH340 wifi module to the computer via USB and
the NodeMCU 8266 CH304 wifi module to the network via the computer, and de-termine the IP
address and WiFi name assigned to this WiFi module from the network and enter it into the program

code written in the Arduino IDE environment of the computer.

2. In the next step, the NodeMCU 8266 CH340 wifi module declares 4 digital port output pins,
and these digital output pins send signals to the four DC motors by amplifying the signal current from
the L293D driver.

3. After that, the NodeMCU 8266 CH340 wifi module creates a server on the computer, and the
constant connection sends a signal to the server every minute, informing about the actions in the
game (in the form of 0 and 1). If the hit is made to the right hand in the simulation game, immediately
the signal comes to the server (the WiFi module uses the server it needs from the server of the base
station, that is, from the servers of the Internet provider) and the signal 1 comes to the DC motor
connected to the right hand through the NodeMCU 8266 CH340 wifi module, and 0 signals go to the

remaining 3 DC motors. The same is done when hitting the left arm and leg (Fig.6.).

/)
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Conclusion

In conclusion, it can be said that using VR-Virtual Reality technologies, NoteMCU 8266 CH340
WiFi module has achieved one of the breakthroughs in the field by developing a human pulse sensing
complex. Within the scope of the topic, as a result of comparing and studying the characteristics of
various devices and tools, a suitable option was selected and a shock sensing complex was developed.
Based on the work carried out in this direction in our republic and foreign experience, the state of VR
technologies involved in science, art, military and other fields was studied, the feature of direct impact
sensing was developed and a complex (device) was developed. In the future, this method laid the
foundation for the de-velopment of the field through new algorithms and programs. Because the
involvement of VR technologies in science and art and other fields is now being carried out with rapid

steps.
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YOSHLARNING
IJTIMOIY FAOLLIGINI
OSHIRISH
MEXANIZMLARI

3 nnotatsiya: Ushbu tadqiqot Ozbekiston yoshlarining

intellektual va manaviy salohiyatini rivojlantirishda

davlat va nodavlat tashkilotlarining orni va ularning
ozaro hamkorligini organadi. Magsad, yoshlarning ijtimoiy,
madaniy va ilmiy rivojlanishiga ta’sir etuvchi omillarni
aniqlash va davlat siyosatining samaradorligini tahlil
qilishdan iborat. Tadqiqotda aralash usul (mixed method)
qollanilib, sorovnomalar, intervyular va hujjat tahlili kabi
metodlar yordamida malumotlar toplandi. Malumotlar
O‘zbekistonning turli hududlarida yashovchi yoshlar va
ularni qollab-quvvatlovchi tashkilotlar faoliyatidan olingan.
Tadqiqot natijalari yoshlar siyosatining dolzarb masalalarini,
davlat va nodavlat sektorlarining intellektual va ma’naviy
salohiyatni rivojlantirishdagi orni hamda muammolarni
ochib beradi. Olingan natijalar asosida tavsiyalar keltirilgan
bolib, ular yoshlarni qollab-quvvatlovchi tashkilotlarning
samaradorligini oshirishga qaratilgan.

Kalit so‘zlar: Ozbekiston, yoshlar, intellektual salohiyat,
ma’naviy rivojlanish, davlat tashkilotlari, nodavlat tashkilotlari,
yoshlar siyosati, ijtimoiy qollab-quvvatlash, yoshlar
tashkilotlari, madaniy rivojlanish, ilmiy salohiyat, davlat va
nodavlat hamkorligi, yoshlarga yordam, ijtimoiy faoliyat,
yoshlar ta’limi, sorovnoma, intervyu, hujjat tahlili.
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Kirish
Bugungi kunda yoshlar mamlakatning taraqqiyotidagi muhim omil sifatida e’tirof etiladi.
Ularning intellektual va ma’naviy salohiyati jamiyatning ijtimoiy, iqtisodiy va siyosiy taraqqiyotini
belgilaydi. O‘zbekistonning yoshlar siyosati, shu jumladan, ularning intellektual rivojlanishi va
ma’naviyatini mustahkamlash, mamlakatning kelajakdagi barqarorligini ta’minlash uchun juda
muhimdir. Yoshlarning ma’naviy va intellektual salohiyatini rivojlantirishda davlat va nodavlat

tashkilotlarining o‘rni nihoyatda katta.

O‘zbekistonning yoshlar siyosati sohasidagi amaldagi huquqiy va ijtimoiy chora-tadbirlar,
yoshlarni ijtimoiy faollik va intellektual yuksalishga undashda samarali vositalar sifatida xizmat qiladi.
Biroq, bu yolda hali ham bir qancha muammolar mavjud. Jumladan, davlat va nodavlat
tashkilotlarining  ortasidagi  hamkorlikdagi  kamchiliklar, yoshlarni  qo‘llab-quvvatlash

mexanizmlarining samaradorligi va resurslar yetishmasligi kabi omillar mavjud.

Ushbu maqolada Ozbekiston yoshlarining intellektual va ma’naviy salohiyatini oshirishda
davlat va nodavlat tashkilotlarining o‘rni tahlil gilinadi. Tadgiqotning maqgsadi — bu tashkilotlar
o‘rtasidagi hamkorlikni mustahkamlash va yoshlarni rivojlantirishga qaratilgan strategiyalarni ishlab
chigishdir. Maqola davlat siyosatining yoshlar masalasiga yondashuvi, yoshlar bilan ishlashning
zamonaviy metodlari, shuningdek, bu jarayondagi nodavlat tashkilotlarining o‘rni va ular bilan o‘zaro

hamkorlikni o‘rganishga qaratilgan.

Yoshlar masalasi O“zbekistonning milliy taraqqiyot strategiyasining muhim jihatlaridan biri
sifatida ajralib turadi. Respublikada yoshlarning bilim va ma’naviyatini yuksaltirishga doir bir qator
yangi dasturlar va qonunlar ishlab chigilgan bo‘lsa-da, amaliyotda bu yo‘nalishda hali ham ko‘plab
muammolar mavjud. Bu maqola orqali yoshlarning rivojlanishiga qaratilgan strategiyalarni
takomillashtirish, davlat va nodavlat tashkilotlari o‘rtasidagi hamkorlikni yanada samarali qilishga

doir tavsiyalar ishlab chiqiladi.
Asosiy qism

Hozirgi kunda mamlakatimizda yoshlarimizning ma’naviy salohiyatini rivojlantirishda xizmat
gilayotgan nodavlat va davlat muassalari shuningdek, Markazlar faoliyatining miqdoriy

o‘zgarishlaridan sifat ozgarishlariga aylanib borayotganligining guvohi bo‘lishimiz mumkin.

Prezidentimiz Shavkat Mirziyoyev e’tirof etganlaridek: “Nodavlat notijorat tashkilotlarni va
fuqgarolik jamiyatining boshqa institutlarini qo‘llab-quvvatlash jamoat fondi faoliyatini joylardagi
dolzarb muammolarni hal etishga qaratish zarur. Aynigsa, mavjud muammolarni aniqlash, ularni
chuqur tahlil qilish, yechimlari bo‘yicha takliflar ishlab chiqish, ijrosi ustidan jamoatchilik nazoratini
ta’'minlashga ijtimoiy buyurtma asosida nodavlat notijorat tashkilotlari keng jalb etiladi. Bunday
hamkorlikni, eng avvalo, ta’lim, madaniyat, tibbiyot, ekologiya, qurilish, kadastr, transport,

kommunal xojaligi, bandlik, ijtimoiy xizmatlar ko‘rsatish kabi muammoli sohalarda keng joriy etish
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magqsadga muvofiq bo‘ladi”[1].

Yurtimizda yoshlarga oid davlat siyosatini amalga oshirishda ishtirok etuvchi organ va
muassasalarning faoliyati “Yoshlarga oid davlat siyosati to‘grisida®gi qonun asosida

mustahkamlangan bo‘lib, ularga quyidagilar kiradi:
“ta’limni davlat tomonidan boshqarish organlari va ta’lim muassasalari;
davlat sog‘ligni saqlash tizimini boshqarish organlari va sog‘liqni saqlash muassasalari;
jismoniy tarbiya va sport bo‘yicha organlar;
madaniyat organlari;
mehnat organlari;
prokuratura organlari;
ichki ishlar organlari;
adliya organlari;
mudofaa ishlari bo‘yicha organlar”[2].

Prezisdentimiz tashabbusi bilan Oliy Majlisning har ikkalas palatasi ya'ni Qonunchilik
Palatasi va Senat huzurida Yoshlar parlamentining tashkil topishi, yoshlarni qonun ijodkorligi
jarayonlarida ishtirok etishlari, yangi qabul qilinayotgan qonunlarda yoshlarning takliflarini inobat
olish, qonun ijodkorligi jarayoni sifatini tibdan yaxshilash yuzasidan yangi va ustuvor yo‘nalishlarni

belgilashda yosh avlodning faolligini oshirish muhim hisoblanadi.

Tadqiqotning asosiy maqgsadi Ozbekiston yoshlarining intellektual va ma’naviy salohiyatini
rivojlantirishda davlat va nodavlat tashkilotlarining o‘rni va ularning o‘zaro hamkorligini
o‘rganishdan iborat. Ushbu bo‘limda, tadgiqot uslubi, ma’lumot to‘plash usullari va tahlil gilish

metodlari keltirilgan.

Tadqiqot uslubi

Tadqiqotning asosiy uslubi sifatida aralash usul (mixed method) tanlangan. Ushbu usul
yordamida, tadqiqotning sifatli va miqdoriy ma’lumotlarini o‘rganish imkoniyati mavjud. Aralash
usulning afzalligi shundaki, u nafaqat umumiy statistik ma’lumotlarni to‘plash va tahlil qilish
imkonini beradi, balki yoshlar va tashkilotlarning ehtiyojlari, fikrlari va tajribalari haqida chuqurroq
tahlil qilish imkoniyatini ham taqdim etadi.

Ma’lumot to‘plash usullari

So‘rovnoma (Survey). Tadqiqotning birinchi bosqichida, yoshlarning intellektual va ma’naviy

salohiyatini rivojlantirishga qaratilgan davlat va nodavlat tashkilotlarining faoliyati haqgida statistik
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ma’lumotlar to‘plash uchun so‘rovnomalar o‘tkazilgan. So‘rovnomalar O‘zbekistonning turli
hududlaridagi yoshlar, ularning o‘qish, kasb-hunar va ijtimoiy faollik jihatlariga oid savollardan

tashkil topgan. So‘rovnomalar 500 nafar yoshni oz ichiga olgan.

Intervyu. So‘rovnomaga qo‘shimcha ravishda, davlat va nodavlat tashkilotlari vakillari, yoshlar
bilan ishlovchi mutaxassislar, hamda yoshlarning intellektual rivojlanishiga aloqador tashkilotlar
rahbarlari bilan yarim tuzatilgan intervyular o‘tkazildi. Intervyular orqali yoshlarni rivojlantirishdagi
mavjud muammolar, ularning ehtiyojlari va tashkilotlarning faoliyatidagi samaradorlikka ta’sir

etuvchi omillar hagida chuqurroq ma’lumotlar olindi.

Hujjatlarni tahlil qilish. Tadqiqot jarayonida O‘zbekiston Respublikasi yoshlar siyosatini
tartibga soluvchi huquqiy hujjatlar, davlat va nodavlat tashkilotlarining hisobotlari, yillik statistik
ma’lumotlar va boshqa ilmiy adabiyotlar tahlil qilindi. Bu jarayon yoshlar siyosati va davlatning

yoshlar bilan ishlashdagi strategiyalarini aniqlashga yordam berdi.
Tadqiqotning amaliy jihatlari

Statistik tahlil. Tadqiqotda olingan so‘rovnomalar va hujjatlardan olingan ma’lumotlar
yordamida statistik tahlil o‘tkazildi. Bu jarayonda, yoshlarning intellektual rivojlanishiga qaratilgan
dasturlar, yoshlar siyosati va tashkilotlar faoliyatining samaradorligini aniglash uchun olingan
ma’lumotlar giyosiy tahlil qilindi. Statistika yordamida yurtning turli hududlarida yoshlar va ularni

qo‘llab-quvvatlovchi tashkilotlar o‘rtasidagi alogalar va mavjud muammolar o‘rganildi.

Kontent tahlili. Nodavlat tashkilotlarining faoliyatini va ularning yoshlar bilan ishlash
strategiyalarini o‘rganish uchun kontent tahlili metodidan foydalanildi. Bu metod orqali
tashkilotlarning veb-saytlari, hisobotlari va boshqa resurslaridan to‘plangan ma’lumotlar tahlil
qilindi. Bu, shuningdek, yoshlar tomonidan taqdim etilgan fikr va mulohazalar yordamida

tashkilotlarning faoliyatidagi kuchli va zaif tomonlar aniqlanishiga imkon berdi.

Tadqiqotning chegaralari. Tadqiqot Obekistonning asosiy yirik shaharlari va gishloq
hududlaridagi yoshlar va tashkilotlar bilan cheklangan. Tadqiqotga faqat yoshlar va ular bilan
ishlovchi tashkilotlar vakillari kiritilgan bo‘lib, boshqa ijtimoiy guruhlar va yoshlar bilan alogasi
bo‘lmagan tashkilotlar tadqiqotga jalb etilmagan.

Hozir kunda mamlakatimizda 10 mingdan ortiq nodavlat notijorat tashkilotlari o‘z faoliyatini

yuritib kelmoqda. Ular ichida yoshlar bilan ishlaydigan jamoat tuzilmalari talaygina.

Xorijiy davlatlarda istigomat qilib kelayotgan va o‘zing professional faoliyatini xorijiy
davlatlarda yuritayotgan yurtdoshlarimiz, ayniqsa, yuqori ilmiy salohiyatga ega bo‘lgan mutaxassis va
olimlar, iste’dodli, iqtidorli yoshlar bilan hamkorlik gilish, shuningdek, O‘zbekistonning rivojlangan
davlatlar qatoridan joy olishi uchun kerak bo‘lgan, dunyo yoshlari bilan raqobatlasha oladigan, yuqori
tajribali kadrlarni yetakchi xorijiy ta’lim muassasalarida, ham O‘zbekistonda tayyorlash va malakasini

oshirish orqali shunday mutaxassislar bilan ta’minlashni yo‘lga qo‘yish maqgsadida “El-yurt umidi”
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jamg‘armasi tashkil etildi[3].

Hozirgi kunda “El-yurt umidi” jamg‘armasi stipendiyalari hisobidan kadrlarni tayyorlash,
malakasini oshirish va stajirovkadan o‘tkazish uchun fan va ta’lim, jurnalistika, ilmiy tadqiqotlar,
sogligni saglash, davlat boshqaruvi va iqtisodiyotning istigbolli tarmogqlari yo‘nalishlar bo‘yicha
faoliyat olib bormoqda. Shuningdek, Jamg‘armaning Vasiylik Kengashi xalqaro tan olingan
tashkilotlar reytingiga ko‘ra jahondagi eng yaxshi 500 talik yoki tanlangan fan yo‘nalishi bo‘yicha eng
yaxshi 200 talik ro‘yxatga kirgan xorijiy ta’lim muassasalariga yuksak intellektual salohiyatli yoshlarni
bakalavr, magistratura va doktoranturaga mustaqil tarzda kirgan va ta’lim olib kelayotgan
vatandoshlarimizga El-yurt umidi Jamg'arsi tomonidan stipendiya ajratib kelinayotganligi

ahamiyatga molik.

O‘zbekiston dunyoning ilg‘or davlatlari kabi yoshlarning intellektual va ijtimoiy salohiyatini,
ma’naviy-ma’rifiy va jismoniy barkamolligini ta’'minlash maqgsadida oz oldiga quyidagi vazifalarni

amalga oshirdi.

Ma’naviy-ma’rifiy islohotlar davlat siyosatining asosiy ustuvor yo‘nalishi ekanligini ta’kidlagan
holda, mamlakatimizda Prezident Shavkat Mirziyoyevning 2017-yil 28-iyuldagi “Ma’naviy-ma’rifiy
ishlar samaradorligini oshirish va sohani rivojlantirishni yangi bosqichga ko‘tarish to‘g‘risida”[4] gi
qaroriga muvofiq Respublika Ma’naviyat targ‘ibot markazi va Milliy g'oya va mafkura ilmiy-amaliy
markazini birlashtirish orqali, ularning negizida Respublika Ma’naviyat va ma’rifat markazi qayta
tashkil etildi.

Ushbu markaz yoshlar bilan ishlash tizimida ularning ma’naviy-ma’rifiy salohiyatini
rivojlantirish maqsadida xalqimizning asrlar davomida sayqallanib kelgan milliy qadriyatlari, urf-
odat va an’analarining bugungi davrda nafaqat yoshlar balki butun jamiyat hayotida tutgan o‘rnini
ochib berishga qaratilgan ma’naviy-ma’rifiy tadbir va loyihalarni larni o‘tkazish, yoshlarning ongu
shuuriga, ma’naviyatiga, tafakkuriga, salbiy ta’sir etuvchi turli ichki va tashqi tahdidlarga qarshi

qaratilgan tizimli va zamonaviy targ‘ibot ishlarini olib borishni maqsad qilgan.

Prezidentimiz Shavkat Mirziyoyevning 2021-yil 19-yanvarda ma’naviy-ma'’rifiy ishlar tizimini
tubdan takomillashtirish, jamiyat hayotida ma’naviy-ma’rifiy ishlar tizimli yo‘lga qo‘yilmaganligi
sababli kutilgan natijani bermayotganligi, shu maqsadda Respublika Ma’naviyat va ma’rifat markazi
faoliyatini tanqidiy o‘rganib chiqib, uning faoliyatini tubdan takomillashtirish, shuningdek,
markazning “Ma’naviyat targ‘ibotchisi” o‘quv muassasasi negizida ijtimoiy-ma’naviy tadqiqotlar
institutini joriy etish taklifi ilgari surilganligi yoshlar ma’naviyatini yuksaltirishga qaratilgan muhim
vogealardan biri bo‘ldi[5].

2020-yil 29-aprelda O‘zbekiston Respublikasi Adliya vazirligi tomonidan “Yosh yuristlar”

jamoat birlashmasi davlat ro‘yxatidan o‘tkazildi. “Yosh yuristlar” jamoat birlashmasining asosiy

magsadi — jamiyatda yosh yuristlarning huquqiy saviyasini doimiy ravishda yuksaltirish, qonun
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ustuvorligini mustahkamlashga ko‘maklashishdir[6].

Bugungi kunda yurtimizda yoshlar ijtimoiy faolligi, intellektual va ma’naviy salohiyatini
yuksaltirishga xizmat qilayotgan turli uyushma va kengashlar: Yosh ijodkorlar kengashi, “Yoshlar ijod
saroyi” nodavlat notijorat tashkiloti, Yoshlar nashriyot uyi, Yoshlar turizmi agentligi, Respublika yosh
olimlar Kengashi, O‘zbekiston yoshlar tadbirkorligini qo‘llab-quvvatlash markazi, Yosh
kinoijodkorlar uyushmasi, O‘zbekiston yosh fermerlari assosiatsiyasi, “Yetakchi” yoshlar markazi,
“Yangi avlod forumi bolalar ijodiyoti markazi” nodavlat notijorat tashkiloti, “Yoshlar oromgohi”
mas’uliyati cheklangan jamiyati, “Biznes inkubator” mas’uliyati cheklangan jamiyati, Yoshlar media
markazi, “Imkoniyati cheklangan bolalar va yoshlar markazi” mas’uliyati cheklangan jamiyati,
O‘zbekiston yoshlari umumjahon assosiatsiyasi, “Bunyodkor” yoshlar teleklubi, Yosh
huqugshunoslar kengashi, Yosh dizaynerlar kengashi, Respublika yoshlar markazi va boshqalar
kiradi.

Hozirgi kunda “Respublika yoshlar markazi” yoshlarimizning ijtimoiy faolligi, intellektual va

ma’naviy salohiyatini yuksaltirish yuzasidan quyidagi vazifalarni belgilab olgan. Xususan:

e yoshlar huquqlariga oid me’yoriy-huquqiy hujjatlarni tahlil qilish, huquqiy savodxonlik
darajasini o‘rganish, huquqiy madaniyatni rivojlantirish, shuningdek, jinoyatchilik va

huquqbuzarliklar, turli salbiy illatlar profilaktikasini tashkil qilishda ishtirok etish;

e vyoshlarga zamonaviy, qo‘shimcha bilim va kasb-hunar o‘rgatish maqsadida axborot
texnologiyalari, tekstil, hunarmandchilik, kasanachilik, sport va shu kabi boshqa fan, bilim va hunar

o‘rgatish to‘garaklarini tashkil etish;
e ilmiy, ma’ruzaviy, ma'rifiy faoliyatni amalga oshirish;

e vyoshlarga huqugqiy, ijtimoiy va boshqa yo‘nalishlar bo‘yicha maslahatlar berish, bo‘sh
vaqtlarini mazmunli va magqsadli tashkil etish bo‘yicha mavjud to‘garaklar va boshqalar to‘g‘risida

ma’lumotlar berib borishga yo‘naltirilgan “Ishonch telefoni” faoliyatini tashkil etish[7].

Bugungi kunda  “Respublika  yoshlar = markazi’ning 14 ta  hududiy va
190 dan ortiq mahalliy bo‘linmalarida quyidagi to‘garak va kurslar faoliyat ko‘rsatib kelmoqda:

Kasbga yo‘naltirish bo‘yicha: “Yosh dizayner”, “Kompyuter savodxonligi”, “Pazandachilik”,

» o« 2«

“Modeler dizayner”, “Web dizayn, dasturlash va axborot texnologiyalari”, “Hunarmandchilik va

» « »

dizayn”, “Yosh chevarlar”, “Yosh sartaroshlar”;

» o«

Sport yo‘nalishi bo‘yicha: “Karate”, “Boks”, “Qo‘l janggi”,. “Milliy kurash”, “Og‘ir atletika”,

“Stol tennisi”, “Futbol”, “Shaxmat-shashka”;

» o«

Xorijiy tillar yo‘nalishi bo‘yicha: “Ingliz tili”, “Turk tili”, “Koreys tili” va “Rus tili”;

Ijodiy yo‘nalishlar bo‘yicha: “Yosh ijodkorlar”, “Mohir qo‘llar”, “Inklyuziv ta’lim”,
“Rassomchilik”, “Musiqa va rags”, “Yosh aktyorlar”, “Vokal”, “Zargarlik”.
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Prezidentimiz Shavkat Mirziyoyevning 2017-yil 22-dekabrdagi Oliy Majlisiga qilgan
Murojaatnomasida yoshlarga oid davlat siyosati doirasida belgilangan ustuvor islohotlarni hayotga
tadbiq etishga qaratilgan topshiriglarning ijrosini ta’minlash bo‘yicha mamlakatimiz fuqarosi
hisoblangan va xorijiy mamlakatlarda tahsil olayotgan yoki mehnat faoliyati bilan mashg‘ul yoshlar
bilan yagindan aloqgada bo‘lish, ularni har tomonlama qo‘llab-quvvatlash va rag‘batlantirish, ularning
huquq va manfaatlarini himoya qilish, Vatanga sadoqat ruhida tarbiyalash, shuningdek jamiyatda oz
o‘rniga ega bo‘lishlari uchun yordam berish magqsadida O‘zbekiston yoshlar ittifoqi qoshida

“O‘zbekiston yoshlari umumjahon assosiatsiyasi” nodavlat notijorat tashkiloti tashkil etildi[8].

Hozirgi kunda assosiatsiya O‘zbekiston yoshlarining intellektual salohiyatini yuksaltirish va uni
ro‘yobga chiqarish borasida oz oldiga qator maqsad va vazifalarni qo‘ygan. Jumladan, tegishli
tuzilmalar bilan hamkorlikda xorijiy davlatlarda o‘qish va oz mehnat faoliyatini olib borayotgan
o‘zbekistonlik yoshlarning taklif, muammolari va qizigishlarini tahlil qilish, xorijga o‘qish va oz
mehnat faoliyatini rejalashtirayotgan yoshlarimiz uchun foydali o‘quv qo‘llanmalarni tayyorlash,
xorijda istiqgomat qgilayotgan mamlakatimiz yoshlarining ma’lumotlar bazasini yaratish va ular bilan
doimiy muloqotni yo‘lga qo‘yish, xorijdagi yetuk vatandosh mutaxassislarimizning mamlakatimizda
amalga oshirilayotgan davlat va jamiyatni yuksalishiga kerak bo‘ladigan loyihalarga, tanlov asosida

esa, vazirlik, idora va oliy ta’lim muassasalariga jalb etib kelmoqda.

Assosiatsiya internet tarmog‘ida ijtimoiy veb-portal va sahifalar yaratish orqali xorijdagi va
xorijga chigishni mo‘jallayotgan yoshlar uchun maslahat, taklif va tavsiyalar berib borilishini tizimli
yo‘lga qoyish, xorijda yashayotgan yoshlarimizni mamlakatimiz o‘tmish tarixi, an’analari, urf-odati,
ona-tili va adabiyoti, ajdodlarimizning asrlar davomida shakllanib kelgan boy ilmiy merosi, ularning
jahon tamadduniga qo‘shgan hissasi haqidagi ma’lumotlar bilan tanishtirib borish, ilm-fan va
madaniyat sohasidagi yetuk va taniqli shaxslar bilan uchrashuvlar, festivallar, badiiy va adabiy
kechalar, konsert dasturlari tashkil etish orqali xorijiy davlatdagi yoshlarimizda oz ona Vataniga
sadoqat, ularga faxr va iftixor tuyg‘ularini o'stirish, soglom turmush tarzini shakllantirishga xizmat

qilmoqda.

Ahamiyatli jihati shundan iboratki, yoshlar orasida mamlakatimizda amalga oshirilayotgan
strategik islohotlar, qabul gilinayotgan davlat dasturlari natijasida yuz berayotgan yangilanishlar,
iqtisodiy o‘sish natijasida yaratilayotgan yangi ish o‘rinlari hagida axborot berib borish, xorijdan
qaytib kelgan yoshlarning jamiyat hayotiga kirib borishiga yordam berish, yoshlarni turli mafkuraviy
tahdidlar (terrorizm, ekstremizm, odam savdosi, uyushgan jinoyatchilik)dan saglashga qaratilgan
chora-tadbirlarni olib borish, bunday salbiy informatsion-g‘oyaviy tahdidlar doirasiga tushib qolgan
yoshlarga huquqiy va psixologik yordam ko‘rsatish, xorijiy mamlakatlar bilan uyushtiriladigan oliy
va yuqori darajadagi tashriflar tashkil etish, shuningdek, O‘zbekiston vakillarining Assosiatsiyaning
xorijdagi vakolatxonalari faollari bilan uchrashuvlar uyushtirish hamda boshqa qator ishlarni amalga

oshirib kelmoqda.
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Bugungi kunda O‘zbekiston yoshlari umumjahon assosiatsiyasining Belorussiya, Janubiy
Koreya, Buyuk Britaniya, Belgiya, Latviya, Misr, Qozog‘iston va Ukrainada vakillari faoliyat yuritib
kelmoqda[9].

Mamlakatimizda Yoshlar tashkilotlari doirasida xususiy sherikchilikdagi tashkilotlar alohida
o‘ringa ega. Bu borada “Digital Generation Uzbekistan” loyihasi va “Kitob olami” savdo inshooti

tarmog‘ini misol keltirishimiz mumkin.

“Digital Generation Uzbekistan” loyihasi “Digital Generation” hamjamiyatini yaratishda
Ozbekiston  yoshlar ittifoqi, O‘zbekiston Respublikasi ~Axborot texnologiyalari va
kommunikatsiyalarni rivojlantirish vazirligi va Toshkent shahridagi Inha universitetining noyob
loyiha-strategiyasidir[10]. Ushbu loyiha axborot texnologiyalarini dasturlash, robototexnika,
zamonaviy media va ragamli marketing, texnologik dizayn, e-sport, notiqlik san’ati va treyding kabi
sohalarda giziquvchi yoshlar jamiyati hisoblanib, turli forum va lagerlarda muhokama va kurslar

tashkil etib kelinmoqda.

Mamlakatimizda yoshlar orasida kitobxonlik madaniyatini rivojlantirish, aynigsa, insonlarda
erta bolalikdan kitobga muhabbat uyg‘otish maqsadida 2004-yil “Kitob olami” xususiy sherikchilik
savdo inshooti tashkil etildi. Bugun “Kitob olami” savdo inshooti tarmog'i yoshlarni barkamol inson
bolib yetishishi uchun kitob yordamida unda shaxsni rivojlantirish hamda o‘zbek va jahon adabiyoti

durdonalarining ommaviyligini ta’'minlashga xizmat qilmoqda.

O‘zbekistonda yoshlar ijtimoiy faolligi, intellektual va ma’naviy salohiyatini yuksaltirish

sohasida bir qator teleradiokanal, gazeta va jurnallarni misol keltirishimiz mumkin.

Jumladan, “Yoshlar” teleradiokanali mamlakatimiz axborot makonida aksiyadorlik jamiyati

shaklidagi eng birinchi va yagona elektron ommaviy axborot vositasi sanaladi[11].

Mamlakatimizda yoshlarda jamiyatda bo‘layotgan voqea va jarayonlarga daxldorlik hissi bilan
yashashlarini shakllantirishga qaratilgan “Mening yurtim” (MY5) telekanali faoliyati 2014-yil 12-
noyabrda tashkil etildi. Shuningdek, teatr, kino, sport va estrada vakillari ishtirokidagi ma’rifiy-
madaniy ko‘rsatuvlar yoshlarning vaqtlarini mazmunli o‘tkazishini ta’minlamoqda. Bundan tashqari,
teleradiokanal mamlakatimiz yoshlari hayoti, hududlarda tashkil etilayotgan yoshlarga mo‘ljallangan

madaniy-ommaviy tadbirlar bilan yaqindan tanishtirib borish imkoniyatini bermoqda.

Yoshlar intellektual va ma’naviy salohiyatini yuksaltirishda “Yoshlar” radiokanali alohida o‘z
o‘rniga ega bo‘lib, radiokanal o‘zining ma’naviy-madaniy radio dasturlari, ijtimoiy, iqtisodiy,
informatsion radio eshittirishlari bilan yoshlarni atrofdagi voqealarga daxldorlik hissini

shakllantirishga xizmat qilib kelmoqda.

Ijtimoiy taraqqiyotimiz muammolarini ozida aks ettiruvchi badiiy va san’at asarlarini yaratish
ham o‘sib borayotgan ehtiyojlardan orqada qolmoqda. Talaba yoshlar o‘rtasida o‘tkazilgan sotsiologik

so‘rovnomalardan ma’lum bo‘ldiki, ularning aksariyat ko‘pchilik qismi (90 foizi) badiiy asarlarni
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o‘qimaydilar, san’at asarlarini tomosha qilishdan ko‘ra, virtual tarmoglar orqali tarqatilayotgan
mahsulotlarga bog‘lanib qolmoqdalar. Bunday salbiy holatlar tabiiy ravishda, ijtimoiy taraqqiyotimiz
muammolariga befarqlik va loqaydlikning yuzaga kelishiga sabab bo‘lmoqda.

Mamalakatimizda yoshlar bilan ishlash tizimidagi ustuvor vazifalardan biri-bu yuksak milliy-
madaniy qadriyatlarimiz ruhi singdirilgan maftkuramiz bilan shakllangan ma’naviyatli barkamol
insonni tarbiyalashdir. Bu o‘ta muhim vazifani hal etish mamlakatimizda amalga oshirilayotgan

islohotlarning muhim kafolati hisoblanadi.

Xulosa

XXI asr — globallashuv, axborot texnologiyalarining tez sur’atlar bilan rivojlanishi va ma’naviy-
ma’rifiy qadriyatlarning qayta baholanayotgan davridir. Bu davrda har bir davlat uchun strategik
muhim vazifalardan biri — yosh avlodning intellektual va ma’naviy salohiyatini yuksaltirishdir.
Aynigsa, O‘zbekiston singari rivojlanayotgan davlatlar uchun bu masala nafaqat ijtimoiy, balki
siyosiy, madaniy va iqtisodiy taraqqiyotning poydevori hisoblanadi. Yoshlarning zamonaviy
tafakkurga ega, mustaqil fikrlaydigan, yuksak axloqiy va intellektual fazilatlarga ega bo‘lishi mamlakat
istigbolining kafolatidir.

O‘zbekiston Respublikasida mustaqillikdan so‘ng yoshlarga qaratilayotgan e’tibor izchil
kuchayib bordi. Bu boradagi davlat siyosati, qonun hujjatlari, dasturlar va institutsional mexanizmlar
yoshlarga oid masalalarni kompleks tarzda hal etishga yo‘naltirilgan. Jumladan, O‘“zbekiston
Respublikasi Prezidentining qarorlari, Oliy Majlisning qonunchilik hujjatlari, Vazirlar
Mahkamasining qarorlari asosida yoshlar bilan ishlashning aniq mezonlari belgilandi. Bu jarayonda
davlat tashkilotlari va fuqarolik jamiyati institutlarining, jumladan, nodavlat notijorat

tashkilotlarining o‘rni tobora ortib bormoqda.

Davlatning bevosita vakillari — Yoshlar ishlari agentligi, Xalq ta’limi, Oliy ta’lim, fan va
innovatsiyalar vazirligi, Sport va turizm vazirligi, Madaniyat vazirligi kabi idoralar yoshlarning har
tomonlama rivojlanishiga xizmat qiluvchi tashabbuslarni amalga oshirib kelmoqda. Bunday
faoliyatlar doirasida ta’lim tizimini modernizatsiya qilish, zamonaviy axborot-kommunikatsiya
texnologiyalarini joriy etish, iqtidorli yoshlarni qo‘llab-quvvatlash, sport va madaniyatni
ommalashtirish, xorijiy tajribalarni o‘rganish va integratsiyalashuvi kabi ko‘plab yo‘nalishlar mavjud.
Bularning barchasi yoshlarning intellektual salohiyatini shakllantirish va rivojlantirishda asosiy omil

bo‘lib xizmat gilmoqda.

Bundan tashqari, davlat siyosatining muhim tarkibiy qismi sifatida fuqarolik jamiyati
institutlari, xususan, yoshlar tashkilotlari, jamoat fondlari, xususiy ta’lim muassasalari, ijtimoiy
tashabbus guruhlari, diniy va madaniy markazlar ham faol ishtirok etmoqda. Ularning faoliyati

yoshlarning erkin fikrlashi, jamiyat hayotidagi faolligi, ma’naviy o‘sishi, vatanparvarlik, ijtimoiy



https://journal.umft.uz/

Volume 2, Issue 2 | June 2025 Management and Future Technologies | journalumftuz

mas’uliyat hissini kuchaytirish kabi jihatlar bilan bevosita bog‘liqdir. Aynigsa, “Yoshlar ittifoqi”,
“Kamolot” jamg‘armasi, “Milliy g'oya va matkura markazi” kabi tuzilmalar o‘zining amaliy faoliyati

bilan yoshlar ongida yuksak qadriyatlarni shakllantirishda muhim o‘rin tutmoqda.

Nodavlat notijorat tashkilotlarining kuchayishi, ularning yoshlar bilan ishlashda mustaqil
tashabbuslar ko‘rsatishi, grantlar orqali innovatsion g‘oyalarni qo‘llab-quvvatlashi, ijtimoiy sheriklik
asosida davlat muassasalari bilan hamkorlikni yo‘lga qo‘yishi — bu sektorning yoshlar rivojidagi
o‘rnini yana-da kuchaytirmoqda. Bunday tashkilotlar yoshlarning o‘z-ozini anglash, tanqidiy
tafakkur, tolerantlik, jamiyatga integratsiyalashish jarayonlarini chuqurlashtiradi. Bu holat esa ularni

jamiyatning faol subyektiga aylantirish imkonini beradi.

Ushbu ilmiy ishda O‘zbekistonda yoshlarning intellektual va ma’naviy salohiyatini
rivojlantirishda davlat va nodavlat sektorlarining o‘zaro aloqalari, institutlararo integratsiyasi,
tashabbuslar uyg‘unligi va ijtimoiy sheriklik mexanizmlari chuqur tahlil gilindi. Shuningdek, xorijiy
davlatlar, jumladan, AQSH, Buyuk Britaniya, Germaniya, Yaponiya, Rossiya kabi mamlakatlar
tajribasi asosida qiyosiy yondashuvlar o‘rganildi. Ushbu davlatlarda yoshlar siyosati davlat
siyosatining ustuvor yo‘nalishlaridan biri sifatida shakllanib, ularda ham davlat va fuqarolik jamiyati
institutlarining uyg‘un faoliyati kuzatiladi. Biroq bu tajribaning O‘zbekiston sharoitiga mutanosib
moslashtirilishi kerakligi ta’kidlab o‘tildi.

Tadqiqot natijalari shuni ko‘rsatmoqdaki, O“zbekistonda davlat va nodavlat sektorlarining
samarali hamkorligi asosida yoshlarning intellektual salohiyati — ilm-fan, texnologiyalar, kreativ
tafakkur yo‘nalishida ortib bormoqda. Shu bilan birga, ma’naviy yetuklik, axloqiy poklik, milliy
qadriyatlarga sadoqat, fuqarolik mas’uliyati kabi ko‘rsatkichlar ham ancha yuksalmoqda. Bu esa
davlatning mustahkam poydevori sifatida shakllanayotgan zamonaviy avlodni tarbiyalashga zamin

yaratmoqda.

Biroq ba’zi tizimli muammolar, resurslar yetishmovchiligi, hududlararo tafovutlar, yoshlar
orasidagi ishsizlik va ijtimoiy ajralish holatlari hali-hanuz dolzarb bo‘lib qolmoqda. Shu bois, bu
sohadagi islohotlar chuqurlashtirilmog‘i, nodavlat tashkilotlar salohiyatini kengroq safarbar etish,
yoshlarning tashabbuskorligini yanada rag‘batlantirish zarur. Ayniqsa, raqamli jamiyatda yoshlar
ehtiyojlarini inobatga olgan holda ijtimoiy tarmoqlar, onlayn platformalar, axborot-kommunikatsiya

vositalaridan keng foydalanish zamon talabi hisoblanadi.
Tadqiqot asosida quyidagi xulosalarga kelindi:

1. Yoshlar siyosatida davlat va nodavlat sektorlarining uzviy hamkorligi — zamonaviy

jamiyatning barqaror rivojlanish kafolatidir. Bu hamkorlik tizimli asosda kuchaytirilishi lozim.

2. Yoshlarning intellektual va ma’naviy salohiyatini rivojlantirish uchun ko‘proq ishonch,

mustaqil qaror qabul qilish, tanqidiy fikrlash, ijjodkorlikka asoslangan mubhit yaratilishi zarur.
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3. Nodavlat tashkilotlar va fuqarolik jamiyati institutlari — yoshlar bilan ishlashda yangicha
yondashuv, muqobil ta’lim va tarbiya metodlarini ilgari surishi mumkin bo‘lgan kuchli ijtimoiy aktor

sifatida faol qo‘llab-quvvatlanishi kerak.

4. Xalgaro tajribaning o‘rganilishi va lokal sharoitga moslashtirilishi — yoshlar siyosatining

muvaffaqiyatli bo‘lishida muhim orin tutadi.

5. Mabhalliy sharoit, madaniyat va qadriyatlar asosida ishlab chigilgan, lekin global

yondashuvlarni inobatga olgan strategiyalar — yoshlarning barkamol rivojlanishiga xizmat qiladi.

Xulosa qilib aytganda, O‘zbekistonda yoshlarning intellektual va ma’naviy salohiyatini
yuksaltirish masalasi davlat va jamiyatning ustuvor yo‘nalishi sifatida shakllanmoqda. Bu yo‘nalishda
amalga oshirilayotgan ishlar samaradorligini oshirish uchun davlat va nodavlat sektorlarining
barqaror, innovatsion va ochiq hamkorlik modeli takomillashtirilishi lozim. Faqat shundagina biz
xalgaro miqyosda raqobatbardosh, yurtiga fidoyi, tafakkuri keng, ma’naviy barkamol avlodni

shakllantira olamiz.



https://journal.umft.uz/

/)

Volume 2, Issue 2 June 2025 Management and Future Technologies | journalumftuz

7.
8.
9.

Adabiyotlar

O‘zbekiston Respublikasi Prezidenti Shavkat Mirziyoyevning Oliy Majlisga Murojaatnomasi. / /“Xalq
so‘zi” gazetasi, 2020-yil 30-dekabr, Ne 276.

O‘zbekiston Respublikasining “Yoshlarga oid davlat siyosati to‘grisida” 2016-yil 14-sentabrdagi
ORQ-406-sonli Qonuni. // Oliy Majlis palatalarining Axborotnomasi, 2016 N¢ 9. -B.10

O‘zbekiston Respublikasi Prezidentining “O‘zbekiston Respublikasi Vazirlar Mahkamasi huzuridagi
mutaxassislarni xorijda tayyorlash va vatandoshlar bilan muloqot gilish bo‘yicha “El-yurt umidi”
jamg‘armasi faoliyatini tashkil etish to‘g'risida” 2018-yil 25-sentabrdagi PF-5545-sonli farmoni. //
https://lex.uz/docs/3920037.

O‘zbekiston Respublikasi Prezidentining “Ma’naviy-ma'rifiy ishlar samaradorligini oshirish va sohani
rivojlantirishni yangi bosqichga ko‘tarish to’g‘risida” 2017-yil 28-iyuldagi PQ-3160-sonli qarori.//
https://lex.uz/docs/-4071203.

Jamiyat hayotining tanasi iqtisodiyot bo‘lsa, uning joni va ruhi ma’naviyat. // “Xalq so‘zi” gazetasi,
2021-yil 20- yanvar, N 13.

“O‘zbekiston Respublikasida yuridik ta’'lim va fanni tubdan takomillashtirish bo‘yicha qo‘shimcha
chora-tadbirlar to‘g'risida” 2020-yil 29-apreldagi PF-5987-sonli farmoni. // https://lex.uz/docs/-
4802181.

Magsad va vazifalar. //http://rym.uz/uz/post/markaz/maqsadvazifalar.
O‘zbekiston yoshlari umumjahon assotsiatsiyasi haqida. //http://www.wayu.uz/know.
O‘zbekiston yoshlari umumjahon assotsiatsiyasi hagida. //http://www.wayu.uz/know.

10. “Digital Generation” //https://yoshlarittifoqi.uz/organizations/ digital-generation.

11.

“Yoshlar” teleradiokanali. / /https://yoshlarittifoqi.uz/uz/organizations/teleradiokanal.


https://journal.umft.uz/
https://lex.uz/docs/3920037
https://lex.uz/docs/-4071203
https://lex.uz/docs/-4802181
https://lex.uz/docs/-4802181
http://rym.uz/uz/post/markaz/maqsadvazifalar
http://www.wayu.uz/know
http://www.wayu.uz/know
https://yoshlarittifoqi.uz/organizations/digital-generation
https://yoshlarittifoqi.uz/uz/organizations/teleradiokanal

Management and Future Technologies | journal.umft.uz

Authors

Golovachyova Polina

Uzbekistan State World Languages
University, Faculty of English
Philology,

polinagolovachyova03@gmail.com,

Khamidova Durdona

Uzbekistan State World Languages
University, Faculty of English
Philology,

dhamidval0@gmail.com

Correspondence: dhamidval 0@
gmail.com

Copyright: © 2025 by the authors.

Ushbu magqola Creative Commons
Attribution (CC BY) litsenziyasi
shartlari asosida tarqatiladigan ochiq
foydalanish maqolasi hisoblanadi
(https://creativecommons.org/
licenses/by/4.0/).

June 2025 Volume 2, Issue 2

THE USE OF
ARTIFICIAL
INTELLIGENCE IN
TEACHING ENGLISH
LANGUAGE

bstract: This article explores the transformative

role of Artificial Intelligence (AI) in English

Language Teaching (ELT), focusing on its impact
on classroom instruction and personalized learning. Al
tools are revolutionizing traditional language classrooms by
facilitating tailored learning experiences that cater to diverse
proficiency levels. Through examples such as ChatGPT’s
ability to generate level-appropriate reading materials and AI-
powered conversational chatbots, this study illustrates how
Al enhances student engagement and provides real-time,
customized feedback. Furthermore, the paper examines Al’s
contributions to language assessment, including adaptive
testing and automated grading, which significantly reduce
teacher workload and improve assessment efficiency.
The integration of Al in fostering collaborative learning
environments, personalized vocabulary acquisition through
spaced repetition and gamification, and adaptive language
learning platforms like Duolingo and Grammarly are also
discussed. By analyzing empirical studies and practical
applications, this article highlights the potential of AI to
create more engaging, effective, and personalized language
learning experiences, while acknowledging the importance of
maintaining a balanced approach that combines AT efficiency
with human expertise.

Keywords: Artificial Intelligence, English Language
Teaching, Language Acquisition, Personalized Learning,
Vocabulary Acquisition, Adaptive Assessment, Al Writing
Assistants, Digital Tools.
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Introduction

The integration of Artificial Intelligence (AI) into English Language Teaching (ELT) has
ushered in a paradigm shift in pedagogical approaches, offering unprecedented opportunities for
personalized and adaptive learning. Recent advancements in AI technologies, including natural
language processing (NLP) and machine learning algorithms, have enabled the development of
sophisticated tools that enhance various aspects of language acquisition, from vocabulary retention
to writing proficiency [1,2]. These innovations address longstanding challenges in traditional

language classrooms, such as accommodating diverse proficiency levels and providing timely,
individualized feedback [3].

AT's role in ELT is multifaceted, encompassing personalized content generation, automated
assessment, and interactive language practice. For instance, tools like ChatGPT allow educators to
create tailored reading materials and comprehension exercises aligned with the Common European
Framework of Reference for Languages (CEFR), significantly reducing preparation time while
ensuring contextual relevance [2]. Similarly, platforms like Duolingo employ adaptive algorithms to
customize lesson difficulty based on learner performance, demonstrating Al's potential to scale
personalized instruction [4] .Vocabulary acquisition, a critical component of language learning, has
also been transformed by Al-driven applications such as Quizlet, which utilize spaced repetition
systems (SRS) to optimize long-term retention [5]. Meanwhile, AI writing assistants like Grammarly
provide real-time feedback on grammar and syntax, fostering learner autonomy and self-efficacy [6].
Despite these advancements, the integration of Al in ELT is not without challenges, including
concerns about over-reliance on technology, cultural biases in AI-generated content, and the need
for teacher training to ensure effective implementation [3]. The ethical issues with Al in teaching
present another difficulty. To guarantee equitable learning opportunities, two crucial concerns that

need to be addressed are algorithmic bias and data privacy [7].

This article explores the transformative impact of Al on ELT, examining its applications in
personalized learning, vocabulary acquisition, and writing instruction. By synthesizing empirical
research and practical case studies, it highlights both the opportunities and limitations of Al in
language education, advocating for a balanced approach that leverages Al's efficiency while preserving

the irreplaceable role of human educators.

Discussion

Al in classroom instruction and personalized learning.

One of the most significant contributions of Al in ELT is its ability to facilitate personalized
learning experiences. Traditional language classrooms often struggle to accommodate diverse

proficiency levels, but Al-powered tools can dynamically adapt content to individual learners’ needs.
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Amin [1] emphasizes that Al enables real-time language practice, customized feedback, and
automated lesson planning, allowing teachers to focus on targeted instruction rather than

administrative tasks .

ChatGPT, for instance, has demonstrated remarkable versatility in generating level-
appropriate reading materials aligned with the Common European Framework of Reference for
Languages (CEFR). Koraishi [2] highlights how educators can input specific parameters—such as
vocabulary difficulty or grammatical complexity—to produce tailored texts and accompanying
comprehension questions. This capability not only saves time but also ensures that learners engage
with materials suited to their proficiency level, enhancing comprehension and retention.The example
is given on the Figure 1,all necessary information as list of words and level of students were given to

make a reading text with True False questions (Figure 1).

ChatGPT 5]

There is a list of words: eggplant, loaf of bread, cheese, porridge,
noodles, cake, lemon pie. Make a reading passage with 5 True False
questions for A1 Learners.

A Special Picnic

Lily and her family went to the park for a picnic. They brought a big basket full of delicious food. Inside
the basket, there was a loaf of bread, some cheese, and a big lemon pie. Lily’s little brother, Tom, loves

noodles, so their mother packed a bowl of porridge and some noodles for him.

Lily was excited because her favorite food, cake, was also in the basket. Her father brought an eggplant
salad, but Lily did not like eggplant very much. They sat on a big blanket and enjoyed their meal
together. After eating, they played games and had a wonderful time.

True or False Questions
1. Lily and her family went to the zoo for a picnic. (False)
2. They brought a loaf of bread and some cheese. (True)

3. Tom ate porridge and noodles. (True)

N2
4. Lily’'s favorite food is eggplant. (False)

4+ @ search  Q Reason = -e- o

Figure 1. Example of ChatGPT

Furthermore, Al serves as an interactive conversational partner, helping students practice
speaking in a low-pressure environment. Many learners experience anxiety when speaking in front of
peers, but Al chatbots provide immediate, judgment-free interaction, allowing them to build
confidence before participating in classroom discussions [3]. This feature is particularly valuable in

EFL contexts, where opportunities for authentic English conversation may be limited.

A global survey by the British Council [3] found that 76% of English teachers now use Al tools
in some capacity, with over half leveraging them for generating lesson materials and facilitating
student practice. This widespread adoption underscores AI's growing role as an instructional aid,

enabling educators to deliver more engaging and adaptive lessons.
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AD’s role in assessment and teacher workload reduction

Beyond instruction, Al is revolutionizing language assessment by introducing adaptive testing,
automated grading, and plagiarism detection. Traditional assessment methods often require extensive
manual effort, but Al can evaluate written and spoken responses with increasing accuracy, providing
instant feedback to students [1]. For example, ChatGPT can generate customized quizzes and
comprehension exercises based on specific learning objectives, reducing the time teachers spend on
test creation [2]. Automated grading systems, powered by natural language processing (NLP), analyze
grammar, vocabulary usage, and coherence, offering detailed insights into student performance.
These innovations not only enhance assessment efficiency but also allow teachers to identify learning
gaps more effectively.The British Council survey [3] found that 43% of educators use Al for lesson
planning, while a significant number employ it for feedback generation and test security. By
automating routine tasks, Al enables teachers to dedicate more time to interactive and student-
centered activities, fostering deeper engagement and critical thinking.However, some educators
remain cautious about over-reliance on Al for assessment. While Al excels at evaluating structured
responses, it may struggle with nuanced language use, creativity, and cultural context—areas where
human judgment remains indispensable. Thus, a balanced approach, combining Al efficiency with

teacher expertise, is essential for effective assessment practices.

Enhancing student engagement and collaborative learning

ATl’s impact extends beyond individual learning, playing a pivotal role in fostering collaborative
classroom environments. Contrary to concerns that AI might isolate learners, research suggests that
well-integrated Al tools can enhance peer interaction by facilitating group activities and interactive
exercises [3]. For instance, Al-powered platforms can simulate real-world dialogues, prompting
students to engage in role-playing scenarios or debate exercises. These activities encourage teamwork
while allowing learners to practice language skills in meaningful contexts. Additionally, AI-
assisted co-creation tasks, such as collaborative story-writing or problem-solving exercises, help
students develop both linguistic and critical thinking abilities.Moreover, Al extends learning beyond
the classroom through mobile apps and virtual tutors, enabling students to practice English anytime,
anywhere. This flexibility is particularly beneficial in contexts with limited access to native speakers,

as Al provides continuous language exposure and reinforcement.
Al-powered vocabulary acquisition
Personalized lexical instruction with Al

EFL learners often exhibit uneven vocabulary knowledge, with lexical gaps persisting even
among students at similar proficiency levels. Traditionally, teachers manually adapted materials to

target specific vocabulary sets—a time-consuming process. However, Al-powered tools like ChatGPT
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now enable educators to generate tailored texts by inputting curated word lists and precise prompts
[2]. Koraishi [2] demonstrates how AI can embed hundreds of target words into contextually
appropriate materials, significantly reducing preparation time while allowing scalable personalized

instruction.

Additionally, Al analyzes large text corpora to provide detailed definitions, synonyms, and
contextual examples, helping learners understand word usage in real-world scenarios. This data-
driven approach ensures that students receive meaningful lexical support, making vocabulary
acquisition more effective and engaging. By analyzing large amounts of text, Al can generate clear
explanations and contextually relevant sentences, helping learners understand how to use new words
correctly. Figure 2 demonstrates the example of the request for ChatGPT and its answer (Figure 2).

ChatGPT Give a list of words on topic "Environment” for Intermediate
English learners with definition and examples

Here's a list of words related to the environment for intermediate English learners, along with

definitions and example sentences:

1. Pollution
e Definition: The introduction of harmful substances into the environment.

e Example: Air pollution is a serious problem in big cities.

2. Climate Change

e Definition: Long-term changes in temperature and weather patterns, often caused by human

activities.

e Example: Scientists warn that climate change will lead to more extreme weather events.

3. Renewable Energy
e Definition: Energy from natural sources that do not run out, such as sunlight and wind.

e Example: Solar panels produce renewable ener':l‘/' from the sun.

Figure 2. The example of the request for ChatGPT.
Spaced repetition and gamification

Al-driven flashcard applications, such as Quizlet, utilize spaced repetition algorithms (SRS) to
enhance long-term vocabulary retention. These systems schedule review sessions based on
scientifically validated memory curves, ensuring that learners revisit words at optimal intervals to
reinforce recall [5]. Gu [5] emphasizes that gamified elements—such as animated flashcards, progress
trackers, and interactive quizzes—increase student engagement by 42% compared to traditional
paper-based methods. This approach not only improves efficiency but also makes vocabulary practice

more enjoyable and motivating.
Al in adaptive language learning platforms.

Duolingo‘s AI-powered personalization
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Modern language platforms like Duolingo employ advanced AI models to deliver adaptive
English instruction. Their proprietary Large Language Model (LLM) generates contextual exercises
in seconds, while the ‘Birdbrain’ AI dynamically adjusts lesson difficulty based on learner
performance [4]. A hybrid approach—where Al generates exercises and human experts refine

content—ensures both scalability and pedagogical quality [8].

Duolingo‘s partnership with OpenAl led to one of the first third-party implementations of

GPT-4, enhancing language instruction through:

v Al Roleplay: Simulated conversations with personas (e.g., a Parisian barista) for

practical dialogue practice.
v Explain My Answer: Instant, human-like explanations for exercise responses.
Edwin Bicknell, Duolingo‘s Principal Product Manager, noted:

"We were blown away by GPT-4's capabilities... pushing us closer to being everyone's

personalized tutor."

This integration required:

v Extensive prompt engineering with labeled datasets
v Proprietary Al safeguards to maintain educational focus
v Continuous refinement for optimal learning outcomes

The success of Duolingo‘s Al integration demonstrates how large language models (LLMs) can

enhance pedagogy when combined with human oversight [9].
Grammarly’s real-time feedback mechanism.

Al-powered writing assistants like Grammarly have become indispensable for English language

learners, offering:

v Auto-correction: Identifies grammar, syntax, and spelling errors

v Predictive text: Suggests contextually appropriate words/phrases

v Multi-platform accessibility: Available as a browser extension, mobile keyboard, and
desktop app

Unlike traditional proofreading tools, Grammarly provides instant, actionable feedback,

helping learners refine their writing in real time [9].
Nazari et al. [6] found that Grammarly improves three key aspects of learner engagement:
Behavioral: Increased motivation to revise and edit writing

Emotional: Greater confidence in writing abilities
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Cognitive: Deeper interaction with feedback to improve accuracy

The study also highlighted that instant corrective feedback fosters self-efficacy, encouraging

learners to take ownership of their writing development [6].
Integration of Al in ELT Platforms: Case Studies

To further demonstrate the real-world applications of Artificial Intelligence in English
Language Teaching (ELT), this section presents three prominent AI-powered platforms: Blackboard,
Netex Learning, and Kejarcita. These tools exemplify how Al enhances digital instruction, enables

personalized learning, and automates assessment processes.
Al applications in English language teaching platforms

In addition to widely known tools such as ChatGPT, Duolingo, and Grammarly, several
comprehensive educational platforms are integrating Artificial Intelligence to transform English
language instruction through content delivery, adaptive learning, and automated assessment. Among
these, Blackboard, Netex Learning, and Kejarcita stand out as exemplary cases of Al implementation

in ELT environments.
Blackboard: AI-supported course management and feedback.

Blackboard is a prominent Learning Management System (LMS) widely utilized in universities
across Europe, North America, and Asia. It enables instructors to manage course materials, distribute
notes, assign homework, and administer quizzes and tests through an intuitive interface. Blackboard’s
AT capabilities have evolved significantly with features such as the AI Design Assistant, which
supports the rapid creation of accessible, inclusive, and engaging course content [10]. The system uses
machine learning algorithms to recommend learning materials, organize course modules, and adapt
content based on learner engagement patterns.Another innovative tool is the AI Conversation
Engine, which allows English learners to engage in simulated real-life dialogues with virtual characters
in various social and professional contexts. This tool helps build fluency, listening comprehension,
and situational vocabulary, while providing immediate corrective feedback—a feature aligned with
the Communicative Language Teaching (CLT) approach. Moreover, Blackboard’s automated
performance analytics enable teachers to track individual learner progress, identify common learning

bottlenecks, and personalize feedback accordingly.

Blackboard also includes speech-to-text and translation services, making it highly inclusive for
learners with different language backgrounds and learning needs. These features are particularly

valuable for ELT instructors working in multilingual or international classrooms.
Netex learning: smart content and adaptive delivery.

Netex Learning is a European EdTech platform that specializes in adaptive learning and Al-

assisted content creation. It provides a flexible, cloud-based ecosystem where educators can design
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personalized learning experiences that include videos, e-books, gamified quizzes, and interactive
exercises. Its Al engine automatically recommends learning resources based on learner behavior, past
performance, and topic preferences[11]. For example, if a learner struggles with phrasal verbs, the
system will recommend additional practice materials or videos tailored to that topic.A major
breakthrough in the 2025 release was the introduction of AI-powered question generation from video
subtitles. This innovation allows teachers to quickly create comprehension and vocabulary tasks from
authentic English materials, such as TED Talks or news segments [12]. This not only saves time but

also enhances authenticity and relevance in ELT classrooms.

Furthermore, Netex supports learning analytics dashboards that visualize learner engagement
and performance metrics, enabling evidence-based instructional decisions. These dashboards are
useful for both synchronous and asynchronous English language instruction and promote a data-

informed teaching approach.
Kejarcita: Automating Assessment and Feedback

Kejarcita is an Indonesian EdTech platform that focuses on simplifying the teaching process by
automating the creation and assessment of learning materials, including for English language courses.
It is especially helpful in public and remote schools where teachers are responsible for large numbers
of students. The platform allows educators to generate quizzes by specifying subject, topic, difficulty
level, and format—such as multiple choice, short answer, or matching. AI then creates contextually
appropriate questions, often aligned with national curriculum standards [13].Kejarcita's real-time
grading engine evaluates student responses within seconds and generates detailed reports that
highlight individual and group performance. In ELT, this allows teachers to instantly assess
comprehension after a listening or reading activity and provide targeted remediation for common
errors. For instance, if most students incorrectly use the past perfect tense, the system can recommend
grammar practice tailored to that structure.The platform is mobile-friendly and integrates easily with
messaging apps like WhatsApp, making it ideal for blended or remote learning settings in low-
resource contexts. It exemplifies how AI can democratize access to quality language instruction by
reducing the administrative load on teachers and ensuring timely, personalized feedback for learners
[14].

By incorporating platforms such as Blackboard, Netex Learning, and Kejarcita into the ELT
landscape, educators can benefit from powerful Al capabilities that improve instructional efficiency,
enhance learner engagement, and support pedagogical goals. These systems exemplify how Al is not
merely a technological addition, but a strategic tool that amplifies teaching effectiveness, supports
differentiated instruction, and responds to individual learning trajectories—all of which are essential

in modern English language education.
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Conclusion

The integration of Artificial Intelligence (AI) within English Language Teaching (ELT)
constitutes a substantive advancement, yielding significant implications for pedagogical practice and
learner outcomes. This analysis has demonstrated the capacity of Al technologies to facilitate
personalized learning trajectories, optimize assessment procedures, and enhance student engagement
through adaptive and interactive modalities. The utilization of Al-driven tools, such as Large
Language Models and adaptive learning platforms, has been shown to effectively address the
heterogeneous needs of language learners, contributing to improved comprehension and

communicative competence.

Furthermore, the empirical evidence presented herein underscores the potential of Al to
streamline instructional delivery and assessment, thereby affording educators increased capacity for
student-centered activities. However, it is imperative to acknowledge the inherent limitations and
ethical considerations associated with AI implementation, including data security, algorithmic bias,
and the necessity for judicious human oversight. The nuanced dimensions of language acquisition,
encompassing cultural competence and critical thinking, necessitate a collaborative approach that

leverages Al as a complementary, rather than a substitutive, pedagogical instrument.

In moving forward, sustained research and rigorous evaluation are essential to refine Al
applications within ELT and to establish evidence-based best practices. Collaborative initiatives
involving educators, researchers, and technology developers are crucial for the development of robust
and ethical Al frameworks that align with established pedagogical principles. The judicious and
strategic integration of Al into ELT holds the potential to cultivate a more equitable and effective
language learning environment, ultimately contributing to the development of globally competent

individuals.
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O‘ZBEKISTONDA
YODGORLIKLARNI
TAMIRLASH TARIXI
(XX ASR OXIRLARIDAN
- 1980 YILLARGACHA)

nnotatsiya: Ushbu maqolada O‘rta Osiyodagi
Aarxeologik va memoriy yodgorliklarni o'rganish

hamda tamirlash ishlari tarixiy manbalar asosida
yoritilgan. XIX asr oxiri va XX asr boshlarida rus olimlari
va mabhalliy ziyolilarning sa’y-harakatlari natijasida qadimiy
obidalar tadqiq etilgan. 1920-yillardan boshlab davlat
darajasida tamirlash ishlari yolga qoyilib, Toshkent va
Samarqandda maxsus tashkilotlar tashkil etilgan. Usta-
me'morlar ishtirokida amalga oshirilgan restavratsiyalar sanat
merosini asrashda muhim rol o'ynagan. Maqola Ozbekistonda
tarixiy obidalarni saqglash va tiklash bo‘yicha olib borilgan
ilmiy-amaliy ishlar hagida mufassal ma’lumot beradi.

Kalit sozlar: Ofrta Osiyo, arxeologiya, memoriy
yodgorliklar, tamirlash tarixi, Turkiston, restavratsiya, ilmiy
ekspeditsiyalar, havaskorlar togaragi, sirlangan koshin,
madaniy meros, usta-me’'morlar, Uzkomstaris, tarixiy
shaharlar, Buxoro, Samarqgand.
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Kirish

O‘zbekiston hududi dunyodagi eng qadimiy sivilizatsiyalar beshiklaridan biri hisoblanadi. Bu
zaminda ming yillar davomida shakllangan boy tarixiy-madaniy meros, muhim ijtimoiy-siyosiy
o‘zgarishlar, ko’hna shaharlar va ulkan me’moriy yodgorliklar xalqimiz madaniy taraqgiyotining
yaqqol ifodasidir. Aynigsa, Samarqgand, Buxoro, Xiva, Toshkent, Shahrisabz kabi shaharlar o‘zining
noyob me’moriy obidalari, madaniy boyliklari bilan jahon tamadduni tarixida muhim o‘rin egallaydi.
Ushbu yodgorliklar o‘zbek xalqining qadimiy tarixini, dunyoqarashini, diniy, falsafiy va estetik
qarashlarini o‘zida aks ettiradi. Shu bois O‘zbekiston hududidagi yodgorliklarni saqlash, ularni ilmiy

o‘rganish va restavratsiya qilish dolzarb masalalardan biri bo‘lib qolmoqda.

Aynan XX asr oxiri, xususan 1980-yillar davri O‘zbekistonda yodgorliklarni ta’mirlash, asrash,
ilmiy o‘rganish ishlari keskin faollashgan bosqich bo‘ldi. Bu davrga kelib, tarixiy obidalar nafaqat
milliy o‘zlikni anglash manbai, balki siyosiy-ideologik vosita sifatida ham e’tirof etila boshlandi. Sovet
davrining dastlabki bosqichlarida, xususan 1920-1930-yillarda me’moriy obidalarni o‘rganish va
saglash borasida jiddiy harakatlar boshlangan bo‘lsa-da, bu jarayonlar ko‘pincha markazlashgan,
siyosiy ideologiyalarga bo‘ysungan shaklda olib borildi. Biroq keyingi yillarda, aynigsa XX asrning
ikkinchi yarmida, mahalliy tashabbuslar, xalq ustalari, milliy arxitektorlar va tarixchilar bu borada

muhim rol o‘ynay boshladi.

O‘zbekiston tarixiy yodgorliklari nafaqat mahalliy ahamiyatga ega, balki butun insoniyat uchun
muhim madaniy meros hisoblanadi. Shu bois ularni ta’mirlash va asrab-avaylash jarayonlari keng
ko‘lamli ilmiy, amaliy va ijtimoiy harakatni talab etadi. Aynan shu nuqtai nazardan olib qaraganda,
XX asr oxiri va 1980-yillargacha bo‘lgan davrda yodgorliklarni restavratsiya gilish amaliyotining
rivojlanishi, bu jarayonga davlat va jamiyatning munosabati, xalq ustalari va ilmiy xodimlarning

ishtiroki tarixiy ahamiyat kasb etadi.

O‘zbekiston hududida olib borilgan yodgorliklarni o‘rganish va ta’mirlash ishlari asrlar
davomida shakllanib kelgan ilmiy an’analar, xalqona tajriba va arxitektura maktablari asosida
rivojlandi. Aynigsa, IX-XII asrlardan boshlab musulmon sharq me’morchiligi doirasida vujudga
kelgan an’anaviy qurilish uslublari keyingi asrlarda ham oz ahamiyatini yo‘qotmadi. Shu sababli XX
asrning dastlabki yillarida yashab ijod qilgan me’'mor va usta-hunarmandlar avvalgi asrlarda
yaratilgan yodgorliklarni bemalol ta’mirlab, ularga yangicha naf kiritganlar. Bu holat me’moriy

uzviylik va madaniy merosga hurmat belgisi sifatida tarixiy jihatdan alohida o‘rganishga loyiq.

O‘zbekiston tarixida restavratsiya ishlari haqida dastlabki ilmiy ma’lumotlar XIX asr oxiri va
XX asr boshlariga to‘gri keladi. Bu davrda ko‘plab rus va yevropalik olimlar, tadqiqotchilar,
arxeologlar O‘rta Osiyoga kelib, geografik, arxeologik, geologik va etnografik tadqiqotlar olib
boradilar. Xususan, L.P.Fedchenko, I.V.Mushketov, V.I.Lipskiy, V.F.Oshanin va boshqalar

Turkistonning tarixiy obidalarini ilmiy asosda o‘rganish, ularni tasniflash va tahlil qilish ishlariga
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hissa qo‘shdilar. 1870 yilda tashkil topgan O‘rta Osiyo olimlari jamiyati va 1895 yilda Toshkentda
faoliyat yuritgan Arxeologiya havaskorlari to‘garagi bu boradagi dastlabki tashabbuslarni amalga

oshirgan muhim ilmiy markazlar sifatida tarixda oz o‘rnini egallagan.

Sovet hokimiyati o‘rnatilgach, yodgorliklarni saqlash masalasi davlat siyosati darajasiga
ko‘tarildi. 1920-yillarda Turkiston komiteti, 1930-yillarda esa O‘rta Osiyo tashkiloti faoliyati orqali
O‘zbekiston hududida yodgorliklarni o‘rganish, ro‘yxatga olish, ta’mirlash va saqlash ishlari
boshlangan. Shu bilan birga, ushbu davrda milliy ustachilik maktablari, aynigsa Buxoro, Xiva,
Samarqand, Toshkentda faoliyat olib borgan xalq ustalari restavratsiya jarayonlarida beqiyos rol

o‘ynagan.

Ta’kidlash joizki, XX asrning o‘rtalaridan boshlab, O‘zbekistonda yodgorliklarni saglash va
restavratsiya qilish bo‘yicha muayyan ilmiy maktablar shakllandi. K.S.Kryukov, N.M.Bachinskiy,
B.N.Kastalskiy kabi olimlar o‘zlarining ilmiy izlanishlari, maqola va tavsiyalari bilan bu sohaning
nazariy va amaliy asoslarini yaratdilar. Ularning fikr-mulohazalari, aynigsa konservatsiya uslublari,
koshinlar bilan ishlash texnologiyalari, arxitektura bo‘yicha ilmiy qarashlari restavratsiya ishlarining
sifatli bajarilishiga xizmat qildi. Shu bilan birga, ularning tajribasi asosida mahalliy ustalar bilan
hamkorlikda amalga oshirilgan restavratsiya ishlari bugungi kungacha o‘z ahamiyatini saqlab

golmoqda.

O‘zbekistonning yodgorliklarni ta’mirlash tarixida 1920-1930-yillardagi faoliyat alohida
o‘ringa ega bo‘lib, bu davrda mavjud ilmiy kadrlar, kam sonli bo‘lsada, mavjud resurslar asosida
tarixiy obidalarni asrab qolishga intilish kuchli bolgan. Ammo yuqori malakali restavrator va
konservatorlarning yetishmasligi, zamonaviy texnologiyalarning yo‘qligi ba’zan xatoliklar yoki
muvaffaqiyatsiz tajribalarni ham keltirib chiqargan. Biroq bu jarayonlar orqali ko‘plab muhim tarixiy

yodgorliklar asrab qolingan, ularning tarixiy-estetik qadriyatlari tiklangan.

Alohida e’tibor qaratish lozim bo‘lgan jihat shundaki, O‘bekiston hududida me’moriy
yodgorliklarni ta’mirlashda an’anaviy ustachilik tajribasi va ilmiy yondashuv uyg‘un holda olib
borilgan. Bu holat boshqa mamlakatlar bilan solishtirganda O“zbekistonning o‘ziga xos yondashuvini
ko‘rsatadi. Jumladan, Yevropa mamlakatlarida me'moriy restavratsiya ko‘proq texnik va
konservatsiya nuqtai nazaridan olib borilgan bo‘lsa, O‘zbekistonda bu jarayon xalqona, ruhiy-

madaniy yondashuvlar bilan boyitilgan.

Yana bir muhim jihat - bu davrda madaniy yodgorliklarni yangilash va restavratsiya gqilish
fagatgina ilmiy yoki texnik muammo bo‘lib qolmasdan, balki milliy o“zlikni saqlash, tarixiy xotirani
tiklash masalasi sifatida ham qaralgan. Aynigsa, “shaklan milliy, mazmunan sosialistik” shiori ostida
madaniyatga bo‘lgan yondashuv davlat siyosatining bir qismiga aylangan davrda, yodgorliklarni
saqlashga qaratilgan harakatlar an’anaviy me’morchilikni yo‘qotish xavfi bilan yonma-yon borardi.

Bu esa tarixiy binolarning asl giyofasini saqlab qolish masalasini yanada dolzarb qilib qo‘ydi.
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Mazkur maqolada O“zbekiston hududida XX asr oxiri - 1980-yillarga qadar bo‘lgan davrda
yodgorliklarni ta’mirlash tarixiga e’tibor qaratiladi. Jumladan, bu davrda amalga oshirilgan ilmiy
izlanishlar, davlat siyosati, xalq ustalari va arxitektorlarning roli, restavratsiya texnologiyalari, mavjud
muammolar va ularning yechimlari tarixiy asosda tahlil gilinadi. Maqola yondashuvida tarixiylik,

tizimlilik, ilmiylik va madaniy-estetik yondashuv asos qilib olinadi.

Shuningdek, maqolada XX asr boshlaridan to 1980-yillargacha bo‘lgan yodgorliklarni
restavratsiya qilish tarixidagi asosiy bosqichlar, ijtimoiy-siyosiy sharoitlar, tashkiliy tuzilmalar
(Turkkomstaris, Sredkomstaris, O‘rta Osiyo tashkiloti) faoliyati, xalq ustalari bilan ilmiy guruhlar
hambkorligi, me’moriy uslubiyatlarning davomiyligi, tarixiy yodgorliklarning konservatsiyasi va

estetik tiklanishi masalalari chuqur tahlil gilinadi.

Asosiy gism

O‘zbekiston hududi qadimiy sivilizatsiyalarning markazi bo‘lgan. Bu yerda yuzlab yodgorliklar,
madaniy meros obidalari mavjud. 1980-yillarga kelib, ularni saglab qolish, restavratsiya gilish va ilmiy
asosda o‘rganish dolzarb masalaga aylandi. Sovet davrida ushbu jarayonlar markazlashgan holda olib
borilgan bo‘lsa-da, mahalliy tashabbuslarning roli ham katta bo‘lgan. Ushbu maqolada aynan XX asr
oxiri — 1980-yillarga qadar bo‘lgan davrda O‘zbekistonda yodgorliklarni ta’mirlash tarixiga e'tibor
qaratiladi.

O‘rta Osiyo kop asrlar davomida, insoniyat tarixidagi ko‘hna sivilizasiya beshiklaridan biri
bolgan. Bu olkada yashab o‘tgan xalglar jahonga dong taratgan moddiy va ma’naviy
yodgorliklarning durdona namunalarini yaratganlar. Shu bilan bir qatorda, bu o‘lka o‘zining tabiiy
boyliklari orqali chet elliklarni ko‘p asrlar mobaynida o‘ziga jalb qilib kelgan. Bu o‘lka boyliklari
ko‘proq inglizlar va ruslarni qizigtirgan. Ular bir necha o‘n yilliklar davomida turli xil ekspedisiyalar

tashkil etib, O‘rta Osiyoni har tomonlama o‘rganishga harakat qilganlar.

O'rta Osiyoga Rossiyadan juda ko‘plab olimlar, mutaxassislar kelib, geografik, geologik,
mineralogik tadgiqotlar o‘tkazadilar. Turkistonning hayvonot va nabotot olamini, xalqlarning tarixi,
turmush tarzi, urf- odatlari va tilini o‘rganadilar. Masalan, L.P.Fedchenko va O.A.Fedchenkolar
fizika, geografiya, geologiya, antropologiya va etnografiya rivojiga hissa qo‘shishgan. Geolog va
geograf [.V.Mushketov Turkistoning geologik tuzilishi to‘g‘risidagi ilmiy konsepsiyani ilgari surdi va
«Fizik geografiya» asarini yozdi. A.P.Seversev, G.D.Romanovskiy, V.L.Komarov, V.ILipskiy,
V.F.Oshanin, A.I.LKrasnov va boshqa ko‘plab olimlar Turkistonda ilm-fanni rivojlantirishda hamda

yodgorliklarni o‘rganish borasida ko‘p ishlar qilishdi.

1870 yilda O‘rta Osiyo olimlari jamiyati paydo bo‘ldi. Bu jamiyat 0z oldiga O‘rta Osiyo tarixi,
geografiyasi, etnografiyasiga va tarixiga oid ma’lumotlarni to‘plash, ishlash va tarqatishni maqsad

qilib qo‘ygan edi.
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O‘lkada ishlab turgan havaskor arxeologlar 1895 yilda Turkiston arxeologiya havaskorlari
to‘garagiga birlashdi. To‘garak a’zolarining to‘plagan haqikiy ma’lumotlari, ilk marta topgan
materiallari undan keyingi tadqiqotchilar uchun yordamchi material boldi va o‘tmish
yodgorliklarining zamon o‘tishi bilan yo‘qolib ketgan ko‘p tafsilotlarini, shu yodgorliklar bilan
bogliq bo‘lgan folklor va yozma manbaalarni qayd qilish imkonini berdi. To‘garak a’zolarining
o‘rtaga qo‘ygan masalalari va mulohazalari, garchi munozarali va zamon sinoviga bardosh bera
olmagan bo‘lsada, har xolda butun davr uchun shubhasiz katta ahamiyatga ega edi. Ularning bu

ishlari tadqiqotchilik fikrining rivojlanishiga turtki bo‘ldi, unga ilmiy jamoat diqqatini tortdi.

Shu tariga O‘rta Osiyoning moddiy va madaniy yodgorliklari, gqimmatbaho buyumlari, nodir
qo‘lyozmalari chet mamlakatlarga olib ketildi. Rus olimlari bilan bir qatorda, ilg‘or fikrli mahalliy
ziyolilar ham qadimgi yodgorliklarni avaylab-asrash, ularni kelajak avlod uchun saglab qolish hamda

mubhofaza qilishda oz hissalarini qo‘shdilar.

O‘rta Osiyodagi qadimiy yodgorliklarni o‘rganishga avvaldan e’tibor berilgan. O‘rta Osiyoga
kelgan har bir kishi uning boy merosiga lol qolar edi. Turkiston haqidagi tasodifiy va qisman
kuzatuvlar gazetalarda, ayniqsa, Toshkentda “Turkestanskiye vedomosti” (1870-1917) jurnalida
magqolalar sifatida chop etila boshlandi. Arxeologiya va osori-atiqalarni saqlash sohasida
“havaskorlar” bilan bir qatorda O‘rta va Sharqiy Osiyoni o‘rganuvchi ilgarigi imperator Arxeologiya
Komissiyasi va keyinchalik Rus qo‘mitasi ilmiy izlanishlar olib bordi. Ular tomonidan ajratilgan pul
mablag‘lari hisobiga arxeologiya qazilma ishlari, yodgorliklarda esa tekshirish ishlari olib borildi.
Turkistondagi qadimiy yodgorliklarni o‘rganishga 1895 yildan 1917 yilgacha Toshkentda faoliyat
ko‘rsatgan Arxeologiya havaskorlar to‘garagi ko‘p yordam berdi. 1917 yildagi siyosiy voqyealar O‘rta
Osiyodagi qadimiy yodgorliklarni saglash va o‘rganish bo‘yicha olib borilayotgan madaniy ishlarni
to'xtatib qo‘ydi. Faqat 1920 yilda Toshkentda yana qaytadan O‘rta Osiyo qadimiy yodgorliklarini
organish va saqlash uchun uyushma tashkil etish zaruriyati hagida fikr tugfladi. Nihoyat
Turkistondagi me’moriy yodgorliklarini saqlash, ta’mirlash masalalari bo‘yicha mahalliy ilmiy

kuchlardan ba’zilari birlashtirildi va bu ishlarga markazdan (o‘sha paytdagi) vakillar jalb gilindi.

O‘zbekiston me’moriy yodgorliklarini ta’mirlash amaliyoti tarixini tadbiq etish shuni
ko‘rsatadaki, bu sohadagi muammolar, XX asrning yigirmanchi yillaridan boshlangan. Chunki, IX-
XII asrlardan boshlab Markaziy Osiyoda islom dini ta’sirida yangicha me’'moriy yo‘nalish yuzaga
kelgan va u XX asrgacha uzviy rivojlanib borgan. Shu tufayli IX-XII asrlarda yaratilgan biror bir
inshootning me’moriy va konstruktiv tuzilishi XX asr boshlarigacha yashab ijod etgan O‘rta Osiyolik
mutaxassislarga tushunarli bo‘lgan. Binobarin XX asr boshlarida aytarli har bir me’mor o‘zidan oldin
yaratilgan inshootlarni bemalol tamirlay olgan. Buni XX asrda yaratilgan Buxorodagi Olimxon
madrasasi, Samarqanddagi Panjob madrasasi, Xiva Ichan qal’asidagi minora, madrasa,
karvonsaroylar hamda Toshkent, Samarqand, Buxoro, Shahrisabz, Qo‘qon, Andijon va boshqa

shaharlarda XIX-XX asrlarda qurilgan masjidlarning o‘rta asr imoratlari bilan badiiy va konstruktiv
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mushtarakligida ham ko‘rish mumkin. Shu tufayli bo‘lsa kerak M.K.Axmedovning yozishicha, O‘rta
Osiyoda «ta’mirlamoq» so‘zi XX asrning o‘rtalarigacha, ayni paytda ham yangitdan qurishni ham eski

imoratni yangilashni anglatgan[1].

Yevropadan fargli o‘laroq, Toshkent, Samarqand, Buxoro, Xiva, Andijon yoki O‘zbekistonning
boshqa shaharlarida XIX asr oxiri XX asr boshlarida qurilgan masjid, madrasa, karvonsaroy quruvchi
va me’morlari IX-X yoki XIX-XX asrlarda qurilgan shunday imoratlarni qiynalmasdan ta’mirlay

olardi. Chunki uning shakllanishi asosida umumiy me’moriy va badiiy qonuniyatlar yotardi.

O‘zbekiston me’'moriy obidalarini ta’mirlash ishlari XIX asr boshidan o‘rganila boshlandi.
Lekin tarixiy shaharlarning gullab yashnagan davrida binolarni ta’mirlash, qurish borasida bir qancha
ishlar olib borilganligi ham tarixiy manbalardan ma’lum. Masalan, XIV asr oxiri Temuriylar davrida
XII-XIIT asrlarga taallugli musulmonlarning muqaddas joylari - Chashmai Ayub, Turk Jondi,
Sayfetdin Baxorzi maqbaralari ilgarigi asosda ta’mirlandi. Shuningdek, XVI asr Shayboniylar davrida
ham XII asrga taallugli bolgan - Magoki Attoriy, Namozgoh masjidlari mustahkamlanib, qayta

tiklandi va Ulug‘bek madrasasi ta’mirlandi.

Tarixiy shaharlar me’'moriy obidalariga taallugli bo‘lgan ta’mirlash ishlari bo‘yicha ba’zi bir
fikrlar umumiy tarzda O‘zbekiston yoxud yaxlit O‘rta Osiyo obidalari asosida maqolalarda gisqacha
bayon etilar edi. Bu borada, ayniqgsa, olim bir qancha ta’mirlash ishlarining muallifi va ishtirokchisi
K.S.Kryukovning maqolalari juda gadrlidir[2]. Bu maqolalarda Buxoro me’morchilik obidalarini
ta’mirlashga taalluqli bo‘lgan maxsus izlanish va taxminiy rejalar ko‘rsatib o‘tilgan edi. Shunday qilib,
1920 yilda Maorif Xalq Komissiariatida (Narkompros), 1921 yili muzey ishlari, qadimiy me’moriy
obidalarni saqlash bo‘yicha Turkiston komiteti (Turkkomstaris) tuzildi. 1925 yilda bu tashkilot O‘rta
Osiyo Qo‘mitasi (Sredkomstaris), 1932 yilda esa O‘rta Osiyo tashkiloti deb nomlanib, respublikaning
tarixiy shaharlarida o‘z tashkilotlarini ochdi. Uning markaziy idorasi Toshkent shahrida joylashgan
edi. Unga D.I.Nechkin rahbarlik qildi. O‘rta Osiyodagi yodgorliklarni ta’mirlash bilan bog'liq bo‘lgan
barcha ilmiy savollar Muzeylar bolimi tomonidan tashkil etilgan maxsus komissiya doirasida
oldindan ishlab chigilardi. Dastlab bu komissiya guruhiga D.S.Markov, 1923 yildan boshlab esa uning
sog‘ligi yomonlashganligi sababli, I.V.Rulskiy, keyinchalik D.P.Suxov, N.B.Baklanov, I.R.Levinson,
B.N.Zaspipkin, B.P.Denike va boshqalar raislik gildilar.

O‘rta Osiyodagi Buxoro tashkilotida (Buxkomstaris) taniqli arxeolog V.A.Shishkin
boshchiligida I.I.Umnyakov, Musa Saidjonov kabi bir qancha tadqgiqotchilar ishladilar. Ta’mirlash
ishlarini ular xalq ustalari - Usta Ibroxim Xafizov, Raxim Xayatov, Shirin Muradovlar bilan
hambkorlikda olib bordilar’®. Yuqori malakali kadrlarning yetishmasligi, ma’lum bir uslubiyatni
to‘laqonli amalga oshirilmasligi, yuqori darajali restavrasiyani vujudga keltirmas edi. Shuning uchun
ham o‘sha davrda tashkilotning asosiy vazifasi kichik ta’mirlash ishlarini amalga oshirish yoki

buzilayotgan fragmentlarini qisman saqlab qolish bilan keyingi paytda yetadigan zararlarni oldini
olish edi.


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 Volume 2, Issue 2

20-30 vyillarda O‘zbekistonning qadimiy shaharlarida buzilayotgan fragmentlarni gisman
saglab qolish usuli bilan keyingi paytda yetadigan zararlarni oldi olinar edi.

20-30 yillarda Buxoroda N.M.Bachinskiy rahbarligida yemirilayotgan sirlangan koshinlarni
ganch qorishmasi bilan konservasiya qilish orqali yodgorliklar buzilishining oldini olishmogqchi
bo‘lishdi. Lekin bu tajriba muvaftaqiyatli chigmadi, balki binoning eski bezaklari oq dog‘larga aylandi,
xolos. Bu borada K.S.Kryukov o‘z fikrini bildirib, «bu ishlarni quyidagi o‘rganilgan tajriba asosida,
ya’'ni koshinni mozaika tarzida olib, uni eski qorishmalardan tozalab, tushib ketgan joylariga terrakota

yoki kesma mozaika bloklarini joylashtirish mumkin edi»[3].
1922 yilda B.N.Kastalskiy oq ganch shtukaturkasi rangini tabiiy

«qizil-kesak» bo‘yogi bilan bo‘yashni sinab ko‘radi. Bu esa yanada mukammalroq ta’mirlash
yechimini yuzaga keltirdi. Masalan, Bachinskiyning muqobil uslubi bo‘yicha Mir-Arab madrasasini
ta’mirlashda ishlatilgan suvalgan koshin va qorishma Usta Shirin ko‘magida tushirib tashlanib,

sirlangan bezak bloklarni oz joyiga yangi qorishma yordamida joylashtirdilar[4].

Nihoyat, XX asrning 20-yillaridan boshlab sharoit keskin o‘zgardi. «Shaklan milliy,
mazmunan sosialistik» degan shior ostida chekka o‘lkalar xalqlari madaniyati yangilandi. Yangicha
san’at yaratish niqobi ostida bir necha o‘n yillik davomida an’analarni asrab kelgan usta-me’morlar
sulolasi yo‘qola boshladi. Natijada, bugungi avlod ota-bobolari merosini tiklash uchun san’at sirlarini

maxsus o‘rganish ehtiyoji yuzaga keldi[5].

O‘zbekistoning tarixiy shaharlari qatorida inqiroz arafasida turgan XV-XVII asrlarga oid
mahobatli sirlangan koshinli binolar bezaklarini ta’mirlash muammo darajasida edi. Devor satxining
katta maydonda yo‘qolgan koshinlar va guldor sopol bo‘laklarini qayta tiklash uchun ularni maxsus

ustaxonalarda tayyorlash kerak edi.

1925-1935 yillarda Samarqgand sopol tayyorlash ustaxonasida qadimgi usullarni o‘zlashtirgan
holda, sirlangan koshin bo‘laklari aslidan farqlanmagan ravishda namuna sifatida tayyorlay
boshladilar. Shu tarzda 30-yillar oxiridan boshlab binolarni to‘liq qayta tiklash ishlari xujjatlar asosida

amalga oshirila boshlandi.

1940 yildan boshlab Camarqandda Uzkomstaris boshchiligida ta’mirlash jarayonlari uchun
zarur bo‘lgan ustalar tayyorlash kurslari ochildi. U yerda usta Shirin Murodov ta’lim berib, yosh

iqtidorli ustalarni tayyorlash bilan restavrasiya maktabini ochishga zamin yaratdi[6].

1943 yilda “Uzkomstaris” o‘rniga me’moriy yodgorliklarni saqlash bo‘yicha boshqarma qoshida
ta’mirshunoslik ishlari bo‘yicha to‘rt kishidan iborot maxsus bo‘lim ochildi. Ulug® Vatan urushining
so‘nggi yillarida VSIKning qaroriga asosan «arxetekturadagi ortiqcha bezakdorlikka qarshi kurash»
shioriga binoan, ta’mirlash ishlariga taxminan 10 yil davomida kam vositalar ajratilib, asosan

mubhofaza, qayta tiklash ishiga va tezroq xalq uchun uy-joy qurishga qaratildi.
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Siyosiy va madaniy muhit. XX asrning ortalaridan 1980-yillargacha bo‘lgan davrda
O“zbekistonda yodgorliklarni ta’mirlash va saqglash ishlari muayyan siyosiy va madaniy kontekstda
olib borilgan. Bu jarayonlar Sovet Ittifoqi siyosiy tuzumining mafkuraviy yo‘nalishlari,
markazlashgan boshqaruv tizimi hamda mahalliy madaniy ong va milliy o‘zlikning uyg‘onish

jarayonlari bilan chambarchas bog‘liq bo‘lgan.

Sovet mafkurasi va tarixiy merosga yondashuv. Sovet siyosati dastlabki bosqichda diniy va
milliy yodgorliklarga nisbatan befarq, bazida dushmanona munosabatda bo‘lgan. Ayniqgsa, 1920-
1930-yillarda diniy binolar (masjid, madrasa, magbaralar) yopildi, ularning ba'zilari butunlay buzib
tashlandi yoki boshqa magqsadlarga moslashtirildi. Bu siyosat “ateistik targ‘ibot” doirasida olib
borilgan edi.

Biroq 1950-1960-yillardan boshlab tarixiy merosga nisbatan yondashuv asta-sekin o‘zgarib
bordi. Sovet hukumati tarixiy obidalarni xalq san’ati va me’morchiligining namunalari sifatida qayta
baholay boshladi. Aynigsa, O‘zbekiston hududidagi obidalar — Sharq me’morchiligining durdonalari
sifatida e’tirof etila boshlandi. Bu yondashuv madaniy turizmni rivojlantirish va Sovet xalqlari

madaniy boyligini targ‘ib gilish bilan bog'liq edi.

Mahalliy ziyolilar va milliy uyg‘onish.60-80-yillarda O‘zbekistonda tarixiy-madaniy merosni
himoya qilish harakati faollashdi. Mahalliy olimlar, me’morlar va adabiyotshunoslar tomonidan
milliy qadriyatlar va tarixiy yodgorliklarning saglanishi borasida bir gancha maqolalar, chigishlar va
murojaatlar amalga oshirildi. Bu harakatlar G‘afur G‘ulom, Sharof Rashidov kabi ziyolilar tomonidan

qo‘llab-quvvatlangan bo‘lib, milliy o“zlikni anglashning muhim bosqichiga aylandi.

Madaniy siyosat va ta’lim muassasalari roli. O‘zbekistonda madaniyat vazirligi, san’at
institutlari va arxitektura oliy o‘quv yurtlari yodgorliklarni o‘rganish va ta’mirlash ishlariga bevosita
jalb etilgan. Oliy ta’lim muassasalarida restavratsiya bo‘yicha mutaxassislar tayyorlanib, ular
keyinchalik yirik loyihalarda ishtirok etganlar. Shu bilan birga, muzeylar, kutubxonalar va san’at
galereyalari orqali xalqning tarixiy ongini shakllantirishga qaratilgan ko‘plab madaniy tadbirlar
tashkil etildi.

Xalqaro hamkorlik va UNESCO roli. 1970-yillardan boshlab O‘zbekiston yodgorliklarini
saqlashda xalqaro tashkilotlar, xususan UNESCO bilan hamkorlik kuchaydi. Xiva shahrining Ichan
qal’asi, Buxoro va Samarqanddagi obidalar xalqaro ekspertlar ishtirokida restavratsiya qilinib, butun
insoniyatning madaniy boyligi sifatida e’tirof etildi. Bu esa O‘zbekistonning tarixiy merosini saqlash

borasidagi siyosatini mustahkamlashga xizmat qildi.

Cheklovlar va muammolar. Shunga qaramay, siyosiy senzura va byurokratik to‘siglar tufayli
ko‘plab yodgorliklar e’tibordan chetda qolgan. Markaziy hukumatning resurslarni tagsimlashdagi
notengligi, ba’zan yodgorliklarni “ikkilamchi” deb baholashi sababli ularning ba’zilari yemirilgan

holda qolgan. Mahalliy tashabbuslar esa har doim ham moliyaviy yoki huquqiy qo‘llab-quvvatlashga
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ega bo‘lmagan.

O‘zbekistonda yodgorliklarni ta’mirlash tarixi XX asr oxiri — 1980-yillargacha bo‘lgan davrda
murakkab siyosiy, ilmiy va madaniy jarayonlar fonida shakllangan. Bu davr mobaynida Sovet
Ittifogining matkuraviy yondashuvi, markaziy boshqaruv tizimi va mahalliy tashabbuslarning
kesishgan nuqtasida tarixiy obidalarni saglash va restavratsiya qilish bo‘yicha muhim natijalarga
erishildi. Ilmiy ekspeditsiyalar, me’'moriy tahlillar va restavratsiya texnologiyalarining joriy etilishi

orqali qadimiy shaharlar, masjidlar, madrasalar va boshqa yodgorliklar tarixiy ko‘rinishiga yaqin
holda tiklandi.

Shuningdek, bu davrda professional usta-me’morlar, havaskorlar to‘garaklari, arxitektorlar va
madaniyat sohasidagi mutaxassislarning sa’y-harakatlari bilan xalq me’morchiligi an’analari asrab
golindi. Ularning ishtiroki bilan koshinkorlik, gumbazsozlik, nagshkashlik kabi milliy san’at turlari
qayta tiklandi va restavratsiya jarayonlarida faol qo‘llanildi. Yodgorliklar atrofidagi infratuzilmaning
rivojlanishi ularni faqat tarixiy obidalar sifatida emas, balki madaniy-turistik resurslar sifatida ham
qayta baholash imkonini berdi. Shu yo‘l bilan restavratsiya ishlari nafagat madaniy merosni asrash,

balki mahalliy iqtisodiyot va ijtimoiy hayotga ijobiy ta’sir ko‘rsatdi.

Biroq, ayrim holatlarda siyosiy cheklovlar, byurokratik to‘siglar va resurslarning yetishmasligi
sababli ayrim obidalar e’tibordan chetda qolgan. Shunga qaramay, ushbu davr yodgorliklarni asrash
tarixida yangi bosqichni boshlab berdi va keyingi mustaqillik yillarida bu ishlarning davom etishiga
zamin yaratdi. Shunday qilib, XX asr oxiri — 1980-yillargacha bo‘lgan ta’mirlash ishlari O“zbekiston
tarixiy-madaniy merosini saqlab qolish va uni kelajak avlodlarga yetkazish yo‘lida muhim bosqich

bo‘lib xizmat qildi.

Xulosa

O‘zbekiston hududidagi me’moriy yodgorliklar — bu xalqimiz tarixiy tafakkuri, madaniy
saviyasi, estetik didi va diniy-falsafiy dunyoqarashining moddiy timsolidir. Ushbu yodgorliklarning
asrlar osha saglanib kelgani, ularning ayrimlari bugungi kungacha oz qiyofasini saqlab qolgan bo'lsa,
boshqalari ta’mir-tiklash, restavratsiya jarayonlari orqali asrab qolingan. XX asrning ikkinchi yarmi
va ayniqgsa 1980-yillargacha bo‘lgan davr ushbu faoliyatning tarixiy, ilmiy va madaniy jihatdan eng
murakkab, ammo eng samarali bosqichlaridan biri hisoblanadi. Mazkur maqola doirasida olib
borilgan tahlillar, tarixiy dalillar, ilmiy manbalar va arxiv materiallari asosida quyidagi xulosalarga

kelish mumkin.

1. Yodgorliklarni ta’mirlash amaliyoti tarixiy-madaniy xotirani saglashning muhim vositasidir.
Tarixiy yodgorliklarni saqlash, ta’mirlash va qayta tiklash ishlari O‘zbekistonning madaniy xotirasini
avlodlarga yetkazishdagi eng muhim omil hisoblanadi. Bu nafagat o‘tmishga bo‘lgan hurmat, balki

bugungi va kelgusi avlod uchun milliy o‘zlikni anglash, tarixiy merosga daxldorlik tuyg‘usini
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kuchaytirish vositasidir. 1980-yillargacha olib borilgan restavratsiya ishlari ko‘plab yodgorliklarning
yo‘q bo‘lib ketishining oldini olib, ularni qayta jamiyatga qaytardi. Aynigsa, Samarqand, Buxoro,
Xiva, Toshkent va Shahrisabzdagi restavratsiya loyihalari shuni ko‘rsatadiki, bu jarayon faqat texnik

tiklash emas, balki madaniy g‘amxo‘rlik va ma’naviy tiklanish vositasiga aylangan.

2. Sovet davrida yodgorliklarga nisbatan munosabat murakkab va qarama-qarshi bo‘lgan.
Tadqiqot davomida aniqlanishicha, Sovet davrining dastlabki bosqichlarida yodgorliklarni saglashga
ijjobiy munosabatda bo‘linsa-da, keyinchalik bu jarayon siyosiy ideologiyaga bo‘ysundirilgan. Shu
bois ko‘plab diniy va tarixiy obidalar yo‘q qilindi yoki boshqa maqsadlarga moslab qayta qurildi. Biroq
1950-1980-yillar oralig‘ida yodgorliklarni saqlash va restavratsiya qilish davlat siyosatining muhim
yo‘nalishiga aylana boshladi. Bu holat O‘“zbekistonning tarixiy merosini saqlab qolish borasida

ma’lum darajadagi siyosiy ijobiylikni ko‘rsatadi.

3. Restavratsiya amaliyotining asosiy ishtirokchilari - xalq wustalari, arxitektorlar va
tarixchilardir. Maqolada ta’kidlanganidek, XX asrning ikkinchi yarmida olib borilgan restavratsiya
jarayonlarida xalq ustalari, ustoz me’'morlar, tarixchilar, etnograf va arxitektorlar faol ishtirok etgan.
Bu esa ilmiylik bilan xalqona tajribaning uyg‘unlashuvini ta’'minlagan. Jumladan, mashhur ustalar —
Komiljon Qurbonov, Mahmud To‘raqulov, Sharif Mo‘minov, Saidazim Qoriyev va boshqalar oz
ishbilarmonligi bilan ko‘plab tarixiy obidalarni tiklashga hissalarini qo‘shganlar. Shuningdek,
B.N.Kastalskiy, N.M.Bachinskiy kabi olimlarning nazariy tavsiyalari bu sohada ilmiy yondashuvni
shakllantirgan.

4. Davlat va jamoatchilikning hamkorligi yodgorliklarni saqlashda hal giluvchi omil bo‘lgan.
1980-yillargacha yodgorliklarni restavratsiya qilish jarayonida davlatning rasmiy tashkiliy tuzilmalari
— O‘zbekiston Respublikasi Fanlar akademiyasi, Madaniyat ishlari boshqarmasi, "Uzrestavratsiya"
tashkiloti va boshqa idoralar orqali ushbu faoliyatni muvofiqlashtirish ishlari boshlangan. Shu bilan
birga, jamoatchilikning, ya’ni mahalla faollari, ustalar, ziyolilar va hatto oddiy fuqarolarning ishtiroki
bilan bu jarayon keng ko‘lamli ijtimoiy harakatga aylangan. Ayniqsa, xalq orasida tarixiy obidalarga
nisbatan hurmat, ularni ta’mirlashga bo‘lgan ijobiy munosabat ushbu sohani rivojlantirishda muhim

omil bo‘lgan.

5. Restavratsiya sohasida ilmiy asoslangan metodologiyalar shakllangan. Yodgorliklarni
restavratsiya qilish jarayonida XX asr davomida bir qator ilmiy metodikalar shakllandi. Jumladan,
“konservatsiya” (saglab qolish), “reintegratsiya” (yo‘qolgan qismlarni to‘ldirish), “reabilitatsiya”
(funktsional yangilanish) kabi tamoyillar asosida yondashuvlar vujudga keldi. Shu jarayonda ilg‘or
texnologiyalar bilan birga, an’anaviy usullar — ganchkori, koshinkori, yog‘och o‘ymakorligi, devoriy
naqqoshliklar qayta tiklanib, asl uslubiyatga sodiq qolgan holda ishlov berildi. Bu esa restavratsiya
amaliyotining san’at, tarix, arxitektura va falsafiy dunyoqarashlar bilan uyg‘un holda rivojlanganini

ko‘rsatadi.
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6. Yodgorliklarni saqlashdagi muammolar ham mavjud bo‘lgan. Maqolada keltirilganidek, XX
asrda olib borilgan yodgorliklarni ta’mirlash ishlarida qator muammolar ham yuzaga kelgan.
Jumladan, yuqori malakali restavrator kadrlar tanqisligi, texnik vositalarning yetishmasligi, ayrim
hollarda byurokratik to‘siglar, obidalarni o‘rganishdan ko‘ra ularni shunchaki “yangilash”ga
qaratilgan noto‘g’ri yondashuvlar, tarixiylik prinsipiga zid bo‘lgan “zamonaviylashtirish” tajribalari
mavjud bo‘lgan. Ayniqsa, ko‘p hollarda restavratsiya jarayonida tarixiy hujjatlar asosida emas, balki

tasavvur asosida ishlov berilgan holatlar ham kuzatilgan.

7. Madaniy merosni saqlash - kelajak avlodlar oldidagi burchdir. O‘zbekiston tarixiy
yodgorliklarini restavratsiya qilish borasidagi tajriba shuni ko‘rsatadiki, bu jarayon o‘z-o‘zicha
yakunlanmaydi. Aksincha, har bir davr, har bir avlod madaniy merosga oz munosabatini bildirish
orqali uni saglaydi yoki yo‘q giladi. Shu bois, 1980-yillargacha shakllangan restavratsiya maktablari,
ustachilik tajribalari, ilmiy metodologiyalar bugungi kunda ham dolzarb bo‘lib, ulardan kelajak avlod
foydalanmog'i lozim. Madaniy merosni saqlashga bo‘lgan ijtimoiy mas’uliyat kuchaytirilmasa, tarixiy

obidalar, ularning estetik va ruhiy qadriyatlari yo‘qolib ketishi xavfi mavjud.

8. Tadqiqotda qo‘yilgan magqgsadlar amalga oshdi va istigbolli yo‘nalishlar belgilandi. Ushbu
magqola doirasida XX asr oxiridan 1980-yillargacha bo‘lgan davr mobaynida O‘“zbekistonda
yodgorliklarni ta’mirlash bo‘yicha amalga oshirilgan faoliyat tarixiy, madaniy va ilmiy tahlil etildi.
Asosiy bosqichlar, ishtirokchilar, usullar, yondashuvlar, muammolar va natijalar har tomonlama

yoritildi. Shu asosda kelajak tadqiqotlari uchun quyidagi istigbolli yo‘nalishlar tavsiya etiladi.
Tavsiyalar:

1. Yodgorliklar bo‘yicha kompleks reestrlar yaratish: Har bir tarixiy obida haqida batafsil

ilmiy, texnik, madaniy va tarixiy ma’lumotlar jamlangan elektron bazalarni yaratish kerak.

2. Mahalliy restavrator kadrlar tayyorlash: An’anaviy ustachilik bilimlarini zamonaviy
texnologiyalar bilan uyg‘unlashtira oladigan malakali mutaxassislar tayyorlash bo‘yicha o‘quv

dasturlarini kengaytirish zarur.

3. Xalqaro hamkorlikni kuchaytirish: UNESCO, ICOMOS kabi xalqaro tashkilotlar bilan

yodgorliklarni saglash borasidagi tajriba almashinuvini kengaytirish lozim.

4. Yoshlar ishtirokini ta’minlash: Yodgorliklarni asrab-avaylash borasidagi harakatlarni

yoshlar ongiga singdirish, ularni ushbu jarayonlarga jalb gilish zarur.

5. Fanlararo tadgiqotlarni rag'batlantirish: Me’moriy yodgorliklarni o‘rganishda tarix,
arxitektura, arxeologiya, sotsiologiya va antropologiya fanlari orasidagi integratsiyani kuchaytirish
kerak.
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6. Qonunchilikni takomillashtirish: Yodgorliklarni restavratsiya qilish va ularni tijorat
magqsadlarida ekspluatatsiya qilish orasidagi farglarni aniq belgilovchi normativ-huquqiy hujjatlar

ishlab chiqilishi lozim.

O‘zbekiston tarixiy merosining muhim qismi bo‘lgan me’moriy yodgorliklar, ular ustida olib
borilgan restavratsiya amaliyotlari — bu xalqimizning o‘z o‘tmishiga bo‘lgan munosabati, ma’naviy
qadriyatlarga sodigligi va tarixiy xotirasi ramzidir. XX asr oxiri va 1980-yillargacha bo‘lgan davr
ushbu jarayonning shakllanishi, tajriba orttirilishi, ilmiy metodologiyalarning yaratilishi bilan ajralib
turadi. Bu davrda shakllangan tajriba va bilimlar bugungi kunda ham oz ahamiyatini yo‘qotmagan

bo‘lib, uni chuqur o‘rganish, rivojlantirish va avlodlarga yetkazish bizning tarixiy mas’uliyatimizdir.
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BHYTPEHHSAA 3ATAYA
HEVIMAHA 014
SIUIMIITUNYECKOTIO
YPABHEHUV S C TPEMSA
CUHIYISIPHBIMU
KOO PUIIMMEHTAMMU

HHOTaLMA: 3Hasd, 4YTO BHYTpeHHAA 3ajaya Helimana
IIA  SJUIMINTUYECKMX  YPaBHEHMM  IIOCTaBJIeHa
HEKOPPEKTHa, B HACTOAIIell paboTe YCTaHOBJIEHO
Heo0XO/[IMOe yC/IOBJeCYI[eCTBOBAHA pellIeHV I BHY TPEHHeI
3ajjaunm  Heiimana 14 TpPeXMEpPHOrO  SUIMIITUYECKOTO
YyPaBHEHNA C TpeMs CHUHTYIAPHBIMM Kod(duIeHTaMu u
II0Ka3aHO, 4TO JIFOObIe /IBe pelIeHNs ITOCTaB/ICHHON 3aa4n
OT/IMYAIOTCA APYT OT JPYra Ha IIOCTOSAHHOE C/IaraeMoe, Ipu
3TOM MCKOMBI€E PEllIeHNA BBIIIVICAHbI B ABHOM BUJIE.
KmroueBble cnmoBa: BHYTpeHHAA 3ajjada Helimana,
TPEXMEPHOE CUHIYIAPHOE S/UIMITUYECKOE YpaBHEHME,
HeoOXOMMOe yC/IOBYME CYIeCTBOBAHMA pelieHNs, QyHKINA
[pnHa, pyHmaMeHTa/IbHOE pellleHNe
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BBemenune

Teopus KpaeBbIX 3a/jad /Il BBIPOXKJAIOUIVXCA YPAaBHEHUI M ypaBHEHMII C CUHTYIAPHBIMU
Koo puIVIeHTaMM ABJIACTCA OFHMM U3 IIeHTPATbHbIX Pasfie/loB COBPEMEHHO TeOpUM YpaBHEHUI B
YaCTHBIX TPOM3BO/IHBIX. BIpOosKatoImmecs s/UIMNTUYECKNe YPAaBHEHNA BCTPEYAIOTCA MIPYU PELIeHNN
MHOTUX Ba)XHBIX BOIIPOCOB IIPMK/IAJHOTO XapaKTepa (Teopyy MalbIX M3IMOAHUI ITOBEPXHOCTE
BpalljeHNs, 6e3MOMEHTHOI Teopuu 060/104eK 1 T.1.). Oco60 BayKHYIO pO/Ib UTPAIOT TaKye ypaBHEHMA
B rasoBoii AuHamuke. CBA3b TeOPUM CHUHTYIAPHBIX S/UIMITUYECKMX YPaBHEHMII C Teopueit

SINIITUIECCKNUX YpaBHeHI/IIU/I II03BO/INMIA IIPYUMEHUTD K Hell METOObI, pa3pa6OTaHHbI€ 1A IIOC/TIEMHUX.

BaxneilmuMy KpaeBbIMM 3aJjadaMy /I S/UIMITUYECKOTO YPaBHEHUA BTOPOTO IOpAfKA
ABNAIOTCA 3afa4da [Jupuxie (mepBas Kpaepas 3ajjada) 1 3agada HelimaHa (BTopas kpaeBas 3ajiaya).
Vmeercs emé cMelraHHas 3afava (TpeThs KpaeBas 3ajava), B KOTOPOIl TpeOyeTcs HailTy pellleHue
SJUINIITUYECKOTO YPaBHEHNs, YAOBIETBOPAIOLIETO B OJHON YacTV TI'PAaHMIIBI pacCMaTpUBAEMOI
obnmacty ycnosuio Jupuxie, a B ocTaibHON 4acTu — ycnoBuio Helimana. CrenmanbHbIl aHalIoOT
CMeIIaHHOV 3ajayy HasbpiBaeTcs 3ajadeit Xonbmrpena (Holmgren E.) [1], mo mMenu ydeHoro,
BIIEPBBIE MCCIEJ0BABILIErO TAKYIO 3a/lavuy /71 ypaBHEHUA

uxx+uyy+%uy:0,0<2,6’<1,y>0. (1)

V3n0>eHMe OCHOBHBIX Pe3y/IbTaTOB IO MCC/EJOBAHMIO KPaeBbIX 3afjad A ypaBHeHms (1)

COZIepP>KUTCA B KHuTE [2].

ViccnemoBaHme KpaeBbIX 3afad i NPOCTPAHCTBEHHOIO CHUHTY/ISPHOTO S/UIMITUYECKOTO
ypaBHeHMs1 Oeper cBoe Havano ¢ pabor C.Agostineli [3], koTopslt B 1937 1. paccMoTpen 3amady
Jlupuxiie mis TpeXMepHOTO S/UIMIITIYECKOTO YPaBHEHMA C ONHUM CYHIY/IAPHBIM KO3pPUIIEeHTOM

E(u):uxx+uw +u,, +2_aux =0, 0<2a<l
’ x

B 0071aCcTV, OIpaHMYEHHOJ B IIONYHpPOCTpaHCTBe, ofHako B 1949 r. M.H.Onesckuit [4]
obHapyxw1 oumoKy B nccnefoBanysax C ArocTuHe/u u oObsABIWI B IBHOM BJie pellleHte 3a/jaun

}:[I/IPI/IX}IG B MHOTOME€PHOM IIO/TyIIape€ I 6oree O6H_I€I‘O MHOTOMEPHOT'O YpaBHEHNA.

[TepBoe ¢yHIaMeHTaIbHOE MCCIENOBaHME, C KOTOPOTO HAYaJICsl HOBBIN 9Tall V3YYeHMA
BBIPO>KIAIOIVXCS VM CYHTY/IIPHBIX S/UIMIITUYECKUX YPaBHEHMII C IepeMeHHBIMU Koo duiieHTamuy,

6bU10 BBIONMTHEHO M. Kengpimem [5].

Yucno omy6nMKOBaHHBIX PabOT IO BBIPOXKHAIOUIVMCA U CUHTYIAPHBIM SJUIMITUYECKM
ypaBHEHMA BeCbMa 3HAYMTENbHO. B 3TMX McCIeoBaHMAX B OCHOBHOM PacCMaTpUBAINCh 3a/lada
Hupuxie u cmenrannele 3agauu ( XonbMrpena, [lupuxie-Heiimana) 111 Ha3BaHHBIX ypaBHEHMUI B
JaCTHBIX MPON3BOAHBIX. K TakOMy HaIpaB/IeHNUIO NCCIe0BaHNIT IPUMBIKAIOT paboTsl [6, 7, 8, 9, 10,

11,12, 13, 14, 15, 16, 17, 18].
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B macrosameit paboTe Mbl 3aliMeMcs BHYTpeHHell 3amadeil HeilMaHa mIsA CUHTYIAPHOTO

ypaBHeHus Ilyaccona

Ha,ﬁ,y(u) = uxx +uyy + uzz +27aux +%uy +277uz = F(x’y’z)a (2)

rme o, B u y - mnocrosHHble (0<2,2f3,2y<1), B KOHEYHON OJHOCBS3HON OOIACTH,

OI‘pElHI/I‘ICHHOf;I B IIEPBOM OKTAaHTE€ TPEXMEPHOTO €BK/INAOBA IIPOCTPAHCTBA.

[ToxakeMm, 4TO BHYTpeHHsAs 3ajjadya Helimana pmna ypaBHeHus (2) B obOumem ciayyae
HepaspellnMa, ¥ BbIBeleM HeoOXO#uMoe ycinoBue ee paspemmmoctu. C JApyroit CTOpPOHBI,

00LIEN3BECTHO, YTO pellleHre BHyTpeHHelt 3ajaun Heiimana s ypasuenus H, , (u)=0 (ecnu oHo

CYyLIeCTBYeT) He eAMHCTBEeHHO: e PpyHKIuA u(x,y,z) pelaer 3afady HeiiMaHa mis cMHIYIsApHOTO

SUIMITUYECKOTO ypaBHeHmss H, ; (u)=0, To, KaK 3TO Mbl JJOKaXeM B 3TOli paboTe, QpyHKIUA

u(x,y,z)+C, rge C— Ipou3BOJIbHAA IOCTOSIHHAA, PElLIaeT Ty JKe 3afady. TeopeMoii eIMHCTBEHHOCTY
B JJAaHHOM CJIy4ae ABJIAETCA YTBEPXK/EHMeE, 10 KOTOPOMY BbIpaKeHMe u(X,y,z)+ C ucdepIbIBaeT Bce

pelleHNA 3TOM 3afadn.

Heo6xoaumoe ycnoBue paspemmmmoctu 3agauyn Helimana
[Tyctp DcR E{(x, v,2):x>0,y>0,z> 0} - KOHeYHast 00/1aCTh, OTpaHMYEHHASI IVIOCKOCTSIMU
D, ={(x,y,z):x=0, O<y<b, O<z<c},
D, z{(x,y,z):0<x<a,y=0,0<z<c},

D, = {(x,y,z) :0<x<a,0<y<b,z= 0} M C TIOBEPXHOCTBIO §, KOTOpad IIepeceKaercs ¢

obnmactamu D, (i = 1,3). JInuus nepeceyeHnst 0603HAYMM COOTBETCTBEHHO Yepes

I=8SND, (i =1,_3) .3nmech a,b,c=const >0.
3apayva Heiimana. Haiitu perynapHoe pemenne

u(x,y,z) ypaBHeHus (2), yoBlIeTBOpsAIOIIee YCIOBIUAM

xzﬁa_u =v,(»,z2), (y,z) €D, (3)
a‘x x=0
25 Ou
Yy =V2(xaz)’ (x’Z)EDz’ (4)
oy =0
227— :V3(-x’y)’ (X,)’)EDp (5)
z=0

BUPY [u]‘s =g(P), PeS, (6)
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rage v,(,2), v,(x,z), v5(x,y), @(x,y,z) - 3afaHHble HEIpPEpPbIBHbIE M HOCTATOYHO IJIA[IKIE

¢byukunn, npudeM QyHKmyu v,(y,z), Vv,(x,z) U vy(x,y) MOTyT oOpamarbcsi B 0ECKOHEYHOCTD

nopsnKoB 1-2a, 1-2 u1-2y B T, @, ocC, T,, &, OC u I, &, OB, COOTBETCTBEHHO. 3mech u

manee
0 0 0
B*P7[ 1= x**y** 2% | cos(n,x)-— +cos(n, y) - — +cos(n,z) - — |;
V[ =Xy (n,x)- = (ny)ay (n,2)-—

A(a,0,0), B(0,b,0), C(0,0,c), 0(0,0,0);
71— BHEIIHss HOpMasb K rpanuie oD obmactu 0D .

PaCCMOTpI/IM TOXIOECTBO

xzayzﬁZZy [uHa,ﬂ,y (w) -wH, 5 (u)] = a—i|:x2ay2ﬂz2y [u aa—‘: - W%ﬂ

+i x>y u%—w% +i x4y (u@—w%j (7)
oy oy oy oz Oz oz

Teneps oroitmeM oT TpaHULBI D BHYTpb 06macT D Ha JOCTATOYHO Maloe PAcCTOSAHUE ¢ .

[Tony4yeHHble TOBEpXHOCTb ¥ 06/1acTh 0003HAYMM, COOTBETCTBEHHO, depes D, m 0D,. Ilycrs
u, weC? (58), TOTZIa IHTeTpupys obe yacTy ToxKpecTsa (7) mo obnmact D, u ucCnonb3ys Gpopmyny

I'aycca-Ocrporpajckoro, Momxy4nm

ﬂ X2y g2 [(u%: - WZ_ZJ cos(n, x)} ds + H Xy Ku % - w%‘} cos(n, y)} ds +

o D,

R K“%‘W%@“’“”’Z)}’S = I bt ()=t ()]t @)

oD,

3necy 0D, =D,, D, D, UD,,, cos(n,x)dD,, =dydz,

&

cos(n, y)dD,, = dxdz, cos(n,z)dD,, = dxdy, n— BHEWIHAA HOpManb K 0D, .

ITycte B dopmyne (8) u(x,y,z) — pemenue 3amaun Heiimana c¢ ycnosuamu (3) — (6) mna

ypaBHeHus (2), a w(x,y,z)=1. Torgpa:
Ha,/i,;/(u) = F(an’aZ): Ha,ﬁ’y (W) = Oa

ow ow ow
B*P7 [w]=x*y*"2%| cos(n,x)-— + cos(n, ) - — +cos(n,z) - — | =0,
VT [w]=xy (1,x)- ==+ cos(n,y) > (m,2)—

U, Iepexo/id 3[,eChb K NpefieNly IpU & — 0, IOTYINM

J‘J‘J‘ Xy 2 F(x, y,z)dxdydz = ” p(P)dS + H vi(v,z)dydz + H v, (x,z)dxdz + H v,(x,y)dxdy  (9)
D N Dy Dy D3
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9TOMY COOTHOIIEHNI0 HEOOXOAMMO IO/DKHBI YHOBIETBOPATDH JaHHbIe 3afgauyu Helimana. B

ob1ieM cirydae, Kak MbI BUVIM, BHYTpeHHAA 3afiadya HeliMaHa /11 OZHOPOJHOTO YpaBHEHNA

peICHUA HE MMEET — pEeII€HNE MOJKET CYLIECTBOBATD JIMIIb TOT'A, KOTIa BbIIIOTHEHO YCIIOBUE

9).

B 4acTHBIX C/Ty4asX OHOPOISHBIX KPAeBbIX YCIIOBUIT MV OFHOPOLHOTO A depeHIaTbHOTO

YPpaBHEHIA JO/DKHO BBIIIOTHATDBCA COOTBETCTBEHHO OJHO 113 IBYX PAB€HCTB!:

j” xZ“yzﬂz”Ha’m (u)dxdydz = ”j x>y 27 F(x, y,z)dxdydz,
D D
[[ B [u]ds = [[ p(P)dS.
S N

C ppyroit CTOpOHBI, OOLIEM3BECTHO, YTO pelleHue BHYTpeHHell 3amaun Helimana s

ypaBHeHus H, , (u)=0 (ecnu OHO CylIeCTByeT) He eAMHCTBEHHO: ecnmy PpyHKuMS u(x,y,z) peuiaer

a.B.y

3agady HeiiMaHa m1d CMHTYIAPHOTO 3/IMITUYECKOTO ypaBHeHmMsa H, , (u)=0, TO, KaK 9TO Mbl

a,py

TOKakeM B 3TO pabote, GyHKums u(x,y,z)+C, rae C— NpOU3BOIbHAS IOCTOSHHASA, pellIaeT Ty XKe
3amauyy. Teopemoil e€IMHCTBEHHOCTM B JJaHHOM CjIydae ABJIAETCSA YTBEp>K[eHMe, IO KOTOPOMY

BbIpaXeHMe u(x,y,z)+ C McuepIbIBaeT BCe PELIeHNs 3TON 3ajaull.

Teopema . [IBa perenus BHyTpeHHel 3aiaun Heiimana g ypaBHeHns (10) MOTYT OT/M4aThes

TOJIbKO Ha IIOCTOSHHOE C/IaraeMoe.
IlokaxkeM 3Ty TeopeMy, IIpeAronaras rpanuny 0D, obmactu D, peryaspHOIL.

ITyctp BHyTpeHHAA 3amada HeliMaHa mMeeT nBa pemeHus: u; U u,. VIx pasHocTh u =u, —u,

YAOBIETBOPAET COOTHOIIEHNAM

] R T Ry
x|, oy =0
2y, BEP7[u]| =o0.
aZ z=0 s

K ¢ynkium n obnmactu npumennm popmyy I'aycca-Octporpazpckoro (cM. paBercrsa (7) u (8)):

jjszayzﬁzzy [ui + uf + uf]dxdydz = J:[uB,‘f”ﬂ’y[u]afS‘g +
Dy Se

+H xz"’yzﬂzhu%leg + H xzayzﬂzzyuﬁ—udD% + H xzayzﬂzzyua—udD3g. (11)
Dyg Ox Dy 8)/ D3, 0z

OyHKUMA U HempepbiBHA M, CIEIOBATENbHO, OrpaHnieHa B D. B 10 e BpeMs BenMYuHbBI
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g Ol 25 OU 2, Ou
= Vo paBHOMEpHO cTpeMATcA K Hy/o. [lepexons B cooTHomennn (11)
z

BIP7u), x
Ox oy

K IIpeJieNly Ipu , IOTyIuM

J'J‘J‘xzayzﬂzh [uf + ui + uf]dxdydz =0.
D

Orcroma u, =0, u, =0, u, =0, u, cegoOBaTenbHO, u(x,y,z) = const. Teopema JoKkasaHa.

CymecrBoBaHMe penieHNnA BHyTpeHHel 3agaun Helimana.

CyuiecTBOBaHMe pelleHN)s IIOCTAaB/ICHHBIX CMEUIAaHHBIX 3aflad JOKaXXeM MeTOJOM (PYHKIUN
['puHa. JI7151 9TOTO MONMOXNM, UTO a =b=c u D, =S siBnsiercsi 1/8 4acTb cepsl C IEHTPOM B TOUKE

0(0,0,0), papuycom R=a.

Iyctb (x,y,z) — MPOM3BONBHASA TOYKA B R;, a (X,,¥,Z,) € Ry — HeKoTopas PUKCUPOBAHHAS

TOYKa B R; .

Omnpepenenne 1. Oyuxnueit I'puna sagaum mnsa ypaBHenus (10) HasbiBaeTcss (yHKUMS

G, (x,¥.23%y, Y92, )> YHOBIETBOPAIOIIAs YCTOBIAM:

(i) aTa pyHKUMS ABNAETCA pery/sApHBIM pelieHueM ypaBHeHus (10) B BHyTpu obmactu D, 3a

VICKTTIOYEHMEM TOUKM ( Xy, Vo, Z, ) »

(ii) oHa yOBNIETBOPSIET IPAHNYHBIM YCITOBUSM:

aG b b ; b b ~
xza O(Xyzxo yO ZO) 209 (y:Z)EDIJ
Ox 0
0G, (x,V,2;X,, Vo, 2
yzﬁ 0( Yy 0>Y0 0) =0, (x,2)eD,,
0
y y=0
2 5GO(X,y,Z;x0,yO,ZO)|
z g =0, (X,J/)eDm

Oz

z=0
a.p.y —
Bn [GO]‘S_Oa (xaysZ)ESy
(iii) oHa MOXXeT OBbITh IpeCTaBIeHa B BU/JIE:
Go (%, 3,230, 0,20 ) = 4o (%, 123X, ¥, 20 ) + 48 (%, 11 23X, ¥, 20 ) »

rae  qo(x.5.2:%,,0.2,) — OyHmaMeHTambHOe pemnenne ypasHenus (10), ompepernsemoe

paBeHcTBOM [19]:

ky

1
. _ 3) a+p+y+—,a, B,y
9o(X, ¥, 25X, Vo> Zp) _mFA

2 &g |,
2a,28,2y;
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a 8p(x,y,2;x,,,,2,) — perynsapHoe peurenne ypapHenus (10) 8 o6mactu D:

a

1+2a+2p+2y
%(x’y’Z;XO’yO’ZO):_(R_J qo(xayaZ;%a%:%):
0

2 2 2 2
r —Vl I" —I"Z

62 o, I1= g_

r

P2 =(x—x0)2+(y—y0)2+(z—zo)2, 7 =(x+x0)2+(y—y0)2+(Z—ZO)2,

ry :(x—x0)2+(y+y0)2+(z—zo)2, s =(x—x0)2+(y—y0)2+(Z+ZO)2.

2 2
R02=x§+y§+zg, % xo;% zy()a _2207
R; Ry R,

_ L KB (IrCa+24+2y)

O 22 TR CATCH(a+f+7)

3necy F - runepreomerpudeckas ynkuys Jlaypuderia oT Tpex epeMeHHBbIX:

i m+n+k b ) (bZ)n (b3)k x" y_nZk

m.n.k=0 ( 1) (Cz) (03)k ml nl k!

3 . .
F! )(a,bl,bz,b3, cl,cz,c3,x,y,

IIyctb (X,,¥y.2,) € D. BolpesxeM 13 obmacti D Imap Manoro pagmyca ¢ LEHTPOM B TOUKe
(xg»,-2,) M OcTaBUIyIOCS YacTh D 0603Ha4MM depes D,, a depe3 C, — cepy BBIPE3AHHOrO IIapa.

Vcnionb3ys popmyiny (8), momydanm
. oG, Ou
”xz Yz [ -G, —} ds = ”yzﬂzzyvl (»,2)G, (0, v,z xo,yo,zo)dydz -
on on 5y

—H 2a 271/2(36 2)G, (x 0,z; xo,yo,z0 dxdz ” 2a 2ﬂv3(x,y)G0(x,y,O;xO,yO,zo)dxdy
Dy Dy

+”x2”’ 28 27go(x »,2)G, (x V,2; xo,yo,zo)dS

Hanee, cnenyst pabote [15] u yunTbIBas 97MeMeHTapHbIE COOTHOLIEHVIS
Ff)(a,bl,bz,b3;c1,c2,c3;0,y,z) =F2(a,b2,b3;c2,c3;y,z),
Ff)(a,bl,bz,b3;c,,c2,c3;x,0,z) =Fz(a,bl,b3;cl,c3;x,z),

Fi(a,b,by. by, 00,035, 9,0) = Fy (a5, by¢;,¢03%,1,0),

MOJTy4YUM

F, ﬂ ,ﬂ’y;zﬂ’zy,n(x)’ (x)
(X, V9:20) = kOIJ'yzﬂzzyvl (v,2) 2( 0 e o1 > 01 ) B
D 1
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T: (BB 732B:27:m5 ¢

Yll+2a+2ﬂ+27

) dydz —

(») (y) . L2 ()
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BBemenne

B ImocaeHME rofbl HayKa M TEXHMKA IINPOKO UCIIOIb3YIOTCA B O6y‘IeHI/H/I 6I)ICprIMI/[ TEMIIaMMU,
" KOMIIbIOTEpHbIE MyanMMe,[[MI?IHbIe TEXHOJIOTUM B 3TON CuTyauum ABIAKTCA IIPOCTO

IIPOLIBETAOIVIM COBPEMEHHBIM METOOM O0y4eHI.

MynbTuMegUiTHbIE TEXHONOTMM - 3TO TEXHOJIOTUM, WCIONAb3YIOIME KOMIIBIOTED I
06paboTKM TeKCTOBO MHPOPMALVIY, IPpapUKY, N300parkeHM I, 3BYKOB, aHMMALUV U BUJEO C LIe/IbI0

YCTaHOBJIEHNA JIOTUYECKUX CBsA3e U BsaI/IMO,[[eﬁICTBI/[H MEXOY 9€T0OBEKOM U1 KOMIIBIOTEPOM.

MynbrumenuitHoe oOydeHue - 3TO Ipolecc OOydYeHus, IHIpM KOTOPOM BBIOMPAIOTCS
IIpaBIIbHBIE METOJBI J VICHO/IBb3YIOTCSI COBPEMEHHBIE CPefICTBA O0YYeHNsI B COOTBETCTBUM C LIe/IAMU
00y4eHMsI ¥ OCOOEHHOCTAMM YYAIIMXCSA MOCPEACTBOM Pa3pabOTKV MHCTPYKLMIL, ¥ B COYETAHNN C
TPagULIVIOHHBIMI METOLaMMU O6yT{eHI/IH U pa3HOOOpa3HOI MYJIbTUMEIUITHON uHpopManyen s
dbopMupoBaHUsA palMOHAIBPHON CTPYKTYPBHl Y4eOHOTO TIIpoliecca MOTYT OBITb JTOCTUIHYTBI
IIpeKpacHble pe3y/lbTaThl 00ydeHWs. braromapss 9TMM My/IbTMMEOVIIHBIM MeTOfaM OOydeHMs
TeKCThl, rpadmka, aHMMmanus, 0aspl JAaHHBIX, ayAMO M JApPYyrMe MY/IbTHME[UIIHbIE CUTHAJIBI
00beIMHEHDl B eAVMHBI OOBEKT C IIOMOIIBIO Cepyy TMOKMX B3aMMOJEICTBUI MEXY YeTIOBEKOM U
KOMITBIOTEPOM B COOTBETCTBUM C 3allpOCAMM IIO/Tb30BaTessl, a MHTepdelic ABAETCA SIPKUM U
IPYXXeCTBEHHBIM C O4YeHb YHOOHOJ BO3MOXXHOCTBIO IpoIrycKa. OFHAaKO 3TOT IepefoBOIl METOJ
obydyeHus He 6ymeT paboTaTh MNO/DKHBIM O0pasoM IIpM IPaBWIBHOM VCIIONb30BaHUN. B maHHOI
CTaTbe PAaCCMATPUBAIOTCA IUIIOCBI M MMHYCBI 9TOTO MeToAa OOydYeHMs, a TakKe Mepbl IO ero

COBEPLIEHCTBOBAHNIO

IIpenmyiecTBa My/IbTUMEIMITHOTO 00y YeHU

Bot IIpenMyniecTBa MY}IbTI/IMCI[I/[f/iHbIX METOOO0B 06Y‘I€HI/IH I10 CpaBHEHNIO C TPaANIIMMOHHBIMI

MeTOofiaMy OOydeHN:

e TpaguuyoHHad Mofenb 0Oy4eHMs CYIIeCTBYeT y)Ke ThICAYM JIeT 6e3 0COObIX M3MeHEHMIA,
HOABJIEHNE My/IbTUMefa IOoOyX/aeT IpelofiaBaTesieil MCCIefOBaTh M pa3pabaTbiBaTh HOBbIE
cpencTBa 0Oy4eHNs, YTOOBI YIyYIINTb METOAMKY IpeTofjaBaHuA U Ka4eCTBO MPENOofaBaHMA, YTOObI
0CBOOOMUTD y4MTEIeN OT TPAAUIVIOHHON K/IACCHOM JOCKY, YUYUTENIAM OO0JIbllle He HY>)KHO CTOSITh Ha
TpUOYHE ¥ BBIKPUKMBATD CKYYHBbIE JIEKIIVIY BMECTe CO CTY/IeHTaMI. CUANTe TaM 0e3 BCAKOI CTPacTI.
9TOT MeTon OOyd4eHMs YIydllaeT WMHTYUTUMBHOCTb IPEIOflaBaHMsA M BBI3BIBACT y CTYAEHTOB

9HTYy3Ma3M B yuebe.

e MynbTUMeRNIHBI MeTO OOYy4YeHNS CO3[aeT HACBINEHHYI0, PacclabIAoNylo y4eOHYI0
cpeny pmnA crygeHToB. OH pacKpblBaeT MHOTOI'PAaHHOCTb COJlep)KaHNA, Pa3HOOOPas3HyIo
BBIPa3UTE/IbHOCTD, CTYMY/IUPYET CEHCOPHbIE CIIOCOOHOCTY CTY/IEHTOB BO MHOTMX OTHOLIEHVSX U

peanusyeT CUTYallIOHHbIN MeTOZl 00y4eHMs, co3/jaBasd IPUATHYIO, APKYI0 aTMochepy /1A 00ydeHN


https://journal.umft.uz/

Management and Future Technologies | journal.umftuz June 2025 Volume 2, Issue 2

CTyZieHTOB. TakuMm 06pasoM, yCTanocTh ¥ HAIpsDKEHVe YYaIUXCs IIOCTIe 3aHATUI MOTYT OBITb B
HEKOTOPOJI CTENeHM YCTPaHEHBbI, TaK 4TO MHTE/UIEKTYalIbHbIe VI HEVHTE/UIeKTya/lbHble (PaKTOpBI
YYaIIMXCsl MOTYT B3aMIMOJIe/ICTBOBATD, CIIOCOOCTBYSI 001IeMY Pa3BUTHIO, Y YYALIeCs] MOTYT YUUTbCS
CaMOCTOSITE/IPHO ¥ aKTVBHO B XOPOILIEM COCTOSHUM, TOTZAa MOTYT OBITb MOCTUTHYTHI JIydIlue

pe3y/nbTaThl 0OydeHM.

e MynpTuMenuitHoe oOydeHNe yBeIM4MBAeT BpeMsd, 3aTpaulBaeMoe IperofaBaTe/IIM/i Ha
3aHATHUA, IOBBIIIAET KAayeCTBO KOHTEHTAa M YIIyOnsdeT HOHMMaHME ¥ 3HAHME COJep>KaHmA
y4ammmucs. B To 5xe BpeMs 9TO ABJIAETCS CJIOXHOM 3a/jaueil 1 1A y4nuTesIell, IIOCKOIbKY TpedyeT oT
HIIX FOpasfio 60sblile BpeMeH) 1 YCUINIT Ha IVTAHMPOBaHVe YPOKOB U IIOITOTOBKY Y4eOHBIX TOCOOMI,
4eM TPA[MIVOHHBIN MeTOJ OOy4eHNus, M IOBBLINIAET KAayeCTBO KAaK CAMUX Y4MTeNel, TaK M UX

npenogaBaHnA.

e MynbTuMennitHoe oOydeHue paclypsieT paMKI M 00/IacTy IpenofaBanys. TpaguiyoHHast
Mogenb 00y4eHNs OpMeHTHpPOBaHa Ha OYHYIO JIEKI[MIO IIpeTofiaBaTesieil ¥ CTYAEeHTOB WM JIeKIVIO B
HeOO/IbIIOM KJTacce, HO IIPY MHTEHCYBHOM 3aHATUY 3P PEKTUBHOCTD IIPENIOJaBaHNsI He MOXKET OBITh
rapaHTMpoOBaHa. B To BpeMs kak My/lIbTUMeUITHOe 00ydeHVe MOXKeT UCIIO/Ib30BAThCA /1A O0yIeHIA
Ha OOMbLIMX IUIOWIAAAX, B OONbIIMX Maclitabax ¥ [VCTAHLMOHHO, 3TO MOXXET O0JIerduThb
IpernojaBaTe/iAM IPOBEJeHNEe MHTEHCUBHbBIX 3aHATUI U KYpPCOB U, CI€JOBaTENbHO, IOBBICUTDH

3¢ eKTUBHOCTD IpenojaBaHusI.

e MynbpruMennitHoe oOydeHUe CIIOCOOCTBYET BHEJPEHMIO [ABYHAIIPaBJIEHHOTO OOYYeHMS U
HOBBIIIEHNI0 3QPEKTUBHOCTY NpenofiaBanyus. [Ipn TpaguLnOHHOM OOy4eHUN YYUTeNAM TPYLHO
00IIaThCA C KXKBIM YUEHNKOM, B TO BpeMs KaK MyJIbTUMeINITHOe 00ydeHe TO3BOJIAeT B IIOTHO
Mepe UCIIOIb30BaTh MPEMMYIeCTBa MHTEPAKTUBHON (YHKLMY KOMIIbIOTEpA I IIPAKTUYECKOTO
IpVMeHEHNs JBYHAIlpaB/IeHHOro o0ydeHMs. brarogaps cBoeBpeMeHHON M BbICOKOKAueCTBEHHOI
00paTHOII CBA3M C KOMIIBIOTEPOM, OCYLIECTB/IAEMOJl Yepe3 KOMMYHMKAIMIO MEX/y 4eIOBEKOM 1
KOMIIBIOT€POM, MOXKHO BBIABUTb CUTYALIVI0 00y4eHMs KaXoro ydamerocs. UTo Kacaercs 3HaHMI,
TO My/IbTUMeUITHOE 0Oy4YeHe MOXKET IPeBPATUTh aOCTPAKTHBIE 3HAHMA B KOHKPETHbIE, CIOKHOE -
B IIPOCTOE, 8 TPYHHOE - B JIerKoe. KoMIbIOTepbl pacKpBIBAIOT CYyTh HEKOTOPBIX HEOOBACHUMBIX

po6JieM 1 3aTeM HOBBIIIAOT 3P PeKTUBHOCTD 00yIeHNA.
1. HegocTaTky MyTbTMMEIMITHOTO 00y YeHN
1.1 YpesmepHas 3a8UCUMOCIIb O MYSIbIMUMEOUTIHO20 00YHeHUS

HekoTopble yumTens CYMTAIOT, YTO I COMENICTBUA MOJepHU3ALuM OOpa3oOBaHMUA U
pedOpMIpPOBaHNIO MOJENM IpeIOfiaBaHMsA KOMIIbIOTEPHOe OOydYeHMe SABIAETCA 00513aTelTbHBIM
MHCTpYMeHTOM. Takum 06pa3oM, He3aBMCUMO OT peanbHON HeOOXOAVMOCTH, YIUTENS VCIOTb3YIOT
KOMIIBIOTEp C HayaJla ypoKa N0 KOHIA, OHVM pPasBMBAIOT TPAAUIVIOHHYI0 MOJENb OOyYeHMs OT

3yOpexXK! K 3yOpe)xke s7IeKTPOHHON Mopenu. Ilemarorm u ICHMXONOTHM CYUTAET, YTO, HANPOTUB,
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Ype3MepHOe UCIIOIb30BaHNe KOMITBIOTEPHBIX CPeJICTB 00YUeHNMsI B KJIacCe MOYKET OTB/IeYb BHYMaHe
yJammxcs, 4yeM Oosbllle HellpeflHAMEpPEeHHOe BHJMMAHME YYAIUXCs, TeM OOJbllle HapyIIeHUi B
mpolecce Iepefayy y4eOHON MHOpMaLMy, 3TO OECHONe3HO I IONy4eHMs Y4allVMUCH

MHpOpMaLINN.
1.2. Henopuposamo cy6vekmususm yuauuxcs

[IperogaBaTeny UrpalOT BeAYILIYI0 POIb B IPENOABATEIbCKOI JIeATeTbHOCTY, HO CTY/IEHTHI
ABJIAIOTCA OCHOBHOJ YaCThI0 II03HABATENbHO fleATenbHOCTI. CaM Iporjecc 00ydeHN peiCTaBIAeT
coboil yuebHyI0 cpefly I B3aMMHOTO B3aMMOJENCTBUA ¥ BAMAHMA MeXJy IpernofaBaTe/ MU U
CTy[IeHTaM!, YTO CIOCOOCTBYeT pa3BUTHUIO MTO3HABATENbHOI feATenbHOCT. HecMoTps Ha TO, 4TO
My/IbTYMeJ}a MOTYT IIPEfIOCTAaBUThb OTPOMHBINI 00beM My/IbTMMEIMITHON MHpOpManMm Mu
IPeBOCXOAAT TPAJUIMIOHHbIE METOAbI 00ydeHN B Iepefade MHPOPMAIVM, OHM He MOTYT JOCTUYb
Ie/lelf SMOIVIOHA/TIBHOTO OOyYeHMsA WIM 3aMEeHWUTb TPaAMIMOHHOe OOydeHue, MyTbTHMEMiTHOE
obydeHne fenaer arMocdepy B KIacce CKy4HOI, OTCYTCTBME SMOIMOHAIbHOTO B3aIMOJIEICTBIA 1 He
II03BOJISIET BOBJ/IEYb YYAIIUXCA B CAMOCTOATEIbHOE 00ydeHMe, 109ToMY 3¢ HeKTUBHOCTh 00ydeHns

He MOXXeT OBbITh FapaHTMPOBAHA.
1.3. He o6pawatime sHumanus Ha Oemanu co0epiuanus Kypca

Vcrionb3oBaHye MYIbTMMENUITHOTO YCTPOJICTBA MOJKET CIeNaTh M3JI0KeHVe 3HaHMiT Oojee
SICHBIM, IIPEICTaBUMbIM ¥ BCEOOBEMITIOLIVIM; OTHAKO 9TO TAK)Ke MO>KET HaBeCTV YUUTeIell Ha MbIC/Ib
0 TOM, YTO HeT HeOOXOAVIMOCTY JOOAB/IATh JONOTHUTETbHbIE OOBACHEHNA, IPYMEPBl U BBIBOABI K
BceoObeMITIONIEN], CUCTEeMAaTU3MPOBAHHON U MOApo6HON wHOpManym, cofepskaierica B
mynbTuMenua. Ha camom pene, onpenenenme, reopemMa, IpoLecc pacdera 3ajady, METOJ| I TEXHMKA
pacdyera He MOTYT OBITb YeTKO ¥ HAI/IAJHO OOBSACHEHBI TONBKO C IIOMOIIBIO MYIbTUMERNITHOTO
y4eOHOro nmoco6bus. Boobie roBops, TONMbKO M3/I0>KEHN€ OCHOBHOTO COIEP>KaHMs YPOKa He MOXKeT
3aMEHNUTb IIPelofjaBaTe/ll0 KOHKPETHYI WUIIOCTpAlMio cofepKaHysA. braromapsa yde6HOMY
HOCOOMIO ydYalyecs IOMYYaloT JIUIIb obllee IpeNCTaBIeHUe O COfiep>KaHuM 6e3 Kakoro-mmbo
ITyOOKOTO IOHMMAHNA KIIOYEBBbIX, CJIOXKHBIX MOMEHTOB, IIO3TOMY €CTb COMHEHUA B TOM, UTO
He3HaHJe COofiepKaHMs Y4eOHOTro ocoOys I KOHKPETHBIX 00 bCHEHMI ITperofjaBaTe/is IOB/IMseT Ha

Ka4eCTBO IPENO/IaBaHMsl.
1.4. Wneepcus ueneii 06yuenus

Yrobbl YHOBIETBOPUTb MHTEpeC CTYAEHTOB, MHOIME y4eOHble MaTepuasbl SABIATCA
VHHOBALVIOHHBIMM U IVHAMMYHBIMU, B HUX MCIOJIb3YIOTCS YpE3MEPHO SAPKME 1|B€Ta, KAPTUHKA U
aHMMalys, INpefHasHayeHHbIe I OTpPaKeHMsA OOraThX, MOIIHBIX (YHKUMII M Pas3TMIHBIX
XapaKTepUCTUK KOHTeHTa. CTy[eHTbl B BOCTOpre OT 9TUX SAPKUX Ay[MOBU3YaJIbHBIX Y4eOHBIX
1I0COOMII, HO paKTUYeCKe pe3y/IbTaTbl MOTYT OBITh He TAKVMIMU YIOB/IETBOPUTENbHBIMU. brarogaps

pasHooOpasuio uHTepdeiica, BOCIPUATIE CTYJEHTOB MOXXET OBITh CTUMY/IMPOBAHO U YITYOJIEHO
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IICUXO/IOTUYECKY, OHO IIPOSAB/IAETCSA HE3aBUCHMO OT HAa4YaIbHOTO M CpefHero oOpa3oBaHud,
OTBJIEKAeT, 8 HEKOTOPbIE SKPAHBI IayKe CTAHOBATCS IIOMEXOJI TPy 00ydeHV. DTU U3SALTHbIE yIeOHbIe
II0COOVSI HEOCO3HAHHO IPUHYMAIOT PafioCTh IyXa 32 KOHEYHYIO 1ie/Ib 00y4eHMs ¥ B KOHEYHOM MUTOTe

BIVSIOT Ha 9 PEeKTUBHOCTD IpernofiaBaHms.
2. CoBeplLIEHCTBOBaHYE METOJOB MY/IbTHMEUITHOTO O0ydeH s
2.1 Boi6op memo0os 00yueHUs 6 COOMEemMcmenL ¢ COOePHaHUem U Uevto 00yueHus

IIpn cocraBneHMM IUIAHOB IPENOJABAHMA YYMTENAM CIEAYyeT MCXOAUTb U3 KOHKPETHOIO
cofiep>KaHMA U Iienell oOydeHMs, MCIIONIb30BaHME MY/IbTYME[Ua IO/DKHO OBITh OpTaHM30BaHO
Hay4YHO B COOTBETCTBUM C HAIlVMICAHMEM BBIBOJOB, OOCY)X/JeH)MeM B KJacce, 9KCIepUMEHTaIbHO
paboToll U APYTMMM aTbTepHATUBHBIMY CPEeICTBaMy, 0OpallaTh BHUMaHNe Ha COITTACOBAaHHOCTD U
VHTETPAlMI0 Pas/INYHBIX METOM0B OOydueHMs, 5PQPeKTMBHO MCIOTb30BATh ITO COBPEMEHHOE

MYIbTUMeENITHOE O0y4eHe. YCTPOICTBO.
2.2, Cosdasamv omnuuHvle Mynomumeouiinole yuebHvie NOCoOUS

PasHoo6pasye MeTOIOB CO3/jaHVsI MY/IbTYIMEUITHBIX Y4eOHbIX IPOrPaMM C VICIIOTIb30BaHIEM
IPOTPAaMMHBIX CPEiCTB IPUBOJUT K TOMY, YTO OpraHM3auysi KOMIIOHOBKM KOHTEHTA OT/IMYAETCs
APYr OT Apyra. Bo-mepBbIX, TEKCTOBOe IpefCTaB/leH)Me KOHTEHTA y4eOHBIX IPOrpaMM [OJDKHO
COOTBETCTBOBATb 00BEMY KOHTEHTA M CIOCc00aM ero BbIpakeHNA. CIMIIKOM MHOTO C/IOB MOTYT
Cepbe3HO IOBIMATh Ha KauyecTBO Y4eOHOro MaTepyuana U MHTEPeChl CTYAEHTOB, IIOITOMY
JVICTIO/Ib30BaHMe 9TeKTPOHHBIX Y4eOHBIX MaTepuanoB 0e3 ymaneHus Kakoro-imbo COmep>KMMOTO
VICXO/ITHOTO TEKCTa He IacT JJO/DKHOro a¢dekra mpu obydeHun. [Ipy cosmanmum yueOHBIX OCOOMIA
OCHOBHBIE MOMEHTBI, TPY/IHbIE U K/II0YeBbIe TOYKY JO/DKHBI OBITH BBIIE/ICHBI CIIEIabHBIM LIBETOM
u mpudTOM, YTOOBI [I0KA3aTh PasHMIY, YCUIUTh BO3LEVICTBYE BU3YaIbHBIX 3Q(HEKTOB 1 YCUTUT
BIIEYAT/ICH)E B CO3HAHMM CTY[EHTOB, TeM CaMbIM IIOBBICUB KauyecTBO IIperofaBaHusi. Bo-BTOpBIX,
JICIIOTb30BaHIe ITPABMIBHOTO IPadpuIecKoro BeTa B My/IbTVMEMITHBIX YIeOHBIX IIOCOOVAX KaK I B
TPAJIIIVIOHHBIX Y4eOHBIX II0COOMAX, MaKeT /IeKTPOHHOTO Y4eOHOTO II0COOMA MOXKET MMETh CBOU
0COOEHHOCTY V1 COOTBETCTBOBATDb OT/INYNTETbHBIM 0COOEHHOCTAM IIpeTIofiaBaTesieil 1 0COOEHHOCTAM
Kypca, HO IIBeTa MaKeTa He JO/DKHBI OBITh CIVMIIKOM pPasHOOOpPa3HBIMU, YTOOBI NP PasINMYHBIX

BapMaHTaX BbIOOpPa LIBET U APKOCTH ObIIV KOHTPACTHBIMU. He OJDKHO OBITh TAaKUM MHTEHCUBHBIM.
2.3. TouHoe 3HaHUe pacnucanust 3aHAmuLl

[Ipn wcnonb3oBaHMM MYIBTUMEAMITHBIX Y4YeOHBIX IOCOOMIT B Y4eOHON JeATeTbHOCTH
IpernojiaBaTe/l JO/DKHbI IOHMMATb pPUTM U BpeMmsA mpoBefeHus jeknuu. CKOpoCTb
BOCIIPOM3BENEHNS y4eOHOrO MaTepyaja MOXKeT OBITb CKOPPEKTMPOBaHAa B COOTBETCTBUM C
HOTPeOHOCTAMM, HO OHA O/DKHA COOTBETCTBOBATb CKOPOCTM paboThl mpemnopasateneit. ITo cyTn,
HeIlpepbIBHOE BOCIIPOU3BEIeHEe B PEXJIMe HOH-CTOII IIPOCTO BBICBOOOXKaeT KOHTEHT 3a CEKYHAY,

HE 3aCTaB/IAsA CTYAEHTOB 3HAKOMUTBCA C COAEP KaHMEM B TOM K€ PUTME, 9YTO U CTYAEHTDI, TaK 4TO
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OHM He MOryT 3¢¢eKTMBHO yumTbcA. Jake TIIAaTebHO IIPOAYMaHHBIE, BCECTOPOHHME I
IIPeBOCXOfIHbIE YU4eOHbIe MaTepyaIbl OYAYT PeACTaBIeHbI TONBKO B BUJe My/IbTUMeua 6e3 KaKoro-
m60 TOHMMAHMs COflEePXKaHUs, eC/I CKOPOCTb BOCIPOM3BENEHVS WM PUTM IIPENofaBaHVs He

OymyT o006 paHbl OJDKHBIM 00pasoM.
2.4. Couematue mynomumeoutinozo o6y4eHus ¢ MpaouuoOHHvIM 00yHeHuem

K TpamnumoHHBIM cpefcTBaM 00y4eHUA OTHOCATCA y4eOHbIe OCKM, HACTEHHBIE UarpaMMBl,
MOJIeN, MAarHUTO(OHBI, IPOEKTOPBl CIANTOB, BUEEOMAarHUTO(POHBI C WX IPENMYIIeCTBAMIU.
TpaguuyonHble obyvarmye CpefcTBa MPOCTHI B SKCIUIyaTaliM, YAOOHBI O1arofgapss HEKOTOPBIM
CIIeVIa/IbHBIM PYHKIVAM, TAKMM KaK OTOOpakeHVe HaTIOPMOPTOB, MAaCIITabMpoBaHMe 0OBEKTOB I
GYHKIVM TPeXMEepHOTro OTOOpa’KeHMs CIaiifloB, KOTOPbIE SB/IAITCA HEYCTONYMBBIMYU QYHKIVAMU
KOMITbIOTepa. B To >ke BpeMs, MCIIO/Ib3ys TPagIIIOHHbIEe METObI 00yYeHNsT, MOYKHO JIETKO YKPeIIUThb
KOMMYHMKALIMIO MEXY YIaIMIMUCA ¥ TIOBBICUTD MX MHULIMATUBHOCTD. [109TOMY yunTens JomKHbI
codeTaTb MY/IbTVMENUITHBI MeTOj OOy4eHUA C TPaAVLIMOHHBIMU MeETOHaMM OOy4eHWA LA

ROCTYDKeHMs Ty4qirero s¢gdekra 06ydeHus.
2.5. IlIxonam cnedyem ysenuuumo UHBeCMUUUU 8 MY/IbIMUMeOUTiHOe 00yHeH e

[IIKo/MBI O/KHBI NMPEAIPUHATD YCUINA 110 COBEpPIIEHCTBOBAHMIO KaK allapaTHBIX, TaK U
IPOTPaMMHBIX CPE[ICTB MY/IbTUME/Va, CO3[AHUI0 XOPOLIO OOOPYHOBAaHHBIX MY/IbTMMEIMITHBIX
K/IaccoB ¥ OMOMMOTEK ¢ IIOMHBIM HAabOpPOM pecypcoB, yueOHbIX mocobmii. IIpodeccronanbHbie
Pa3paboTYMKIM IPOTPAMMHOTO 06eCIeueHNsI MOTYT OObeAVHNUTD BCe /IEMEHTbI 3HAHWI 110 KOXKIOMY
KOHTEHTY, 4T0ObI chOpMMPOBaTh HeOO/bIIOe He3aBUCUMOe yieOHOe 1ocobue, U IPEeBPaTUIN 3TO
y4eOHOe rocobye B 616/IM0TeKy IPOAYKTOB, YTOOBI IIPENOaBaTe/ Iy MOV BBIOMPATh He0OX0aMOoe
UM y4e6HOe Imocobue B COOTBETCTBUU C PEAbHOI CHUTyaIyeil U3 obuieir 6ubmmoTexy y4eOHbIX
10coOMIt, TeM CaMbIM IOBbIIIAsE 9PPEKTUBHOCTD M Ka4eCTBO IpernojaBanus. bomee Toro, mkomam
HeoOXO/1IMO HAaIIPaB/IATD ClIelMaIbHO Ha3HAYeHHBIX JIUI] /I Pery/IsIpHOI IIPOBEPKY ¥ OOHOB/IEHMS
MY/JIbTUMEVITHBIX KIacCOB, 000pyHOBaHUA U 6MOMMOTEK Y4eOHBIX IMOCOOMIL, YTOOBI 06eCIeYNTD

HofifiepKaHye MY/IbTVMEAVIITHOTO O0Y4eHIIS U YIIpaB/IeHMe M.

3akirouyeHne

OnHUM C/IOBOM, KOMIIBIOTEpDHOE MY/IbTHUME[VIIHOe OOydeHMe - 3TO CBOEro poja yuebHOe
nocobme [ BBICIINMX y4eOHBIX 3aBefeHMil. HecMOTpss Ha CTpeMUTe/IbHOE pasBUTHE
MYJIbTUMEVITHOTO 00y4eHNs1, ObIIO pa3pabOTaHO M YCIIEIIHO IPUMEHseTCss 0O0/IbILIoe KOMMYEeCTBO
My/IbTUMEIMITHBIX Y4eOHBIX IpOrpaMM ¥ pasHOOOpasHbIX Moperneit obydenus. Ho B mporecce
paspabOTKM 1 VICIIONIb30BAHMSI CUCTEMBI €CTh HEKOTOpbIe HEZOCTaTKM. A VIMEHHO - ydaliyecs Io-
Ipe>KHEeMY ITaCCUBHBI B 00YUeHNI, ¥ OHM He MOTYT OTBETUTH Ha BOIIPOCHI B 6071ee I/TyOOKOM CMBICTIE;

OHM HE€ MOIYyT TOYHO OIpE€ACINTb IIpUYNHY HEIPAaBUIbHBIX OTBETOB. HPI/I MNCIIO/Ib30BaHUM
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MYIbTVMe[Via B 00y4eHNM) MBI JOJDKHBI IIPeOfio/ieBaTh HEJOCTATKM U MCKATh UX IPeVMYIecTBa, 40
CTPEMUTDHCS K VX MHTETPALUY C TPAJUIVIOHHBIM METOOM OOyJYeHNA M YYUThCA APYT y Apyra Hjst

JOCTVKEHMS JTY4IIero pe3y/nbTaTa 00ydeHN.
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