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Ma’lumki, dunyo | aylana borayotganida, an’anaviy
hamjamiyatida o‘z o‘rni, nufuzi | va zamonaviy ommaviy axborot
va salohiyatiga ega bo‘lib | vositalari o‘rtasidagi tafovutlar
borayotgan yangi O‘zbekiston | sohaegalarini raqobat maydoniga
global  axborot  maydonida | chorlayotganida namoyon
sodir  bo‘layotgan  xilma-xil | bo‘lmoqda.
jarayonlarning barchasiga | Bu sanab o‘tilayotgan
faol ishtirok etmoqda. Bu | omillarning asosiy sababi
kenggamrovli holat, bizningcha, | shuki, hozirgi zamonda
asosan  axborot-kommunikativ | insoniyat = hayotining  bosh
texnologiyalari tushunchalari | xususiyati muttasil, uzluksiz
yangilanayotganida, informatika | o‘zgarish va yangilanishlardan
fani jiddiy evrilishga yuz | iborat bo‘lib borayotganidir.
tutayotganida yaqqol ko‘zga [ Bu o‘zgarishlarning misli
tashlanmoqda. Boshgacha | ko‘rilmagan shiddatli sur’atlarda
aytadigan bo‘lsak, ommaviy | kechayotgani biz yashab turgan
kommunikatsiya-muloqot | davr va zamonning yana bir
odamlar kundalik hayotining | xos xususiyati desak, aslo
ajralmas, tarkibiy bir qismiga | yanglishmagan bo‘lamiz. Ana

shu shiddatli o‘zgarishlarning
bosh omili hamda sababchisi
AXBOROT ekani esa jahon afkor
ommasi oydinlari tomonidan
allgachon e’tirof etilgan.

“AL-FARG'ONIY AVLODLARI”" -

Globallashuv deb atalmish sirli-sehrli jarayonning
lokomotivi bo‘lgan axborot yangi asr odamlarini,
ularning dunyoqarashlarini, urf-odatlarni, qadriyat va
an’analarni, binobarin, xalq va jamiyatni, mamlakat
va davlatlar tanlab olgan yo‘l va yo‘nalishlarni jiddiy
isloh gilmoqda. Global migyosda sodir bo‘layotgan
muloqotu munosabatlarni sira ham kutilmagan,
sinalmagan, noodatiy o‘zanlarga burib yubormoqda.
Binobarin, barcha zamondoshlarimizning bugungi
kuni, ertasi hamda yaqin vauzoq kelajakdagi istigboli
ularning axborotga, shiddatli axborot oqimiga ongli
munosabatlaridan kelib chiqib belgilanmoqda.

Biz yashab turgan va oddiy ishtirokchisiga aylanib
borayotgan hozirgi vaziyat va mavjud holatning
hayratlanarli darajadagi o‘ziga xosligi shundaki,
jahonni va insonni o‘zgarishga majbur etayotgan
axborotning va axborot sarhadlarining o‘zi ham
o‘zgarish hamda yangilanish jarayonini boshdan
kechirmoqda. Yaqin o‘tmishda biron-bir axborotning
istalgan soniyalar ichida jahonga tarqalib ketishi
mumkinligi hayratlanarli vogealardan hisoblanardi.
Biroq bunday fakt-ragam yoki hodisa bilan bugungi
asrdoshlarimizni lol qila olmaymiz. Sodda qilib
aytadigan bo‘lsak, asrimiz odamlari tezkor zamon

HAMKORIMIZ

sur’atlariga ham, axborot vositalarining mislsiz
imkoniyatlariga o‘ziga xos ko‘nikma hosil qildi,
internet tarmogqlari ommalashgani sayin axborot
kommunikatsiya vositalari deb atalayotgan atama
barcha sohalarda peshqadamlikni qo‘lga kiritganini
anglab yetdi.

Muxtasar qilib aytadigan bo‘lsak, barcha
mamlakatlar gatori bizning respublikamizda ham
keyingi 4-5 yil mobaynida xalqimiz hayotida aql
bovar qilmaydigan darajadagi ulkan ommaviy
muloqot maydoni vujudga keldi. Biz mazkur yangi
ilmiy jurnalga yozayotgan so‘zboshimizni axborot
texnologiyalari xususidagi kengqamrovli fikrlardan,
yanada aniqrog‘i, birmuncha falsafiy mazmundagi
mulohazalardan boshlayotganimizning ham o‘ziga
x0s sabablari bor. Biz ishlab faoliyat yuritib turgan
Toshkent axborot texnologiyalari universiteti
Farg‘ona filialining birinchi qaldirg‘och elektron
nashri — “Al-Farg‘oniy avlodlari” jurnali yuqorida
ta’kidlab o‘tganimiz mislsiz ommaviy axborot
muhitining oliy ma’lumotli mutaxassislarini
tayyorlashga xizmat qiluvchi muhim minbarlardan
biri bo‘lib qolishga yo‘naltirilgan. Fikrimizcha,
davlatimiz rahbarining, hayotimizdagi har qanday
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maqsadu maslak, avvalo, ilm-fanga asoslanmog‘i
zarur, degan fikrlari boshga barcha sohalardan
ham ko‘ra eng avvalo axborot texnologiyalari
sohasiga yetuk, zamonaviy mutaxassislar
tarbiyalab yetishtirib beruvchi TATU va uning
filiallari faoliyatiga taalluglidir. Axir malakali
soha mutaxassislarini tarbiyalab yetishtirish bilan
bir gatorda kundalik hayot muntazam ravishda
ko‘ndalang qo‘yayotgan muammolarning har
jihatdan to‘g‘ri va mantiqiy ilmiy yechimlarini
0°‘z vaqtida topish, bu muammolarni ilmiy-nazariy
asoslash va tahlil qilish hamda hayotga tatbiq etish
0°‘z-o°‘zidan amalga oshib qolmaydi. Buning uchun
albatta sohaning salohiyatli mutaxassislari safini
kengaytirish va yanada mustahkamlash taqozo
etiladi. Keyingi 10-15 yil ichida TATU va uning
mavjud filiallarida yosh va iqtidorli tadqiqotchilar,
olisni ko‘zlab izlanishlar olib borayotgan olim va
olimalarning yetishib chiqayotgani yaqin kelajakda
0°‘z samarasini berishiga shak-shubha yo‘q.

Ikki og‘iz so‘z elektron jurnalning nomlanishi
haqida. Sharq Uyg‘onishining yetuk allomalaridan
biri bo‘lgan, Yevropada “Alfraganus” nomi bilan
shuhrat qozongan Ahmad al-Farg‘oniy (to‘liq
ismi sharifi Shixobiddin Abul Abbos Ahmad ibn
Muhammad ibn Kasir al-Farg‘oniy) o‘z nomi
o‘zi bilan biz yashab turgan ko‘hna va navqiron
Farg‘ona vodiysining, yana ham aniqrog‘i,
Farg‘ona viloyatining daho farzandlaridan biridir.
Movarounnahr, jumladan, Farg‘ona arab xalifaligi
tarkibiga kirganidan so‘ng bu yerlarda xalgning
ijtimoiy-iqtisodiy hayotida dastlab birmuncha
muddat turg‘unlik yuz beradi. Biroq oradan ma’lum
vaqt o‘tgach, xalifalikda fan va madaniyatning
qudratli rivojlanishi sodir bo‘ladi. Muhimi shuki,
Markaziy Osiyo xalglari ham bu jarayonda boshqga
xalqlar qatori faol ishtirok etadilar. Ayni shu
davrda xalifalik tarkibiga kirgan xalglar “islom
madaniyati” deb ataladigan, lekin aslida turli xalqlar
madaniyatlarining o‘zaro birlashib ketishi natijasida
yuzaga kelgan yagona madaniy harakatning
ishtirokchilari bo‘lib qoldilar. Turli xalqlar orasidan
yetishib chiqqan olimlar o‘z ilmiy asarlarini arab
tilida yozdilar. Markaziy Osiyolik barcha olimlar
qatorida Ahmad al-Farg‘oniy ham o‘z asarlarini
shu tilda yaratgan. Bu esa kelib chiqgishiga ko‘ra
turli xalqlarga mansub bo‘lgan olimlarga barcha
zamonlardagi  mashhur allomalarning ilmiy

meroslaridan bahramand bo‘lish imkonini berdi. Bu
davr — Sharq mamlakatlaridagi birinchi Uyg‘onish
davrini boshlab bergan IX asr edi. Xuddi shu
asrning o‘zida aniq fanlar — tibbiyot, matematika,
astronomiyaning jo‘shqin rivojlanish hodisasi
namoyon bo‘ldi, shu bilan bir gatorda ijtimoiy
fanlar, ayniqsa, kalom (teologiya), tarixnavislik,
tilshunoslik va shunga o‘xshash fanlar sohasida ham
ulkan odimlar tashlandi.

Xullas, Ahmad al-Farg‘oniy davri bo‘lmish VIII
asr oxiri va IX asr boshlari ana shunday beqiyos
yuksalishlarni maydonga keltirgan “insoniyatning
yulduzli onlari” sifatida tarixga muhrlandi.
Farg‘oniy va uning zamondoshlari bo‘lmish
mutafakkirlar ijodiga oid tadqiqot va maqolalarni
gayta-qayta mutolaa qilar ekanmiz, beixtiyor bir
fikrdan hayratga tushaverasan kishi: ular ilmni,
ilmiy izlanish va kashfiyotlarni bunchalar ham
sevmasalar va hurmat qilmasalar?! Ilm-fanga bu
gadar mislsiz kuchli mehr-muhabbat va mustahkam
e’tiqodni ular gaerdan, qanday omillardan oldilar
ekan? Bu mulohazalarimizning yaqqol dalili sifatida
Beruniyning quyidagi so‘zlarini ketirish kifoya
bo‘lsakerak: “Ilm o0‘z zoti bilan matlubdir. Hagigatan
ham u barcha narsadan lazzatli. Ilmdan boshqa
ganday narsada manfaat zohirroq va qandayida
foyda ko‘proq bo‘ladi, fagat ilm bilangina ham din,
ham dunyo uchun xayrli ishlarni qilish va ularga
zarar keltirishdan saqlanish mumkin. Agar ilm
bo‘lmaganida, biz jalb qilayotgan narsa yomonlik
emasligiga va chetlanayotgan narsa yaxshilik
emasligiga ishonch bo‘lmas edi.”

Beruniyning bu ibratomuz so‘zlarini oradan to‘rt
asr o‘tib, Mirzo Ulug‘bek ham takrorlaydi. U yozadi:
“Ilmdan boshqa hayot yo‘q va bo‘lishi mumkin ham
emas.”  Ulug‘bek so‘zlaridagi “ilm” va “hayot”
so‘zlarini o‘zaro yonma-yon ishlatilib, bir-biriga
ma’nodosh so‘zlar sifatida istifoda qilinishiga
e’tibor bering. Bundan kelib chiqadiki, ulug® olim
ilm deganda hayotni, hayot deganda esa ilmni
tushungan va nihoyatda oqilona tushungan. Chindan
ham, tiriklik, umr, yashamoq deb atalmish buyuk
mo‘jizaning har bir zarrasi, unsuri, atomi, hujayrasi,
neyroni boshdan-oyoq ilm emasmi? Ehtimol,
Ulug‘bekni falakiyot ilmini chuqurroq o‘rganishiga
va murakkab astronomik jadvallar tuzishiga ana
shunday erkin, nostandart fikrlari turtki bergandir?

Afsuski, Farg‘oniy haqgidagi biografik ma’lumotlar
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saglanib qolmagan, shunga ko‘ra hayoti va ijodiy
faoliyatining ko‘pgina qirralari taxmin qilinadi.
Biroq uning “Xosib”, “Munajjim ar-Rais” degan
unvonlarga sazovor bo‘lgani hamda astronomiya,
astrometriya, matematika, geografiya, geodeziya,
gidravlika, geometriya va boshqa fan sohalariga
beqiyos hissa qo‘shgani ko‘pgina ishonchli
manbalarda yozib qoldirilgan. Aynigsa, uning
“Astronomiya ilmi” asarida yunon olimi Ptolomey
g‘oyalari rivojlantirilgan bo‘lib, ilmiy dalillangan
argumentlar kiritilgan hamda tamoman yangi,
original ilmiy fikr va garashlar bayon qilingan.
Asarning uchinchi bobida Farg‘oniy tomonidan
Yerning shar shaklida ekanligi birinchi marta
to‘laqonli tarzda ilmiy isbotlab berilgan bo‘lib, bu
isbot hozirgi fan beqiyos rivojlangan asrimizda ham
0°‘z qimmatini va mantig‘ini yo‘qotgan emas.
Farg‘ona madaniy-ma’naviy mubhitidan yetishib
chigqan buyuk bobokalonimiz va uning ilmiy-ijodiy
merosi xususida kengroq to‘xtalayotganimizning
boisi shuki, biz katta maqgsad va niyatlar bilan
to‘ng‘ich elektron jurnalimizni “Ahmad al-
Farg‘oniy avlodlari” degan ramziy nom bilan atadik
va Yurtboshimiz ta’kidlaganidek talaba-yoshlarimiz
orasidan shunday ulug‘ insonlar yetishib chiqishini

orzu qildik.

Yangi elektron jurnalning katta hayotga
yo‘llanma olishi, bugungi kunda hammamizga
yaxshi ma’lumki, juda katta, olamshumul vogea
hisoblanmaydi. Respublikamiz oliy o‘quv yurtlarida
ham, xususiy yo‘nalishlarda ham elektron jurnallar
barpo etishga hech qanday to‘siq yo‘q va ular
an’anaviy tarzda chop etilayotgan ilmiy jurnallar
bilan erkin raqobat gilgan holda faoliyat yuritmoqda.
Magsad bitta — ilm-fan sarhadlari kengaysin, ilm
egallashga rag‘bat kuchaysin, ilmiy-tadqiqotlar
sifati yanada mukammallik kasb etsin. Ta’lim sifatini
yuksaltirishga intilish ham ilm-fan rivojlanishiga
kuchli ta’sir etishiga shak-shubha yo‘q.

Zero 2023 yilni “Insonga e’tibor va sifatli ta’lim
yili” deb e’lon qilinishining bosh sabablaridan biri
ham ana shundadir.

Farrux Muxtarov,
TATU Farg‘ona filiali direktori,
texnika fanlari nomzodi.

Nabijon Soliyeyv,
filologiya fanlari nomzodi.



FERGANA BRANCH OF THE TASHKENT UNIVERSITY OF INFORMATION TECHNOLOGIES NAMED AFTER MUHAMMAD AL-KHORAZMI

ISSN 2181-4252 «AL-FARG’ONIY AVLODLARI» ELECTRONIC SCIENTIFIC JOURNAL Ne1(1)]2023

RAQAMLI IQTISODIYOT SEKTORINI RIVOJLANTIRISHDA
MAHALLIY XUSUSIYATLAR ASOSIDA TADQIQ QILISH

Maxkamov Baxtiyor Shuxratovich,

Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari
universiteti rektori, iqtisodiyot fanlari doktori, professor,

b.maxkamov(@tuit.uz

Magolada raqamli iqtisodiyot tushunchalari va uning mahalliy xususiyatlari tahlili hagida so’z boradi.
Mamlakatimizning ragamli iqtisodiyot sektorini rivojlanishi, elektron tijorat, onlayn savdo yo ‘nalishlarida
amalga oshirilayotgan ishlar va unga ta sir etuvchi omillar hagida ma’lumotlar keltirilgan.

Kalit so’zlar. raqamli iqtisodiyot, elektron tijorat, CRM, feedback, to‘lov, internet, tranzaksiya

Kirish. Ragamli igtisodiyot — bu iqtisodiy, ijtimoiy
va madaniy aloqalarni raqamli texnologiyalarni
qo’llash asosida amalga oshirish tizimidir. Ba’zida
u internet iqtisodiyoti, yangi iqtisodiyot yoki veb-
iqtisodiyot degan terminlar bilan ham ifodalanadi.

1995yildaamerikalik dasturchiNikolasNegroponte
“ragamli iqtisodiyot” terminini amaliyotga kiritdi.
Hozirda bu istilohni butun dunyodagi siyosatchilar,
iqtisodchilar, jurnalistlar, tadbirkorlar — deyarli
barcha qo’llamoqda. 2016 yilda Butunjahon banki
dunyodagi ragamli iqtisodiyotning ahvoli haqida ilk
marta ma’ruza ¢’lon qildi.

Mamlakatimizda raqamli iqtisodiyotni faol
rivojlantirish, barcha tarmoqlar va sohalarda,
eng avvalo, davlat boshqaruvi, ta’lim, sog‘ligni
saglash va qishloq xo‘jaligida zamonaviy axborot-
kommunikatsiya texnologiyalarini keng joriy
etish bo‘yicha kompleks chora-tadbirlar amalga
oshirilmoqda.

Xususan, elektron hukumat tizimini
takomillashtirish, dasturiy mahsulotlar va axborot
texnologiyalarining mahalliy bozorini yanada
rivojlantirish, respublikaning barcha hududlarida
IT-parklarni tashkil etish, shuningdek, sohani
malakali kadrlar bilan ta’minlashni ko‘zda tutuvchi
220 dan ortiq ustuvor loyihalarni amalga oshirish
boshlangan.[1]

Raqgamli igtisodiyotning oddiy iqtisodiyotdan farqi
nimada? Masalan, xaridorga poyafzal kerak. Uni
bozorga tushib 0’zi bevosita tanlasa va naqd pulga
sotib olsa, bu an’anaviy iqtisod. Telegramdagi biron
savdo boti orqali 0’ziga ma’qul tovarni tanlab, tovar
egasiga pulni elektron to’lov tizimi orqali to’lash va
tovarni yetkazib berish xizmati orqali olish — ragamli

igtisodiyot deyiladi. Bu masalani eng sodda maishiy
misol orqali tushuntirishdir. Aslida, hammamiz
allagachon raqamli iqtisodiyot ichidamiz, uning
qulayliklaridan foydalanamiz. Masalan, oyliklarimiz
plastik kartalarga tushadi, elektron to’lov orqali
kommunal xizmatlar, telefon, internet va boshqa
mahsulot va xizmatlarga to’lov qilamiz, elektron
tarzda soliq deklaratsiyasi topshiramiz, kartadan
kartaga pul uzatamiz, uyga taom buyurtma qilamiz
va hokazo.

Ragamli igtisodiyot — bu noldan boshlab yaratilishi
lozim bo’lgan gqandaydir boshqacha iqtisodiyot
emas. Bu yangi texnologiyalar, platformalar va
biznes modellar yaratish va ularni kundalik hayotga
joriy etish orqali mavjud iqtisodiyotni yangicha
tizimga ko’chirish deganidir.

Belgilari:

- yuqori darajada avtomatlashtirilganlik;

- elektron hujjat almashinuvi;

- buxgalterlik va boshqaruv tizimlarining elektron
integratsiyalashuvi;

- ma’lumotlar elektron bazalari;

- CRM (mijozlar bilan o’zaro munosabat tizimi)
mavjudligi;

- korporativ tarmogqlar.

Qulayliklari:

- 1. To’lovlar uchun xarajatlar kamayadi (masalan,
bankka borish uchun yo’lkira va boshqa resurslar
tejaladi).

- 2. Tovarlar va xizmatlar haqida ko’proq va tezroq
ma’lumot olinadi.

- 3. Raqamli dunyodagi tovar va xizmatlarning
jahon bozoriga chiqish imkoniyatlari katta.

- 4. Fidbek (iste’molchi fikri)ni tez olish hisobiga
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tovar va xizmatlar jadal takomillashtiriladi.

- 5. Tezroq, sifatliroq, qulayroq.

Adabiyotlar tahlili. Raqamli platformalarning
rivojlanish sohasidagi yorqin misollardan biri
sifatida “Alibaba” elektron savdo tizimiga ega
bo’lgan Xitoy kompaniyasini keltirib o’tish mumkin.
Undan foydalanish tajribasi shuni ko’rsatadiki,
ma’lumotlar to’plash jarayonida iqtisodiyotning
turli sektorlariga ekspansiya uchun o’ta raqobatli
ustunliklar yaratiladi. “Alibaba” bu — oddiygina
ragamli platforma emas, balki platformalar
ekotizimidir. Better Than Cash Alliance moliyaviy
tahlillari shuni ko'rsatadiki, Alipay 2016 yilda 1,7
trillion dollar tranzaksiyalarni o'tkazgan, bu 2012
yildagi atigi 70 milliard dollardan kam. Keyingi 10
yil ichida Alipay o'zining foydalanuvchi bazasini
hozirgi 450 milliondan (2016 yil ma'lumotlari) 2
milliardga oshirishni rejalashtirmoqda.[2]

Raqamli iqtisodiyotning eng faol drayveri —
bu davlatdir. U raqamli iqtisodiyotning asosiy
buyurtmachisi va iste’molchisidir. Masalan, Xitoy bu
magsadlar uchun 9 milliard dollar atrofida mablag*
sarflagan. Bozor kapitalizatsiyasi 210 milliard
dollardan ziyod bo‘lgan Alibaba internet resursi

ushbu sarmoyalarning to‘g‘ri yo‘naltirilganini
isbotladi.[3]
Ragamli  iqtisodiyot insonlarning  turmush

darajasini sezilarli darajada oshiradi, bu uning asosiy
foydasidir. Ragamli iqtisodiyot korrupsiya va “qora
iqtisodiyot”ning asosiy kushandasidir. Chunki,
ragamlar hamma narsani muhrlaydi, xotirada
saglaydi, kerak paytda ma’lumotlarni tez taqdim
etadi. Bunday sharoitda biron ma’lumotni yashirish,
yashirin bitimlar tuzish, u yoki bu faoliyat haqida
to’liq axborot bermaslikning iloji yo’q, kompyuter
hammasini namoyon qilib qo’yadi. Ma’lumotlar
ko’pligi va tizimliligi yolg’on va qing’ir ishlarga yo’l
bermaydi, chunki tizimni aldash imkonsiz. Natijada
“iflos pullarni” yuvish, mablag’larni o’g’irlash,
samarasiz va maqsadsiz sarflash, oshirib yo yashirib
ko’rsatish imkoni qolmaydi. Bu esa iqtisodiyotga
legal mablag’lar oqimini oshiradi, soliqlar o’z
vaqtida va to’g’ri to’lanadi, byudjet tagsimoti ochiq
bo’ladi, ijtimoiy sohaga yo’naltirilgan mablag’lar
o’g’irlanmaydi, maktablar, kasalxonalar, yo’llarga
ajratilgan pullar to’liq yetib boradi va hokazo.
Ragamli iqtisodiyot bu ishlab chigarish kompleksi
insonlar uchun qulayliklarni  ta’minlaydigan

mahsulot va xizmatlarni yaratadigan virtual muhit
bo‘lib, ragamli texnologiyalardan foydalangan holda
iqtisodiy ishlab chiqarish tizimidir. Shuningdek,
raqamli iqtisod rasmiylashtirilishi mumkin bo‘lgan
barcha narsani qamrab olishi mumkin, ya’ni
mantiqly sxemalarda namoyon bo‘ladi. Hayotning
0°‘z1 esa bu «narsalarni» ishlab chiqarish, tarqatish,
almashtirish va iste’mol qilish tizimiga aylantirishga
imkoniyat yaratadi. Haqiqatdan ham insonning
ongidagi haqiqatida joylashgan dunyoning virtual
qismidan oldin ishlab chiqarish kuchi bo‘lmagan,
yangi g‘oyalar va mahsulotlar yaratilgan muhit emas
edi.[4]

Davlatning ragamli iqtisodiyotni rivojlantirish
yo’lini  tanlaganligi  axborot texnologiyalari
sohasida va umuman, elektron hujjatlar aylanmasi
sohasida yangi yo’nalishlar ochib beradi. “Raqamli
texnologiyalar” tomon burilishga butun jahon
internet tarmog’i va sifatli aloganing rivojlanishi
sababchi bo’ldi.

“Raqamli 1qtisodiyot” tushunchasi ko‘pincha
to‘rtinchi sanoat inqilobiga o‘tish jarayoni sifatida,
ilmiy doiralarda to‘rtinchi sanoat inqilobi (sanoat
4.0) haqidagi g‘oyalar shakllana boshlagan paytda
qo‘llaniladi. So'nggi inqilob kiber-fizik tizimlarni
joriy etish orqali ishlab chiqarishning yangi turini
0'z ichiga oladi.[5]

Jahonbankima'lumotlarigako'ra, jami 80 mamlakat
va hududlar "yuqori daromadli mamlakatlar"
toifasiga kiritilgan. 2022-moliyaviy yil holatiga
ko‘ra, yuqori daromadli mamlakatlarda aholi jon
boshiga yalpi ichki mahsulot 12 696 AQSH dollarini
tashkil qilgan.Shuning uchun ushbu maqolaning
nazariy taxmini ko‘proq daromadi past bo‘lgan
mamlakatlarga taalluqlidir.[6]

O’zbekistonda raqamli iqtisodiyot qay darajada
rivojlangan? Ta’kidlash joizki, bugungi kunda
foydalanuvchilar 0zig-ovqat mahsulotlariga
buyurtma berish uchun Telegram botlaridan faol
foydalanmoqdalar.  Shuningdek, turli internet
do’konlar, elektron to’lov tizimlari ham faol
rivojlanib bormoqda. Demak, fugarolarimiz elektron
bitimlarni amalga oshirishga ishonyaptilar. Faqat
hozirgi kungacha foydalanuvchilar katta xarajatlar
talab qilmaydigan kichik bitimlarni amalga
oshirmoqdalar, o’rtacha xarid hajmini oshirishga esa
unchalik tayyor emaslar. Endigi masala o’rtacha va
yirik iqtisodiy bitimlar va moliyaviy operatsiyalarni
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Diagramma 1. O’zbekiston Respublikasi tashqi savdosi.

ragamli texnologiyalar orqali amalga oshirishni
rivojlantirishdan iborat.

Natijalar. Dunyo tajribasini o'rganish natijasida
shu narsa ma’lum bo'ldiki, ragamli iqtisodiyoti
rivojlangan mamlakatlarda raqamli iqtisodiyotda
hukumat bozor "o'yin" qoidalarini o'yinning barcha
ishtirokchilari uchun belgilaydi va bunda davlatning
eng muhim vazifasi sifatida o'yin ishtirokchilari
uchun bir xil, teng huquqli va imkoniyatli sharoit
yaratib berish hisoblanadi. Ya'ni, bozorda katta
kompaniya bo'ladimi yoki kichik biznes, ular teng
huquqli hisoblanadi. Ularga bir xil imkoniyatlar

beriladi. Davlat qoidalarga amal qilinishi va oxir
oqibatda oddiy iste'molchi sifatli, zamonaviy xizmat
yoki mahsulot olishi ta'minlanadi. Demak, raqamli
igtisodiyot rivojlanishi uchun davlat hamma uchun
teng sharoit yaratib berishi, iloji boricha bozor
qoidalari, qonunlar, shartnomalar shaffof bo'lishi,
qgonunlar bozor talabidan kelib chigqan holda, ya'ni
bozordagi rivojlanish tendensiyalarini oldindan
aniqlay olishi va kerakli normativ hujjatlarni qabul
qilishi, o'yin ishtirokchilari uchun erkinlik berishi
Zarur.

Dunyo mamlakatlari kabi mamlakatimizda ham
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raqamli iqtisodiyot kun sayin rivojlanib bormoqda.
Kundalik hayotimizga axborot texnologiyalarni
tatbiq qilinishi oddiy insonlar uchun ko'plab
qulayliklar yaratmoqda. Uydan chigmasdan ko'plab
ozig-ovqat mahsulotlari va taomlariga buyurtma
berishimiz, ularni uyimizgacha yetkazib berishlari
mumkin bo’lmoqda.

O‘zbekiston Respublikasi Prezidenti huzuridagi
statistika ~ agentligi  ma’lumotlariga  ko‘ra,
O’zbekiston Respublikasi tashqi savdo aylanmasi
boshqadavlatlarganisbatan MDH davlatlario‘rtasida
yuqori ko‘rsatkichlarni ko‘rsatmoqda(diagramma
1). Natijalar yillar kesimida ko‘rsatilgan.

Lekin shuni ta'kidlash kerak-ki, O'zbekistonda
raqamli  iqtisodiyot  O'zbekiston potensialiga
nisbatan bir necha barobar sekinroq rivojlanmoda.
Ya'ni imkoniyat bor, kerakli resurslar mavjud lekin
rivojlanish ancha sust. Bunga sabab sifatida raqamli
igtisodiyotni O'zbekistonda rivojlanishini bir gancha
to'siglarini ko'rsatib o'tish mumkin.

- ko'plab sohalardagi monopoliya;

- internet tezligini pastligi va uni sifatsizligi;

- axborot texnologiyalari sohasida
qgonununchilikning zamondan orqada qolganligi;

- fuqarolarda kompyuter savodxonligining o'ta
pastligi;

- qonunchilikning shaffof emasligi;

- axborot texnologiylari bo'yicha mutaxassislarning
yetishmasligi yoki ularni boshqa mamlakatlarga
ketib golishi;

- axborot madaniyati, axborot gigiyenasi pastligi;

- axborot texnologiyalari xavfsizligi yaxshi
emasligi;

- boshqaruv organlarida sohani tushunadigan
mutaxassislarning kamligi yoki(ba'zilarida) ularning
umuman yo'qligi;

- ilm-fan va aynigsa aniq fanlarning rivojlanishi
sustligi(yoki rivojlanishdan to'xtab qolganligi).

Respublikamizda so‘nggi yillarda internet
tarmog‘iga foydalanuvchilarni wulash bo‘yicha
faol harakatlar amalga oshirilayotgan bo‘lsada,
lekin ragamli iqtisodiyotning elektron tijorat,
onlayn savdo qismini rivojlantirish uchun yetarli
natijalarga erishish uchun kamlik qilmoqda.
Ragamlarga qaraydigan bo‘lsak, internet tarmog'iga
keng polosali ulanish bo'yicha abonentlar soniga
nisbatan, mobil aloga orqali ulangan abonentlar

soni ko‘proqni tashkil giladi. Mobil qurilma orqali
internetga ulanishda esa hamisha ham sifat yuqori
deb bo‘lmaydi.

O‘zbekiston aholisi 2020 yil holatiga Davlat
statistika qo‘mitasi ma’lumotiga ko‘ra, 34 min.
atrofida bo‘lgan. Internetdan foydalanuvchi aholi
soni esa o‘sha yil holatiga 22 mln. odamni tashkil
etgan. Shundan 19 min. foydalanuvchi mobil
qurilmalar orqali internetdan foydalangan.[7]
Ragamlardan ko‘rinib turibdiki, mamlakatimizda
mobil qurilmalar orqali internetdan foydalanish
ancha faol hisoblanadi.

Xulosa. Elektron tijorat sohasida IT-mutaxassislar
sonini ~ ko‘paytirish  maqgsadida,  2018-yilda
Muhammad al-Xorazmiy nomidagi Toshkent
axborot texnologiyalari universitetida elektron tijorat
yo‘nalishi ochildi. 2020-2022 yillarda hukumat
elektron tijoratning o‘sishini tezlashtirish uchun bir
qator muhim gqadamlarni qo‘ydi. Unga ko‘ra:

- 2020-yil oktabr oyida “Ragamli O‘zbekiston —
2030” strategiyasining qabul qilinishi: Hukumat
butun mamlakat bo‘ylab qurilgan optik tolali aloga
tarmog‘i uzunligini hozirgi 118 000 kilometrdan
(73 322 milya) 250 000 kilometrga (155 343 milya)
ga oshirishni rejalashtirmoqda; 2030 — yilga borib
yuqori tezlikdagi internet qamrovini hozirgi 67
foizdan 100 foizgacha oshirish; mobil keng polosali
qamrovni 2022 — yilga kelib hozirgi 78 foizdan 100
foizgacha kengaytirish; axborot texnologiyalari
yo‘nalishi bo‘yicha oliy va o‘rta maxsus ta’lim
muassasalariga o‘qishga qabul qilish uchun yillik
kvotalar migdorini

- 2030 — yilgacha amaldagi 7 ming nafardan 20
ming nafargacha oshirish vazifalari ustuvor vazifalar
etib belgilangan. O‘zbekiston 2021-2022-yillarda
raqamli infratuzilmani rivojlantirishga 2,5 milliard
dollar sarmoya kiritish rejasini ma’lum qildi.

- Oc‘zbekiston Eksportni qo‘llab-quvvatlash
agentligi  Xitoyning Alibaba elektron tijorat
kompaniyasibilanhamkorlikda2020-yil oktabroyida
Alibaba.com platformasida “O‘zbekistonda ishlab
chigarilgan” bo‘limini yaratdi va unda tanlangan
mahalliy kompaniyalar mahsulotlari namoyish
etiladi; hukumat Alibaba.com platformasida 300
dan ortiq mahalliy kompaniyalarni ro‘yxatdan
o‘tkazish uchun moliyaviy yordam ko‘rsatishni
rejalashtirmoqda.

2k
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Yuqorida keltirilgan muommolar bosqicha-
bosqich, tizimli, dunyo tajribasidan kelib chiqib
hal qilinsa, O'zbekiston ham bemalol raqamli
igtisodiyoti rivojlangan mamlakatlarda biri bo'la
oladi.
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Introduction. The main feature of oil refineries is
the instability of the characteristics of raw materials
and the multi-assortment of products. At the same
time, the processing mode is largely determined by
the characteristics of the raw materials and the task
for the production of products. Due to the fact theat
it is not possible to quickly analyze the composition
of raw materials and calculate them by determining
the parameters of technological regimes, oil refining
is usually managed withe large margins in terms of
quality indicators.

The purpose of operational management is to
ensure the maximum yield of products of a given
quality from the raw materials entering the plant,
minimizing energy and material costs, i.e. ensuring
optimal performance indicators (PE) of the process.
The information on the basis of which the formation
of control actions is carried out is: restrictions on the
values of the parameters of the technological regime,
the values of the normalized indicators of the quality
of products and the PE of the process.

In practice, the way to obtain the values of quality
indicators (QI) of products is to conduct laboratory
analyzes of wiped samples. The frequency and
time spent on laboratory analyzes withe such an
organization of the information subsystem do not
provide the possibility of operational management
and maintenance of high PE.

The combination of raw materials withe unstable
characteristics and the lack of operational information
about the PC of the products obtained are the main

factors theta make the task of selecting a technological
mode extremely difficult. Theas. obtaining high
process efficiency carriers is difficult, including due
to the lack of high-quality operational information
about the process. The main difficulty in promptly
obtaining information about the PC is due to the lack
(or extreme limitations) of quality control tools for oil
refining products on stream.

The solution ofthe problem of operational estimation
of the values of the PC of all the products involved
in the process, as studies show, makes it possible to
increase the efficiency of production from several to
two tens of percent.

The simplest and most easily implemented way to
obtain information about the PC is to calculate the
required indicators for models.

The task of process control is the choice of such a
technological regime, in which, under the conditions
of technological limitations. the action of various
kinds of disturbances (controlled and uncontrolled),
the change of production tasks for the production of
products, the maximum yield of the target product of
a given quality is ensured at minimum energy costs,
which characterizes the optimal PE of the process.

All PEs of the control system can be evaluated
on a rank scale, when the rank is determined by
the complexity of the operational evaluation and
optimization of these indicators. At the same time,
a special place in the calculation and provision of
optimal technical and economic indicators (the global
goal of management) is given to maintaining the
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specified technical so far, in particular, the PC of the
products obtained. [2]

One of the main features of the processes of oil
refining and petro chemistry is the great dependence
of the PC of products n II") of production on the
characteristics of the feedstock entering the plant.
The instability of the characteristics of raw materials
determines the need to change the regime parameters
in order to maintain the normalized PC of the products
obtained.

In the operational management of processes for PE
and PC products, problems arise, first of all, in the
development of the information part of the control
system. Theism is due to the following reasons: 1)
some process parameters are practically not amenable
to accurate quantitative analysis (for example, the
characteristics of petroleum feedstock), therefore,
there is wusually no operational (“on-stream”)
information about the feedstock; 2) there is no
possible and operational determination of the value
PC of the resulting product”, which does not allow
organizing feedback on the final result of production.

The following should be attributed to the problems
of control subsystems in process control by PC: 1) the
absence of an explicit and uniform connection between
technological parameters and PC of commercial
products, which determines the ambiguity of the choice
of control actions; 2) The presence of a large number
of restrictions on the parameters of the technological
mode and PC products; 3) Limited control resources:
a typical situation is when there are fewer control
parameters than controllable coordinates; 4) multi-
criteria of the control task: when managing the PC of
products, it is required to maintain a number of PCs of
one (several) oil products.

Theas, under the conditions of frequent uncontrolled
change of raw materials, fundamental or technical
unfeasibility of measuring the majority of PE and PC,
the complexity ofthe control task, the existing methods
of building systems do not provide control efficiency.
In this regard, when managing oil refining processes,
the efficient use of material and energy resources and
the specified process PEs are not ensured.

The analysis of ways to solve the problem of control
optimization revealed, as one of the main tasks, the
need to obtain operational information about PC
products. Based on the foregoing, the main task of
the study is considered - the principles of building

and functioning of the information subsystem of PC
products for the purposes of operational management.

Based on the analysis of methods for the rapid
production of PC products, it was determined theta
often the only acceptable method is to determine
them on the basis of indirect measurement, i.e. the
calculation is indicative of the models. To calculate
the PC from the models, a situational approach to
modeling processes is used, which makes it possible to
reduce the number of input parameters of the models,
simplify the structure and procedures for identifying
the coefficients of the PC models.

The task of evaluating a PC product” by situational
models was divided into two subtasks: 1) determining
the structure and parameters of models theta are
adequate to the object. in a given area of variation
of technological parameters; 2) separation of areas of
adequacy of such models.

In addition, the task of training situational models
is also relevant, i.e. formation of a knowledge base
in the form of situational models calculation of PC
products based on observations of a real object.

the development of situational models for calculating
the PC of products involves the use of methods for
identifying a technological situation in order to select
an appropriate situational model. The paper deals
with the problem of identifying a technological
situation determined by the set R of input parameters,
the set T of technological parameters, and restrictions
on the quality of the product. Under the i - and
technological situation we mean theta the current
parameters from R and T belong to a certain subset
g,8 eRNTi=12............

For oil refining processes, often not all of the
indicative variables through which situations are
set can be set or quickly measured, for example,
the characteristics of petroleum feedstock, catalyst
activity, and the so-called. (elements of the set R ). In
this regard, the tasks of identifying the technological
situation into dependent and initial data are formulated
in two settings: 1) non-measurable process parameters
are set as initial information; 2) some elements of the
set R are a priori unknown. [3]

In the first case, the identification of the technological
situation is proposed to be carried out on the basis of
the analysis of logical expressions. To do this, at first,
the interval of permissible changes in each attribute
variable x_lis divided into x_1, subinterval in . for

sy
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each sub-singer, a Boolean variable is placed in the
outer corner

Ix, e x,
S, = Cri=lnk=12..
" |0y € x

Then the situations can be identified based on the
analysis of logical expressions O,j=/.N where

N, = H m; - the number of situations introduced into

i=1

consideration, composed of variables S, and their

negations i=[n:k =[lm,m - the number of

situational subintervals of the variable ) ;

the measured value of one attribute variable is equal
to the boundary value (boundary situation of the first
type);

the measured values of two attribute variables are
equal to the boundary ones (boundary situation of the
second type), etc.

In the general case, for n feature variables it is
possible to distinguish n gnostic boundary situations.
In addition, for any number n of feature variables, the
boundary of the n -the type will be expressed by a
point, the boundary of (n-1) type - by a straight line,
( n -2)-the type - by a plane. The remaining boundary
situations of a lower order will be characterized by
some hyperplane.

In the first case, the situation can be uniquely
identified, but since the situational model was
obtained for the central values of the situational
subintervals, then for the current situation it is possible
and reasonable to correct the estimated values of the
PC based on the consideration of the membership
function of the base case. In addition, the ego provides
a seamless evaluation of the PC when moving from
one situation to another.

For the second case, it is necessary to correct the PC
values for two situational models, for the third - for
four, for the fourth - for eight, etc.

The measure of belonging of the observed situation
to the basic options is estimated on the basis of logical
expressionsQ 1

evaluation method is reduced to the following
sequential steps: 1) Q_1conjuncts theta are inversions
are excluded from the records S, , 2) Boolean

variables S, (I) are assigned fuzzy variables withe

S, membership functions U S, (1), having a

maximum at the center of the subinterval K 13) two-
valued logic operations are put in correspondence
with fuzzy logic operations. Then the values of the

output symbol Qj ( J =l.NC)can be considered as a

function of membership of the current situation in the
J -the base case.
The correction value is defined as

4=0,20, ©

where, a_lis the weight coefficient withe which the
calculated value of the PC, obtained from the j -the
situational model, will enter the corrected value

N, A
B = Z;BMJ a,  (3)
=

where is B_j*Mthe set of PC values determined
by the j -the situational model for calculating PC
products.

The disadvantage of the proposed correction
metheod is the need to synthesize and calculate Nc
logical expressions.

To reduce the amount of calculation, the following
procedure is proposed.

Variables S; for which U( S, ) #0 form the set

S’:{S’k[}.r:l.R:R:lZ::pl "P wvalue, for each

feature variable x 1, equal to v_1, - the number of
subintervals U( S, ) #0. except when the value of the

feature variable x lis in the intervals [le o x) }or
S= {5‘,:] }.r =I.R:R= Z:p1 the lower and wupper
i=1

limits of the interval of variation of the variable are
x_Ithe variation of the variable x_1lin the cither of the
first and last sub-intervals Then the value p, =v, -1

is allocated a subset of logical expressions

O, = {Ql},]' =1,q: q :le * coo corresponding to
i=l

boundary situations . To derive a subset Q_G; fuzzy
set S is associated withe a set S , whose elements are
logical units. The set Q_Gis formed by a complete
enumeration of combinations. S, €S According to

the metheod proposed above for assessing the
belonging of the observed situation to the basic
options for the ones selected at the previous step, Q

Gfuzzy logical expressions are synthesized Q =14,
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and the value of PC is corrected but (2) and (3).
Obviously, g < N_the type of the boundary situation

is determined on the basis of the calculated Qj
t=InN/In2, (4)

where N is the number of fuzzy logical expressions
withe the same (up to rounding errors) values.

The paper explores the possibility of correcting the
calculation of the PC for situational models based on
the calculation of known types of measure (distance)
or current to basic situations. It is shown that this
approach is more laborious and contains a large
number of subjective operations, such as justifying
the type of measure, the method of normalizing
distances. It is advisable to use a correction based
on the calculation of the distance if the cumulative
influence of all variants of basic situations is estimated
for the corresponding types of membership functions
of attribute variables.

The method of identification characterizes the ease
of implementation. At the same time, it is possible to
identify the situation only in the class of measured
parameters of the technological mode, which is
a rather strong limitation on the use of the above
methods for identifying the mode of oil refining
and petro chemistry processes. Therefore, it is very
important to develop approaches to solving the
problems of identifying a technological situation also
in the presence of unmeasured process variables, in
particular, the characteristics of raw materials.

Aggregate R(\U generates a set of indicative

variables P, which determine the technological
situation. Significant variables named differently in
interdependence withe the process, or a different rush
is also important for characterizing the situation.
Therefore, the whole set P can be divided into subsets
p where it will determine the priority of the group of
attribute variables no to the criterion of reparability of
the situation, we will take a tuple of subsetsp 1,p 2...
establishes a rank scale for measuring these priorities.

Theus, the task of identifying a situation and
choosing a situational model is divided into subtasks:
I) assessing whether current parameters belong to

t°,r°,7°,e R t°,e T one of the subsets G_12) choosing
a model from among the situational models

corresponding to the g/ €GThe first task of

identification requires a solution if the subset G 1, is
not directly defined through the initial information, E
e solution is associated with the definition of trying on

features n_1, subset P_1-
It is proposed to determine the parameters of a
subset p_1based on the mapping

v{RTI——>G(m), (5

here is J Ithe corresponding criterion, by which,
from the set of ¥ {0} signs formed by the operator are

uniquely distinguished G_1.
The definition of the subset g , J was also proposed
to be carried out on the basis of the operator y {e},

but already in the subset Gj
vintj—=>gl  (6)

Here - corresponding criterion, whichis J 2uniquely
distinguished g_1from the set of i {0} features formed

by the operator G_1. Theus, the task of identifying a
technological situation is —considered as a multi-
criteria two-stage decision-making procedure.

The convergence of the decision-making procedure
is evaluated by the criterion

J=0{g!}-n>0 (7)

where the index n_lis determined by (5); Q{*} -

some operator
As a mapping model {0} for identifying the modes

of distillation processes, it is proposed to use the
model for calculating the characteristic points of the

PC (PC side extractions) #' = f(R,l),where 't e

apparat yapp drinking and % of the 1 -the selection, u
=10.90 “% coo corresponding to one of the selected
situations, for example, M 1.

Our studies have shown that outside the area of
adequacy of situational models for the processes of
separation of oil ¢ m e withe e the rectification
methods, there is an unambiguous relationship
between the input coordinates of the model R and T

and the calculated one ¢/ . are functionally related to

the measured R and T, and are also unchanged by the
parameters of the set R .

Applying the procedure for restoring the ITC curve
of raw materials from points calculated by M 1, you
can get a lot of curves, the position of which will be
determined by bothe external factors, such as the type
of raw materials, and the parameters of the
technological regime. At the same time, the functional

relationship between the parish of the model ¢ and

the process parameters R and T is clearly traced. The

Aoy
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resulting curve will be called the pseudo-ITC curve of
the raw material r (r ", t "). The raw PTC curve is an
auxiliary model designed to determine the measured
parameter - the type of raw material.

On fig. I shows the pseudo-ITC curves obtained
using the display model for some modes Cap
corresponds to the pseudo-ITC curve for the type of
raw material - a mixture of Tuymaznskaya and West
Siberian low-sulfur oil 50% / 50%; () corresponds to
the pseudo-ITC curve for the type of raw material -
pure "West Siberian sweet oil).
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Figure 1. Pseudo-ITC curves of raw materials
reconstructed from an auxiliary model

Studies have shown that for a given raw material at
various operating parameters, the pseudo-ITC curves
form a bundle of curves, the boundaries of which will
not coincide withe the boundaries of the bundle of
curves corresponding to another raw material in the
sense of the J criterion. Theus, the task of identifying
a technological situation through pseudo- ITC curves
is equivalent to the pattern recognition problem.
Moreover, the first subtask of identification of the
subset G, is reduced to the beam of curves
corresponding to the attribute; n, n €p the second
subtask of identification g, € G is defined as the flow
of the corresponding curve in this beam.

Identifying a technological situation based
on pseudo-ITC curves withe different levels of
information about the unchanging process variables
are considered, and various criteria for (6) and (7 ) are
proposed. The identification procedure has the form.

Step 1. Subset G land situation are identified

gf,gfeGl(i=l,nC;j:l,m;nc)_ the number of

subsets introduced into consideration, divided by
non- measurable process parameters (situation in
subset p|); m is the number of selected situations in
the rank of one immutable feature).

Step 2. Restore feature 77, by subset p, using feature

properties g € G,
Step 3. If the feature 7,, matches the feature defined

in step I, then the subset G 1, is identified correctly.
Otherwise, the situation is considered in the subset

G, (l #1 )If, after enumeration of the entire subset p,

no match was found for the features identified at
various stages, n_lthe following options for
completing the procedure are possible:

patterns are estimated on the basis of sensitivities,
with the involvement of information about the
"proximity" of the current regime to the selected
subsets , if there are mechanisms for adapting models,
additional subsets G 1G are allocated , and the
corresponding models M'

The development of a feature verification procedure
n_I(step 2) requires an individual -approach to
individual petroleum refining processes and elements
of the p3 subset . In particular, for the processes of
separation of oil mixtures in distillation columns (for
example, vacuum distillation of fuel oil), one of the
possible options may be additional identification of
the characteristics of the feedstock by curves of true
boiling points. To do this, the true ITC curve of the
raw material is restored according to the identified
situational model M ! for calculating the characteristic

points of lateral withdrawals and compared with the
ITC curves theta correspond to the types of oil
introduced into consideration.

In the event theta the situational models for
calculating the characteristic points of the ITC of
lateral samplings were evaluated, it was proposed to
use the following approach.

It has been established theta the pseudo-ITC curves
for different types of raw materials, reconstructed
from the same M 1 display model with the same
measured input parameters 7 € R (for example, for a
vacuum column of an oil primary processing unit),
have a different location relative to each other. Then
the aforementioned procedure for restoring the truth
of the pseudo-PTC curve can be replaced by
reconstructing the pseudo-PTC curve under the same
input initial conditions (base values). According to
the relative position of the reconstructed and model
pseudo-ITC curves, one can judge the qualitative
composition of the raw material.

The procedure for bringing the pseudo-ITC curve
of the current mode to the basic values of the input
parameters for which the model curves are determined
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is considered.

Variants of using information about the degree of
proximity of the current situation to these identified
in the identification of the situational model and
the evaluation of the values of the PC product are
considered.

The process of learning situational models can
be characterized as the formation of a knowledge
base about the volume. At the same time, it should
be taken into account that: 1) the evaluation of the
parameters of the prayer houses is carried out in the
mode of normal operation according to the observed
data of the parameters of the technological mode of
the organization of feedback on the values of the PC.
obtained by laboratory; 2) the estimated parameters
of the situational models are interconnected withe the
procedure for identifying the technological situation;
3) estimation of model parameters can be carried out
under the influence of interference on the channels
for measuring technological variables, and therefore,
the task is to select and adapt interference-resistant
algorithms for parametric identification; algorithms
for estimating model parameters should make it
possible to implement them with minimal effort on
the basis of industrial microcontrollers in conditions
of limited computer memory resources and use the
capabilities of standard libraries; 5) the use of static
models for calculating the PC implies a dynamic
correction of technological parameters in order to
bring them to one time slice, g.e. the operation of
dynamic filtering (dynamic alignment of parameters
is required.

The purpose of parametric identification of
situational models for calculating the PC of products
is the maximum approximation of the calculated value
of the model n PC values obtained in the laboratory.

Let us formulate in general terms the problem of
parametric identification of situational models for
calculating PC products. [1]

The task of dividing a set of technological situations
into subsets and forming a matrix of coefficients of
situational prayer houses is formulated as follows.
When developing training procedures for situational
models of PC calculation, an assumption is introduced
about the invariance of the structure of models
for various technological situations. As a result of
the study of models of the processes of separation
of oil mixtures by rectification methods, it was
found theta the structure of PS models, determined

phenomenological or by regression analysis methods,
can be taken unchanged in a wide range of variation
of attribute variables for typical objects and similar
PS:s.

The most acceptable option for obtaining models
for estimating PC products is to use iterative
methods to obtain the structure of PC models and an
initial approximation model to improve the rate of
convergence of algorithms, and recurrent methods
for parametric adaptation of PC models under the
influence of interference and the absence of a priori
information about interference in observations. The
recursive method of stochastic approximation 1is
adopted as the basis for the method for identifying the
parameters of the PC calculation models.

When developing training procedures for situational
chapels, two possible situations are considered: 1)
interference in the channels for measuring parameters
is negligible; 2) interference in the channels for
measuring parameters is comparable in level with
the useful signal. The first assumption makes it
possible to form a relatively easy-to-implement
algorithm for selecting the coefficient of models for
one observation. In this case, the hypothesis of the
stationarity of the characteristics is accepted, i.e. the
parameters on which training is carried out, measured
at a discrete moment n, take the same values under
the same external conditions as at the moment n-1
and d . Theism makes it possible to carry out the
steps of the stochastic approximation procedure for
one observation. Based on this algorithm, models of
the initial approximation are formed, which allow
accelerating the process of convergence of the
stochastic approximation procedure when estimating
the coefficients of the models under the influence of
noise (by a series of observations).

The peculiarity of applying the method of stochastic
approximation to the case under consideration lies in
the situational nature of the model of PC products.
In this regard, a separate and important task in
identifying the parameters of situational models is to
assign a series of current observations to the k - the
situation.

The following approach is proposed for solving the
problem of estimating the parameters of situational
models for calculating the PC products from a series
of observations.

The intervals of variation of attribute variables are
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divided into situational sub- intervals, taking into
account the area of model adequacy.

For the k -the situation (k= 1,2,... ) are given by the
size of the training sample (the number of steps n in
the stochastic approximation procedure).

Based on the analysis of logical expressions for
the k -the situation, or using pseudo-ITC curves, the
problem of assigning current technological parameters
to one of the selected situations is solved.

For the k -the situation, the next (first) step of
the stochastic approximation procedure evaluates
the parameters of the model for calculating the PC
products.

The resulting model of the k -the situation is
checked for adequacy by calculating the average
error in determining the values of the PC either by the
training sample or by the generated test sample from
the liana of the k-the situation. If the average error of
the PC calculation exceeds the specified one, then the
training of the model for the k -the situation continues
for another n series of observations [4]

The selection of a new technological situation and a
situational model for calculating the PC is carried out
on the basis of the fulfillment of the condition. At the
same time, new situational subranges of variation of
attribute variables are determined.

An approximate relationship has been established
between the error in measuring the parameters of the
technological mode, the number of steps (the size of
the training sample) of the stochastic approximation
procedure when training the situational model, and
the permissible accuracy of estimating the values of
the PC of products according to the obtained models.
The adequacy of the proposed solutions was tested
on the developed simulation model of the vacuum
column of the primary distillation unit.

The models represent the following dependencies:
ACB

a 10 .90 10
8 :(D(tlap)a‘ﬁ:q’(tl o )’tl =‘//(tl )
where is the ¢?ejection temperature a% 1i-th

selection , t -temperate pa i-10 o selection ; P -

pressure at the top of the column; v,, - coefficient of

kinematic viscosity i -10 selection: 1 " ¢ " - flash point
i-10 selection.

The input parameters of the models are the measured
parameters of the technological mode: sampling

temperatures and column top pressure. In addition, to

identify the technological situation and the model for
calculating the PC, information is used on the values
of the flow rates of raw materials into the column and
the distillation products withdrawn from the column.
Models are trained on the basis of laboratory analyzes
of the evaluated products.

According to the compiled training sample (8
observations), training was carried out. There
situational models were identified for the considered
technological situations. On fig. Figure 2 shows the
change in the PC obtained from the models and in the
laboratory for the modes of the training sample (13
observations).
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Figure 2 Change in the estimated values of
PC for the modes of the training sample ( ¢ -
corresponds to a change in the PC, determined
by the laboratory, m - coo corresponds to a
change in the PC, determined by calculation).

The average relative error estimate of the chemical
viscosity of the second fraction for the modes of the
training set was -4.5%, the kinematic viscosity of the
fourth fraction - 3.2%, the measurement of the flash
point of the second (fraction - 1.0%, The obtained
situational models for calculating the PC of products
make it possible, with an accuracy acceptable for
operational control processes (3-5%), to evaluate the
values of the PC of products of the vacuum column K-5
of the LVTm-9 installation DO PUNP'Z in the range
of variation of the parameters of the technological
mode of the training sample. [5]

Conclusion. For the purposes of operational
management by PC, it is proposed and justified the
use of a model with an unchanged structure. At the
same time, the non-linearity and non-stationarity of
processes are taken into account by the situational
nature of the models for calculating the PC of products,
identified, among other things, by non-measurable
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process parameters. A classification of identifiable
technological situations has been carried out and
a method for identifying in the space of measured
variables has been developed based on the synthesis
and subsequent analysis of logical expressions theta
define the situation in variants of two-valued fuzzy
logic. It is shown theta the proposed method provides
non-discontinuous evaluation of the PC in the
transition from one situation to another. The choice
of criteria allowing to separate situations and identify
unmeasured feature variables based on the developed
method of auxiliary operators is substantiated.
Algorithms for training situational models for
calculating the PC in the mode of normal operation
of an object have been developed, providing for both
a low and a high level of interference in observations.
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TEPMOIIOJIEBAS MUT'PALIUA U DJIEKTPOAUPDY3UA 3APAKEHHBIX TOYEYHBIX
JAE®EKTOB B IIOJIMKPUCTAIVIMYECKHUX ITVIEHKAX XAJIBKOI'EHUJIA KAAMMUSA

IMonBonoB baxtuép 3aiinoonauHOBHY,

nokTop dhunmocodpuu mo Guznko-maremMarndeckuM Haykam (PhD), no-
neHt depranckoro ¢punuaina TYUT um. Myxammena anb-Xope3Mmu,

TynakoBa Caugaxon PuBokuauHOBHA,
uccienosarenb Oepranckoro punna-
ga TYUT um. Myxammena anb-Xope3mu

XynoiioepaneBa MyxaéxoH 30Mp:KOH KU3H,

JOKTOPAHT d)eprchxoro TOCyAapCTBCHHOI'O YHUBCPCUTECTA

3aiinooupaunoB bexzon baxTtuép:kon yrim,

CTyACHTa (1)I/IJ'II/IaJ'Ia HaI_II/IOHaJ'IBHHﬁ I/ICCJIC,Z[OBaTeJ'IBCKI/Iﬁ AAep-

HbIi yHUBEepcuTeT «MU®DN» B ropoae TamkeHT

Hcaxkxonos Jlazuszdexk Cangaxmaja ymiu,

crynenra ®epranckoro prmana TYUT um. Myxammena anb-Xope3mu

AnHoTtamms. OGHapy)eHa KOPPEISIIUs MEKAY CHEKTPOM (POTOTFOMHUHECIICHIIMH W aHOMAIIbHBIMU (hOTO-
BOJIFTANYECKHMH CBOMCTBAME KOCOHAIBUICHHBIX MOJTUKpUCTaLTHYecKuX ieHOK CdTe, CdTe:In. B cnektpax
YUCTHIX 00PAa3IOB HAPSAY KPacBOi AyOICTHOMN MOJOCON JOMHHHUPYET MOJI0OCa COOCTBEHHOM JTFOMHHECIICH-
1M, 0OYCIIOBJICHHOW HAJIMYHEM MOTCHIMAIBHBIX 0aphbepOB HAa TpaHMIAX 3epeH. JIernpoBaHUE MPUMECHIO
OPUBOIHUT K TYIICHHIO TyOJETHOH MOJIOCHI, a JalbHEHInas TepMUIecKas 00paboTKa - K Pe3KOi aKTUBAIIUH
COOCTBEHHOM IMOJIOCHI, MOJTYIIHPHHA KOTOPOil CBS3aHa MAKCUMAJIbHBIM 3HAYCHHEM TeHEpUPYeMOro (hoToHa-
npsoxenus V, . =10° B/cwm .

KuiroueBbie ciioBa: ToHKas MONUKPUCTAITMYCCKAs TUICHKA, TEIUTYPH] KaJMHs, IPHMECH, JETHPOBaHHE,

TCPMUYCCKaAA 06pa60TI<a, adHOMaJIbHBIC q)OTOBOHBTaI/I‘{eCKI/IG CBOﬁCTBa, CIICKTP (I)OTOJ'IIOMI/IHCCLIGHLII/II/I, IIOTCH-

[UaJIbHbIe Oaphephl, TPAHUIIBI 3€PEH.

BBenenne. B mocnennee Bpemss B MUpE OBICTPO
Pa3BUBAIOTCS TEXHOJOTMH U3TOTOBJICHUS TOHKOILUIE-
HOYHBIX COJHEYHBIX 3JIEMEHTOB KAK aJbTCpHATHUBA
COJIHEYHBIM MOAYJIAM M3 KPEMHMEBBIX IIJIACTHHOK.
Monuxpucrammuueckuit CdTe sasnsercs naubosee

MEPCIIEKTUBHBIM (DOTOAIEKTPUUECKUM MaTepuasioM,
UCIIOJIb3YEMBIM CETrOJIHSl B MPOU3BOJICTBE TOHKOILIE-
HOYHBIX COJTHEYHBIX Monyiel. Koaddumment nones-
HOTO JCHCTBUS J1TaOOpaTOPHBIX 00PA3IIOB COTHEUHBIX
anemeHToB (CD) Ha OCHOBE reTepocTpyKTyphl n-CdS/
p-CdTe mocTosiHHO yBENTWYMBAETCS M B HACTOSIIEE
BpeMs cocTaBiseT 22,1% npu COTHEYHOM HU3Iyde-
Hud. OHa UMEeT MoYTH 2/3 YacTH TEOPETHYECKOTO
3HaYeHUsT KOA(D(HUIIMEHT TOJIe3HOTO ACUCTBUS 28—
30% Ha »THX cTpykTypax. [losToMy noBblieHue s¢-
dexrunoctn CdTe momyneii sBIsieTCs Ype3BbIYaii-

Vgazr = (N =1) _%;W

E

HO aKTyaJIbHOM HAy4YHO-TEXHUYECKOW 3amayen. Jlus
yBenuueHus: 3¢¢GexkTUBHOCTH (poTonpeoOpa3oBaHUs
CJIelyeT YMEHBIIUTh TMOTEpPH, CBSI3aHHBIE C OTpake-
HHUEM U MOTIOLICHUEM COJTHEYHOTO U3ITyYeHHs, HECO-
BEPLICHCTBOM TEXHOJIOTHH, a TaKXe He0OXOAUMO
MIPOBOAMTH OoJiee TITyOOKHe uccieioBaHus Hanbosee
BA)XKHBIX XapaKTEPUCTUK COJIHEYHBIX 3JIeMEHTOB. [e-
TepocTpykrypa n-CdS/p-CdTe mupoxo uccnemyercs
TAKXKe JUISl TIOJIyYeHUs] M IPYTHX ONTO3JIEKTPOHHBIX
npuOOPOB, MEPCHEKTHUBHOCTh KOTOPHIX B KauyecTBE
MIPUEMHHUKOB CBETa OOYCIIOBJIEHA HIMPOKOM MOJIO0COM
CIEKTPAJIbHOM YyBCTBUTEIBHOCTH C MOYTH ITOCTOSH-
HBIM 3HAYCHHEM KBAaHTOBOTO BBIXOJIa, YTO BECbMA CY-
IIECTBEHHO TP 00pabOTKE ONTUYECKUX CUTHAJIOB.
K cerogusmuemy nHIO, HECMOTpS Ha ILUPOKUE
UCCIIeIOBAaHNS BEIyIIUX HAayYHBIX IIEHTPOB IO pas-
paboTKe TEXHOJIOTHH U U3y4YEHUH MEXaHU3MOB TOKO-
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MIPOXOXKICHHS TOHKOTUIEHOYHBIX COJTHEYHBIX JIEMEH-
TOB Ha OCHOBE MoJIMKpUcTaunieckoi mienku CdTe,
OTCYTCTBYIOT COBEpIICHHAsI ONTHMAJIbHASI TEXHOJIO-
THS W WCUEpIbIBAOIINE (U3NYECKHE WHTEpIpeTa-
UK. YCOBEPIICHCTBOBAHNE TEXHOJIOTHU TOTYYCHUS
wiéHouHbIX CdTe-comHeuHBIX 37€MEHTOB U Ooee
nIyOoKoe M3ydeHHEe X (PU3NIECKUX XapaKTEPHCTUK
SIBJISICTCSl aKTyaJlbHOM M BOCTPEOOBAHHOW 3ajaueit
coimHeyHoM sHepreTuku. [loatomy mnpoGnemoil uc-
CJICZIOBaHMS TMCCEpTAIMK BhIOpaHa pa3paboTka Tep-
MOBAaKYyMHOW TEXHOJIOTHH TIONYyYSHHS TIJICHOUHOU
rerepoctpykTypsl n-CdS/p-CdTe ¢ ¢dotopesucTus-
HBIMH 1 aHOMaJIbHBIMU (hoTOBOJIbTanueckumu (ADB)
CBOWCTBAMH M W3ydeHHE (HOTOIIEKTPUUECKHX, OII-
Tuueckux cBoMcTB ciosi p-CdTe ¢ gonmonmHuTensHOM
noaceetkor n-CdS. Tlpu 3TOM OCHOBHOE BHUMAaHWHE
00palIeHo MUCCIeIOBAHUSM PO MEXK3EPEHHBIX I'Ppa-
HUII, TPUMECHO-/1e(heKTHOTO COCTaBa MPUTPAHUIHBIX
M BHYTPEHHUX 00JacTell KPHCTaNTMYECKUX 3E€PEH B
(bOopMHpPOBaHUHM BIEKTPUUECKHX, (OTORIEKTpHIE-
CKUX CBOMCTB M CIEKTPOB JIFOMUHECICHIINU MEIKO-
3epuuctoit ienkun CdTe.

JluteparypHbiii 0630p u MetomoJiorus. l3yue-
HUE MEXaHM3MOB MUTPAIHs U deKTponudy3us 3a-
PSOKEHHBIX TOYEUHBIX J1e(heKTOB BHYTpU 00Opasia siB-
JSeTCsl aKTyaJbHBbIM HAIPaBJIEHUEM HCCIIEA0BaHUM,
UMEroInM (pyHIaMEHTaIbHOE 3HAYCHUE U TTPaKTHYE-
CKHMI HMHTEpEeC, CBA3aHHBIM C MPOYHOCTHBIMU CBOM-
cTBaMH MarepuasioB. OTKpBITHE TaKUX SBJIEHUH, KaK
apdexT «manbix 103» [1] 1 3ddexT nanpHoaeHCTBUSA
[2], cTumynupyeT oco00e BHUMaHHE K 3TOH mpo0iie-
Me. A Takxke, B JaHHOU paboTe paccMaTpUBaeTCs BO-
MIPOC O B3aMMOCBSI3U (POPMBI CIIEKTpa HUZKOTEMIIEpa-
TypHOU (OTOIFOMUHE CIICHITUT (HT®JT) Cc
aHoMaJbHBIMU (poToBONIbTaMUecKuMu (ADPB) cBoil-
ctBamu KoconanblieHnsIx wienok CdTe, CdTe: In

B 3aBHCHMOCTH OT CTPYKTYPHBIX HECOBEPILEHCTB.
Tak, ¢ MOMOIBIO M3yYeHUS AMHAMUKU W3MEHEHUS
CIEKTPOB (POTOIFOMUHECIICHIIUU aBTOPHI padot [1-3]
MPEUIOKIIIA METOA TIyOOKOH OYHCTKH 0O0pasIoB
CdTe v nonyunnu nonukpuctanaeckuii Cdle cre-
XHOMETPHUUECKOTO COCTaBa, B CHEKTpe (HOTOIOMU-
HECIICHIIUU KOTOPOTO MOJTHOCTBHIO OTCYTCTBYET IpH-
MECHOE HM3JIy4€HHE U OCTACTCS TOJBKO SKCHUTOHHAsS
gacTh. AHaMU30M (HOPMBI KPAaeBOTO M3IY4EHUS MpPU
Ja3epHOM BO30YKICHUU MCCIICOBAHbI JICKTPOHHbIE
crieKTphl TBepbIX pactBopoB CdTe: In [4].

[Ipexxne yeM meperTu K pacCMOTPEHUIO CIEKTPOB

HT®JI B 4uuCTBIX M JIETUPOBaHHBIX NpuUMecsaMu In
TOHKHMX MOJUKpUCTAIUIMUECKUX closix CdTe B Hauane
MOMBITAEMCS BBIICHUTh NIPUYUHBI CTOJb CYIECTBEH-
HOTO BJIMSIHMSI IPOLIECCOB JIETUPOBAHUS IPUMECHIO /N
u nocnenytonieir TO Ha POTOBOIBTANYECKHE CBOM-
CTBa IUICHOK, aHAJIU3UPYsI MEXaHU3Mbl 00pa30BaHMs,
MUTpAlliU U CaMOKOMIEHCAIMK (OTOUYBCTBUTEIb-
HBIX 3apsKEHHBIX TOYEUHBIX 1€(DEKTOB.

PesyabTarsl. Mcxons u3 peanbHOro rpouecca poc-
Ta TOHKOTO IOJYNPOBOAHMKOBOIO CJIOS Ha amopd-
HOM IPO3pPavyHON IUIIEKTPUYECKOW IOUIOKKE IpU
TEPMOBAKyYMHOM HAINbUICHUH B YKa3aHHBIX BBIIIE
TEXHOJIOTUYECKUX YCJIOBMSIX, MOXHO HpPEICTaBUTH,
YTO KOCOHAIBUICHHAS MOJUKPUCTAIUIMYECKAs TUICHKA
dbopMupyeTCsl B BUIE CBOEOOPA3HOM TPEXCIONHOM
CTPYKTYpPBI: HAJUUNE BEPXHETO U HM)KHETO acuMMe-
TPUYHBIX JIEHIPUTHBIX CIIOEB, MKy KOTOPBIMH 00-
pasyercs KaHajl IMPOTeKaHUs (AJIEKTPONPOBOASIINMI-
ITYHTHPYIOMUHA citoit) (puc.1).

Morexyaspiwii nywok

//./__/23////

Puc. | Cremariyeckas Molelb KocoHalLLUIeHHOI
NOHEPHCTULINECKON IUIEHKIL BRIPAIEHHOIN HA CTCRIHHHON
nonowke: 87 — repxane nengapurw, F7T — HiwHne
JeHApUTEL, K3 — KpHcTAIgeckoe epHo, ff - kanan
MPOTERAHNA.

OTH TPHU CIIOM UTPAIOT PA3THYHYIO POJIb B (POPMHU-
poBaHUHU (HOTOBOIBTAMYECKUX CBOMCTB IICHOK [3,4].
Tak, Hampumep, yMEHbIIICHUE TeMIepaTypbl MOj-
JIOKKH pa3BUBACT HUXXHHUE NCHAPHUTHI, BO3MOXKHO, U
ctumynupyetr ADH, a yBenrueHue TOIIMUHBI TIJIEHOK
MPUBOJUT K PE3KOMY POCTY AJIEKTPOINPOBOIHOCTH
KaHajlla IIPpOTCKaHWsA, CIICAOBATCIIBHO, W - K IIagec-
HHIO VA o HJ’I?I KpaTKOCTHU 34€Ch Mbl OI'paHHYHMCA
PAaCCMOTPCHUEM POJIM HHUXKHETO ACHAPUTHOTO CJIOA
(HZIC), koToporo B HaNpaBIeHUN IPOXOXKICHUS TOKa
MOXHO CXEMATHU4YCCKH IPEACTABUTH KaK HHHeﬁHYIO
NEPUOANYCCKYIO IICIIOYKY ITIOCIICAOBATCIIbHO BKIIIO-
YCHHBIX YYaCTKOB IIOJIYIIPOBOAHHK - OUIJICKTPUK
— nosrynipoBogHuk (IT/II1) ¢ acuMMeTpuyHBIME TIO-
BCPXHOCTHBIMHU JJICKTPUYCCKUMU CBOMCTBaMH CJI€Ba
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U crpaBa ot audsiekrpudeckoro cios ([1C).

fw,

PI!L.?.. Cremaruuecikas SHEPICTHHOCKAN J0HHAA JHAPAMMA
HENDUEN EPHCTAIUIHMECKIN 3ICPCH © aCHMMETRHTHEIMIT
NOTEHITHAIBHBIME GEI}BEDHMII Ha IPpaHiIe KPHCTATIHTOR C
mopaMil_UiA HelernposanHoil (JOToBONBTANMeCKOIT ICHKN
( I{H"ﬁ B COCTOARIH TepMOIHHAMIMECKOrO pAaBHOBOCIN,
OO6pa3oBaHue paBHOBECHBIX aCUMMETPUYHBIX IIPU-
MOBEPXHOCTHBIX MOTCHIIMAIBHBIX 0aphepoB ¢ 00eHX
ctopoH JIC, a 3HaYUTh U KOHTAKTHOW Pa3HOCTH I1O-

tennuanos YW, =(@,, —@,,)/ e B Kakm0il dnEMeH-

TapHOU sueiike (puc.2) oOyclaBiuMBaeT TeHEparuu
BBICOKOBOJIBTHON (PoT0-DJIC B NHMHEHWHON IEMOYKe
ITII — cTpyKTypbl IpH OCBEILIECHNH:
Vi = (N =DFE (1)
rae N- 4Hcio nepruoAnYeCcKH PactoNoKeHHbIX KpH-
craiumueckux  3epeH  (K3) Bmoms  mieHkw,

Wo=@—0p 1 V=00, ¢, U - BBICOTH TIO-

BEPXHOCTHBIX OTEHIIMAIBHBIX 0apbepoB A0 U MOCIIe
Bo3nelicTBHs cBeTa cieBa (i=1) u cmpaBa (i=2) oT
JC. CornacHo JaHHOM MOJEIH MOXKHO 3aKJIIOUHTh,
YTO IIyTE€M Pa3BUTHUS CTETIEHH aCHMMETPUYHOCTH 0a-
PBEPOB @, U @, C IIOMOIIBIO ONPEIETEHHBIX TEXHO-

JIOTUYECKUX TPHUEMOB MOXKHO YBEIHYUTh MAaKCH-
ManbHoe 3Hauenue V, . u I, . Jleruposanue 1o
BBIIIIEyKa3aHHOM METOIMKE MpuMechio In 1 mocneny-

romas TO koconamnbuieHHbIX ieHOK CdTe sBnsier-

Cs1 OJHUM U3 TaKUX TEXHOJIOTUYECKUX pelieHuil. Bos-
HHUKAeT €CTECTBEHHBIM BONPOC O MEXaHU3ME,
OTBETCTBEHHOM 3a YBEJIMYEHUE Ha JIBa MOpPsJIKa 3HA-

uenus [ . v Ha nopsanok - V. B 1pouecce TO me-

Hok CdTe:In B mpenenax IOCTATOYHO HHU3KHX
temmnepatyp 250-300 °C 1o cpaBHEHHUIO ¢ HEJIETHPO-
BaHHBIMU TUICHKaMU. OTBET HA JaHHBIM BOITPOC MOX-
HO TOJy4YUTb, pacCMaTpuBasi MPOIECChl 00pa30BaHU
W MHUTpaIldU TOYEYHBIX 3aPSHKEHHBIX Ne(PEKTOB pe-
[IIETKH B JISTHPOBAHHOM /11 KOCOHAIBUICHHOM CJIO€

CdTe . 3nech MbI IMEEM JIENIO C U3BECTHBIMH SIBIIC-
HUSIMU CaMOKOMIIEHcalluu M 3nekTponuddy3uun B

TOHKHUX TOJUKPUCTAIUTMYECKUX TUIeHKaxX [4-6]. [len-
CTBUTEIIEHO, TIOCKOJIBKY NMPUMECHBIC aTOMBbI In BHe-
JPSUTACH B TIONIMKpUCTaunaeckuii cioit CdTe uemno-

CPEIICTBEHHO B IMPOIECCE POCTA IUIEHKU, TO MOXKHO
cuutath, yTo 00beM K3 10 TO moctarouno omHOpOI-
HO JIETUPOBAH.

JlerupoBanusie obpasusl CdTe:In no TO conep-

Kaak CPaBHUTEIBHO MAJyH0 KOHIEHTpauuio Vi, u

OoOHapyXMBaJld SAPKO BBIPAKEHHYI0 HU3KOOMHYIO
MPOBOAUMOCTh N-TUMA. J[0CTaTOYHO BBICOKHM YpO-
BEHb JICTUPOBAHUs (PaCTBOPUMOCTh /11 B KpUCTAILIaX

CdTe pocruraer 1o 10~ Monb % [7]) B HEKOTOPO

CTENEHM CIVIA)KMBAE€T aCUMMETPUYHOCTH IOTEHLHU-
anbHbIX 6aprepoB Ha rpanunax JC (puc.3) u ysenu-
YUBAET 3JIEKTPOIPOBOIHOCTD IIYHTHUPYIOIIETO CIIOA,
CJIeZIOBATEIbHO, CHU)KAET CIIOCOOHOCTH IUICHKHU Te-
HepupoBare ADOH.

Fe—————— SR T S i E,
11 RS
IH"'#l-l-uqnl--m-iul-t ri"' M“'Iimtlﬁ &
E, *, e
L
A
X X
—_—
a i Iy+d L+d 1 0

Puc. 3. CreMaTisecskad MoOels FHCPreTiHec kol 3oHHOoil
OHATPAMME! TeTHPOBAHEOT DOTOROIETANNCCKON TICHK
CdTe : In nocne Tepmudeckoil obpaboTEn.
OTHOCHUTEIBLHO OOJBIIOE 3HAYEHHUE (bOTOTOKa KO-
poTkoro 3ambikanus I, =2-10-8A B ocHoBHOM 00y-
CJIOBJICHO, I1O - BUIUMOMY, BBICOKOM TOBCPXHOCTHO—
OapbepHO (hOTONPOBOIUMOCTHIO, KpaTHOCTh
KoTOpoi jocturaetr R, /R = 10° omn ed. BooOmie
roBopsi, Bo Bpems TO menok CdTe:In cnenyer

€CTECTBEHHO OXKHUJIATh CIEAYIOLIUE MPOIECCh B 00b-
eme K3 [4,5]:Bo-nIepBBIX, TEPMHUYECKYIO aKTHUBAIU-
10-IUCIIOLIMPOBAHKME aTOMOB 3aMenienus Ing,, d4TO
MIPUBOAUT K 0Opa30BaHHUIO MEXKIOY3€JIbHBIX HMOHOB

+i o - o .

In;" w Bakancwmit xagmus V)@ In,, — In”" +V,./;

BO-BTOPBIX, CAMOKOMIIEHCALMIO JTOHOPHBIX ([n'') n
V—j

akuenTopHsix (V.,; ) LeHTpoB (3aBeIOMO 00pa3yroT-

csi JoHOpHO-akuenTopueie mapsl (JAIl) wmu npu-
MecHble KomIuiekehl Buma (In'' V]) ), xoropas co-

npoBoxaaeTcs nepexoaoM K3 u ero noBepxHOCTH U3
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HU3KOOMHOTO COCTOSIHHSI B CHJIBHO BBICOKOOMHOE.
[Tocnennee, B CBOIO 04epe/b, 00yCIIaBIMBAET PaCIIH-
penne OO3 u poCT BBICOTHI TOBEPXHOCTHBIX MOTEH-
uanbHbIX OapbepoB Ha rpanunax K3 (puc. 3), uto u
OTpakaeTcs, B KOHEYHOM UTOTe, B POCTE TEMHOBOTO
conpoTtuBieHus mieHKH npu TO ; B TpeThUX, MUTpa-
LIMIO TOUEUHBIX 3apsKEHHBIX e(eKkToB u3 o0bema K3
Ha €ro MOBEPXHOCTh U HAa000poT. OHAKO TIPOIIECCH
o0pa3oBaHHs MOJOOHBIX BAaKaHCHI, IIPUMECHBIX KOM-
TUIEKCOB M MX murpanus npu TO KoCOHAIbUIEHHBIX
nommkpuctammaeckux cinoeB CdTe cyiecTBeHHO

OTJIMYAIOTCS OT aHAJIOTMYHBIX MPOLIECCOB B MACCHUB-
HBIX KpUCTAJUIaX U B OOBIYHBIX MOJIMKpPUCTAIIMYE-
ckux mieHkax [6]. EcrectBenno, uro Bo Bpemst TO
BHYTPUKPHUCTAIITNYECKOE JJIEKTPHUECKoe Moje (T.e.
npurnoBepxHocTHoe moie OO3) B wHccienyeMbix
wienkax CdTe: In Bei3biBaeT Apeiid AUCTONUPOBAH-

HBIX TIOJIOKUTEIBHO 3apSHKEHHBIX aTOMOB UHws In,”

M0 BaKaHCHUSAM KaJaMUsi, HallPaBJICHHBIN U3 00bema B
CTOPOHY MMOBEPXHOCTH 3€pHA, U OOPATHO HaIPaBIICH-
HBII Apelid OoTpUIATeNbHO 3apsHKEHHBIX BaKaHCHUN
KaJaMusl OT IOBEPXHOCTHU 3€pHA B CTOPOHY €ro o0be-
Ma. B pesynbprare Takux BCTPEYHBIX TEPMOMOIEBBIX
murparueit (TIIM) wonoB In" u Bakamcuit V/
(dbopMupyeTcsi UX HEOIHOPOIHOE MPOCTPAHCTBEHHOE
(TepMOAMHAMHYECKH PaBHOBECHOE, HAaINpuMEp,
OOJILIIMAHOBCKOE) pacIpecIICHHE:
ess)

ey

N, (X)=N__(0)e " |
YTO BBI3bIBAET OOPATHBII MOTOK OUIOJSAPHON nu-
(by3un 3THX TOYEUHBIX 1e(EeKTOB, ypaBHOBEIINBAIO-

1M, B KOHEYHOM CYEeTe, UX IOTOK 3a cueT TIIM.
3nece N, .. (0) u N,,(0) - xoHmeHTparus HOHOB
Cd

In™ wn Bakaucuii V] Ha rpanune Mexmy KBa3UHEMH-

TpanbHbIiM 00beMoM U OO3 (puc.3).0Ocobo ciemyer
orMeTuth, uto TIIM In*' u V] no o6e cToponbI au-

QJICKTPUYCCKOI'O CJI0A ITPOUCXOAUT B ACCUMCTPUYIHBIX
QJICKTPUYUCCKUX IOJIIX, B PE3YJbTATC YCro KOJIMUYC-

cTBO MOHOB 1", BBIXOAAIMIMX Ha Tpanuiy K3, ciesa

ot JIC Oyner 3HauuTenbHO Oonblle, YeM crpaBa. B
OapwepHbIX obnactsax 1, u 1, (puc.3) omHOBpeMEHHO

OyayT mpoucxonuts acummerpuunbie TIIM u anekT-
ponucddys3ust noHOB oA JeiicTBUEM "BCTPOEHHBIX"
BHYTPU-KPUCTAJUNIMYECKUX DJIEKTPOCTATUUYECKUX I10-
neit OO3. Ilpu UCTOLIEHHBIX U3rHbax KpaeB dHepre-
TUYECKHX 30H B IPUTPAHUYHON 00JaCTH KPUCTAILIU-

N, (x)=N,_ (0)-e T (2

YEeCKOro 3epHa N-THMa OapbepHOE DICKTPHUYCCKOES

EB

noie “# aHuzoTpomnHo Biauser Ha TIIM u anekrpo-

mbdysun  In™ u V], a umenno®*  samemiser

snexrporuddysuio V. u HaoGopor, yckopser TIIM
In+i
PEeH HOHBI /1" YaCTUYHO KOMIIEHCUPYIOT IOBEPXHOCT-
HBIC aKICTITOPHBIC COCTOSIHUS, YTO BJICYET 32 COOOM
YBEJIMUEHUE CPOJICTBA MMOBEPXHOCTH K DJICKTPOHAM U
POCT KaK BBICOTHI, TAK M aCHMMETPHYHOCTH OaphepoB

Ha NMpoTUBONOI0KHBIX Ipanunax K3. ITpu atom ecre-
CTBEHHO YBEJIMYUBACTCA HACBIIICHHE ITOBEPXHOCT-

K I'paHuIaM 3€PCH. BBIXOI[HH_[I/IC Ha I'paHHUIly 3C-

HBIX 000pBaHHBIX CBsizeil 3a cuer TIIM nonos In'',
Vo] v uX 3apsDKEHHBIX KOMIUIEKCOB, KOTOPOE BBI3bI-

BACT JIOMIOJHUTEILHBIA POCT TEMHOBOTO COIIPOTHUBIIC-
Hust otoxokeHHoM tieHkn CdTe: In n3-3a ymeHbIie-

HUS  UIIYMOBBIX TOKOB, T.€. IOBEPXHOCTHOM
anektpornpoBoagHocTu K3. Takue cioxxHblie mpoiiec-
cel camokoMmIteHcanuu, TTIM u anekrponuddys3uu, B
KOHEYHOM cUeTe, MOAIEP>KUBAIOT MPOIIECChl pencIia-
penus atoMoB Cd u In OT €CTECTBEHHOUW MOBEPXHO-
CTH IJIEHKU. MeX3epeHHbIe TPaHuUIIbl ABIISIOTCA Ola-
TONPUSTCTBEHHBIMH U1 3¢pHOTpaHUYHON Tuddy3un
[7] pa3pbIxieHHBIMH TIPOCIIONKaMH, Te Kodhduim-
eHT nuddy3ur aTOMOB MOYTH HA MOPSAIOK OOJIBIIE,
4eM BHYTpPHU KpHCTaJIuTa. MaTemarudeckoe Mojie-
nupoBanue nuddy3un 1ByxX3apsHKeHHbIX IpUMeceil B
MOJTYTIPOBOJHHUKE C YU€TOM BHYTPEHHETO dJIEKTpHYe-
CKOTO TIOJISI MPOBOAMIOCH BO MHOTHX paboTax (cMm.
Harpumep, [6,7]). B mamem ciyuae nporeccel TIIM
u anekTpoauddy3un 3apsokeHHbIX aedektoB B OI13
(puc. 3, 0<x<11 u 0<x<I12) npu TUHEHHOM KOHTH-
HyaJIbHOM TMpeJene BAOAb OCH X MOXHO OIUCATh
CUCTEMOH YpaBHECHMUIA:

azv;’,;tx,z) =D, azi\g%gx,t) +u, %[N; (x, z)%} Ya(Ny, _; Ni(x,0)
€) 2
w =\ n, (1) = p (D) + Y 2, NL () |,
ox &€, ~
(4)

A

i

[l n@n-p o+ 2N, (x,z)jdx =22, Ni ().
a B

0

©)

3nech i=1 cnepau i =2 cnpasaor IC; N., D,,
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W,, Z, © Y, - KOHIEHTpanus, kodphuuent aud-

(dy3un, TOABMIKHOCTD, dPGEKTHUBHBIN 3apsia U Kod(]-
(UIMEHT CKOPOCTH TEPMUYECKOW IreHEepaIiH O- 3apsi-

’KEHHOTO 1leHTpa ( Harpumep, o.=1 gma In u o=
-2

2 s Vg, ); n v p — KOHLIEHTpAIHs CBOOOTHBIX DJIEK-

TPOHOB U JIBIPOK, NV, — KOHIIEHTPAIHs TIOBEPXHOCT-

HOTO [3- YPOBHSI C 3apsI0BBIM COCTOSIHUEM Z[3, e- a0-
COJIIOTHOC 3HAau€HHME 3apsia JJIEeKTpPoHa, &,

-3JIeKTpUYecKas TOCTOSIHHAs, &-IUAJIEKTpUYECcKas
nponunaemoctb K3, t-epems TO. KoadpdunueHTs
Do u po ynoBaeTBOpSIIOT COOTHOIICHUIO DUHIITEHA
Da = za poe/kT, npuuem nns noHopos za > 0, po> 0,
a B cirydae akuentopos zo <0, u, <0. Ypasuenus (3),

(4) u (5) nocymiecTBy SIBISIOTCS ypaBHEHUSIMU He-
npepbIBHOCTH, [lyaccoHa M 3IeKTPOHEUTPaTLHOCTH
[8-9].

Kak npaBuno, ypasuenus (3) u (4) MOXKHO YHCIICH-
HO PEIUTh METOJIOM Pa3HOCTHBIX cXeM [8] u mocTpo-
UTh 3aBUCUMOCTL @ (X,1). DTO naBayio ObI BO3MOXK-

HOCTB CJICAUTH 3a KHUHETUKOU U3MEHEHUA ACUMMCTpHUN
OapbepoB ¢ u ¢, B mporecce TO U, B KOHCYHOM

cueTre, MON IeicTBHEM ocBenleHus. OaHako, Takas
MHTEpECHAasl TPyJOEeMKasl 3a/laua BBIXOAUT 3a paMKu
HACTOSLIEH IuccepTaluy U 3/1€Ch JUIsl KPaTKOCTH Mbl
orpaHUYuMcs rpy0oit olleHKOM KodppuieHTa oumo-

JsapHON 1 dy3un 3apsIKEHHBIX HeHTpoB 1 u'V 7

. Econ AOIIYCTUTB, YTO BPEMs OIITUMAJIBHOT'O OYYBCT-

BlIeHMs V/, . 0OpaTHO NPONOPLUHOHATBEHO KOI(PdHIIK-

enTy Murpauun (3nexrpoanddysun) uaaus In; (unu
iy _ AE
Bakamcuii kagmust V) ) ©~D™' ~exp (k_TDj , TO IUIs

D moxkHO nosryunts pu T=800 K 3rauerne D~10""

em?/c[9-10], 9TO HEIIOXO COINIacyeTcs ¢ JIMTeparyp-
HBIMU JaHHBIMU [6-8]. Takum o6pazom, nmporecc TO
nomukpuctaummaeckux mwieHok CdTe:In moxHO

omnucarp Ha s3bike TIIM u anextponudpysun.

3akmodenne. B 3akmiouenue storo maparpaga
JUMIIHUAN pa3 3aMETHUM, 4TO JIETUPOBAHUE UHIUEM KO-
coHanbuieHHBIX IeHOK CdTe kayecTBEHHO H3Me-

HSET ero (hOTOBOJIFTaNUECKHe CBOMCTBA: YBEIUUHUBA-
eTCsl MaKCUMAITbHOE 3Ha4YeHue V, . Ha mopsinoK, al |
- Oosiee yeM Ha JBa TOPAJIKA; OOHAPYKUBACTCS Pe3-

Kasi TEMIIEpaTypHas 3aBUCUMOCTh [ ¥ ero crekrpa

[8-10].

Pa3paboTaHa TEXHOJOTHWS IOIYyYCHUS aHOMAJIBLHO
(OTOBOJIBTAMYECKOW TUICHKH METOJIOM BaKyyMHOTO
ucnapenusi CdTe w nerupyromeit nmpumecu In B Ko-

nndectBe 3-7 Macc.% U3 pa3IMyYHbIX TUIVIEHN IPY AaB-
JICHUH OCTaTOYHBIX ra3oB 107 - 10° mm. pm. cm. Ha
CTEKJISIHHYIO MOJUIOKKY c TEMIIEPATypOu

250-300 °C, npuuem HanbuieHue [n 3a1ePKUBAIOT

Ha 2-3 MUH. U NpEKpallarT Ha 3-5 MUH. paHblle,
yem HanbuieHne CdTe , a TepM0o0OPabOTKY IPOBOASAT

B arMocdepe Bo3ayxa B npucytctBuu napos CdClI2
npu temneparype 250 °C B Teuenue 2-4 MuH.
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Introduction. In the commodity structure of
international trade, oil, gas and products of their
primary processing have been occupied and stably
kept for many years, which are significantly ahead of
all other goods and items of export-import operations,
which determines their key role in the regional
commercial energy balance.

The main systemic problems of oil refining as a
key element of the oil industry include the following:
low oil recovery factor, low quality and unstable
composition of oil products, insufficient automation
and quality control of oil refining processes, insufficient
efficiency of existing production equipment; low
depth of processing, discrepancy between the quality
of the final product and export requirements, and
some others.

The ever-increasing competition in the global
economy and the transition to new standards of energy
and resource saving, quality and environmental
safety create the need for continuous tightening of
requirements for primary oil refining processes, which
causes an obvious need to develop new systematic
approaches to increase production efficiency in the
oil industry, optimizing the management of the main
processes and, as a result, improving the quality of the
final products of oil refining.

The pronounced systemic nature of this problem
determines the need to solve it on the basis of system
research using modern methods and tools of system

analysis, modeling theory, control and optimization.

One of the main problems of primary oil refining
is the insufficient level of efficiency of the existing
equipment and the quality of control, the solution
of which can be achieved by a systematic analysis
of typical industry-specific oil refining processes
as objects of control and optimization according to
frequency criteria of the quality of multiloop cascade
control systems.

Literature review and methodolgy. The process of
primary oil refining is the most high-tonnage, energy-
intensive and resource-intensive. This circumstance
determined the choice of the process of primary oil
refining at atmospheric-vacuum distillation units
as a complex object of system analysis, control and
optimization.

To date, there is no unified strategy for the system
analysis of typical industry multi-stage processes of
primary oil refining, which, based on integrated system
quantitative assessments, can identify inefficiently
controlled technological parameters and develop
recommendations for optimizing the corresponding
multi-loop cascade control systems. [1]

A multi-stage process of primary oil refining as a
complex technical object of control and optimization,
which includes the following stages:

1. Analysis of the system structure of the
primary oil refinery, including the definition and
characterization of input and output flows; drawing
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up structural and enlarged process diagrams, as well
as operator diagrams of blocks and nodes, which
reflect topological connections and allow classifying
parameters and interconnected flows of blocks and
nodes.

2. Analysis of the process control subsystem of an
oil refinery, including the compilation of a list and
passports of existing local control systems, which
indicate the characteristics of parameters and flows, as
well as absolute and integral indicators of the quality
of control processes in steady-state and transient
modes of operation.

3. Analysis of the information-measuring subsystem,
including the study of the composition of the complex
of technical means and the quality of measuring the
parameters of flows and equipment; definition of
requirements for their measurements; analysis of the
characteristics of existing measuring instruments;
assessment of the quality of measuring the parameters
of flows and equipment.

4. Analysis of subsystems of interlocks and
protections, including the study and characterization
of the composition and performance of automatic
systems of interlocks and emergency protection, as
well as an assessment of the degree of their compliance
with the requirements for the performance of the
control system.

5. Analysis of the energy efficiency of the oil refining
process, including the characteristics of the received
and received oil products for the reporting period,
the calculation of the planned and actual specific
consumption of thermal energy for processing, the
determination of the degree of energy efficiency of
the process.

6. Analysis of the level of automation of the oil
refining process, including the determination of
quantitative and qualitative indicators of the degree
of automation of the following functions: process
control; control of quality indicators of streams;
control and registration of parameters of streams and
equipment; analysis of regime situations; transfer of
information to the upper level of management; start
and stop equipment. [2]

7. Analysis of the reliability of the control system,
including the compilation of a design logic diagram
of reliability and the calculation of the failure rate of
all components of the system.

8. Comparative analysis of the relative effectiveness
of local ATS based on the DEA method (Data

Envelopment Analysis) and includes an assessment
of the relative integral indicators of the quality of
regulation of local loops in static and dynamic modes,
which allows you to set the parameters that the
control meets the requirements and identify how far
the indicators of inefficiently controlled parameters
are far from their potentially possible effective values.

9. Formation of a conclusion on the quality
of management, in case of compliance with the
requirements, recommendations are developed on the
practical use of the results of the system analysis, and
the task is considered solved, otherwise the transition
to the subsequent stages of the system analysis is
carried out.

10. Analysis of the dynamics of circuits with
inefficiently controlled parameters, including the
selection and justification of mathematical models
focused on the use in parametric optimization
problems to describe the objects of regulation of local
automatic control systems in the form of transfer
functions for the considered channels of action of
master and disturbing influences.

11. Parametric optimization by frequency quality
criteria of typical controllers of local automatic control
systems with inefficiently controlled parameters of
a multiloop control system based on the alternance
optimization method.

12. Evaluation of the absolute quality indicators of
control processes in optimized local loops in static
and dynamic modes of operation, after which the
transition to stage 8 is carried out.

The main task of the considered multi-loop control
system 1is to control the temperature of fuel oil at the
furnace outlet, and the main disturbances, for which
the ACS is designed to compensate, are the fuel oil
temperature at the furnace inlet, fuel oil consumption
in the vacuum column and superheated steam
consumption at the furnace coils inlet.

For the mathematical description of the processes of
movement of liquid and vapor through the pipeline,
which have a significantly lower inertia compared
to other processes occurring in the vacuum unit of
the AVT installation, first-order aperiodic links were
used.

The resulting mathematical description is oriented
to further use in optimization procedures when
solving the problem of parametric optimization of a
multi-loop automatic control system by the process of
heating raw materials. [2]
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Ensuring the maximum degree of invariance of local
control loops with respect to each other and to external
disturbances can be considered as the main optimality
criterion in the problems of parametric synthesis and
optimization of cascade automatic control systems,
taking into account additional requirements for the
quality of transient processes formulated in the form
of given restrictions on the maxima of the amplitude-
frequency characteristics of local closed circuits of
the synthesized system through the channels of the
setting influences.

Results. In the most general case, a multiloop
cascade control system, including 7 loops, can be

represented as shown in Figure 2, where z, (s)is the
controlled variable iof the -th loop; W, (s)and

w, (S)are the correct rational transfer functions of

the control object iof the th circuit through the
channels of the control and disturbing influences
u,(s)and f;(s), respectively. In this case, the transfer

function W (s) can contain any necessary information

that satisfies the hypothesis of the low-frequency
nature of the disturbances. [3]

Transfer Functions of Regulators W, (s,A,),i=1,n
are considered to be functions of the desired vectors
A =(8).1

settings,
form.

:r/qof unknown parameters of their

given in the standard fractional-rational

Figure 1 - Structural diagram of
the cascade control system

In a number of practical cases, as an optimization
criterion, (A, ) i - circuit, it is advisable to choose the

maximum amplitude frequency characteristic

= max | " (iw, A, | of this circuit through the

a)eOoo

channel of the perturbing action, which has a transfer
function W (S,A[) . As a result, the problem is

reduced to finding n parameter vectors

A, =(At/)

minimize the maximum frequency response of all
circuits of the nominal system through the channels of
disturbance action:

=1 kl,l =1,n settings of regulators that

—) min ,i=1,n,
A;eG,cE"

= max za) A

a)eOoo

zjt

(1

where G, is the set of parameters A, that ensures the
stability 7of the contour; W, (ia), Ai)— amplitude-

phase characteristic iof the -th circuit along the
perturbation channel.

At the same time, the requirements for the quality
indicators i of the th circuit can often be formulated as
a restriction on the maximum frequency response
za) A, | of'this circuit through the channel of the

| zui

driving influence, where W_,, (iw, A l‘) is the amplitude-

zui

phase characteristic iof the -th circuit along the
channel of the driving influence. As such a limitation,
it is advisable to consider the limitation on the value
of the oscillation index M,, which is the maximum

Value of the amplitude-frequency characteristic
la) A | on the frequency axis in relative units:

| zui

= max

wEOw

.. za) A, |<Ml.,i=l,_n.
2)

Thus, we come to the parametrized problem (1)-(2)
of optimizing n control loops of a multidimensional
cascade system, while the problem of parametric
synthesis i of the loop is reduced to the standard form

of the following semi infinite optimization problem:

max W, (iw,A,)|—> min ,
we0,% A;eG,cE"
(3)
mOaX zui la) A | < Mi’ (4)
in which it is required to find the vector of optimal
parameters A, (A ) =1,k k,  typical  regulator

w, (s, Ai), which provides the minimum response ¢

of the i- circuit to an external disturbing action
according to criterion (3) under the conditions of
limitation (4) on the index of the oscillatory processes
of transients i of the i-circuit along the setting channel.

[4]
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With the chosen structure of the controller,
W.(S,Al.),the problem (3)-(4) of parametric

pi
synthesis of the optimal controller is a mathematical
programming problem with an infinite number of
restrictions of type (4), which is proposed to be solved
in the paper on the basis of the alternance method of
parametric optimization.

According to this method, the solution of problem

(3)-(4), which is a certain vector of parameters A",

satisfies special alternance properties, according to
which on the frequency axis @ €[0;+) there are at

leastR, 21 different points ®,,,qg=1LR;andR, 21

various points @,,,s =1,R at which the amplitude-

uis ?

W, (io.A™)  And

frequency characteristics |

7.

io, Ai””’)

reach their maximum values equal to

I, ( opt)andF ( "‘”) M, respectively, under the

condition:

Rﬁ+Rm =k +1, (5)

where £, is the number of desired controller settings

w.(s,A,).

pi
An exception is the situation when there is a
minimum number of such points, i.e. R, =1 and (or)

R, =1, thentheinequality ispossible R, + R, <k, +1
if k=2,

The noted properties make it possible to compose in
the case (5) a closed systemk, +1 equations for

W, (ia),A["’”) And

frequency response |

za) A, "pt

about allk, +1 desired parameters,

which are k, component A, = (Aijop ’), j =1Lk, vector
A, and minimax 1, (Ai[’p t) :

If there is additional information about the form of
the corresponding AFC, this system of equations can
be supplemented with the condition for the existence
of an extremum of the indicated frequency
characteristics at these points. Then we get the system

2(k[ +l) equations, the solution of which are k;the

parameters of the controller settings

AT = (A Opt) J=Lk; magnitude 1, (A[”‘”’),
frequencies @} ,¢=1,R, and & ,s =1, R, :
ol (i A7)
(o s () -0 LA
o, (i, A _
‘VVM(M);?,A?F() -M,; = 0;67 =0;s :1’Rui;Rﬁ +R, =k +1
(0]

(6)

For an unambiguous representation of the system of
equations (6), a preliminary unambiguous choice of a
combination of quantities is required, which requires
additional analysis R, and R, , implemented within

the framework of the variant under consideration,
after which the problem is reduced to solving this
system. [5]

For a typical case, when R;,+R, =k <k +1,

system (6) is supplemented by an equation written as
a condition of equality to zero of the determinant,
composed of the derivatives of the frequency response
over the reference and disturbance channels for the
desired controller parameters:

O e e ey
oA, ’ 0A,

s=LR;;q=LR;R,+R,=k;j=1,

ui fi i it
(7)

To solve the problem of parametric synthesis and
optimization of a multi-loop cascade ACS based on
the alternance method, the following algorithm is
proposed in the work:

1. At the first stage, the requirements for the quality
of regulation in the frequency domain are formulated
in the form of setting restrictions on the oscillation

=0,

indicators M,,i= 1,7 for all control loops.

2. At the second stage, the optimal settings are
determined A)™ = (AOpt) i =1,k, typical control loop

controller i=1 according to the scheme of the
alternance method described above , based on the
requirements for ensuring a given degree of oscillation
M, of the first circuit through the channel of the

master influence and minimization of the circuit's
response to an external unregulated disturbing
influence f,.

By
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3. At each subsequent stage, the problem of
parametric synthesis of a typical controller of the

i-control loop is solved (i =2, n) , 1.e. optimal settings
are determined A}™ = (A;‘”t ) ,Jj =Lk,i=2,n regulator

according to the scheme of the alternance method,
based on the requirements for providing a given
degree of oscillation M, of the circuit under

1

consideration through the channel of the driving
influence and minimizing the response of the circuit
to an external unregulated perturbing influence f,,

with the optimal settings of the regulators determined
at the previous stages A" = (A_Zpt),j =Lk, l=1i-1

contours from the Istto (1i-1).

4. At the final stage, the quality of the obtained
transient processes of the system and its stability are
assessed.

The developed algorithm for parametric synthesis
of typical controllers was first tested in relation to a
typical ACS by the process of heating the raw materials
of the vacuum unit of the AVT installation, which has
the worst integral estimates of the efficiency of local
control loops of technological parameters. [6]

The thesis considers a typical block diagram of a
multi-circuit automatic control system for the process
of heating raw materials (Figure 2), consisting of a
cascade system with two control loops (regulators
W, (s,A)and W,,(s,A,)) for the temperature of the

fuel oil at the outlet of the furnace (Zz) and changing
the flow of fuel oil supplied to the furnace (z,), and a
single-circuit control system (regulator W,,(s,A,))
of the steam flow to the furnace (zo) .

fys)

Zql=) {s

-:-(?-S?H n,..h]]_';.'uu..ln|T-"{n,._-:-| o -

Figure 2 - A typical block diagram of the
ACS by the process of heating raw materials

The control object of the internal loop is a section of
the pipeline with a transfer function W, (s), through

which fuel is supplied to the furnace.

The transfer function of the control object of the
external loop of the cascade system is a linear
combination of the transfer function of the closed
internal loop and the transfer function W,,(s), which

describes the change in the temperature of the raw
material volume (z,)heated in the furnace, and can

be represented by a second-order aperiodic link. [ 7]
The cascade system is affected by external

disturbances, the main of which include a change in

flow (f,) superheated steam into the furnace and

change in flow(f,) processed raw materials (fuel
oil). At the same time, the consumption(z,)
superheated steam supplied to the furnace is regulated
by a local single-circuit ACS (regulator W ,,(s,A,) ),
in which the control action (1, ) is the change in steam

flow in the furnace coils.
The control object, described by the transfer
function W, ,(s), is a section of the steam pipeline

through which steam is supplied to the furnace.

In the ACS scheme considered by the structure, the
link of the transport delay is assigned to the outputs of
the object and the noise filter f, .

Transfer functions of control objects W, (s) , W,,(s)
,W ,(s) with constant coefficients are presented in

Table 1. Transfer functions of typical regulators
W,(s,A,),i=0,2 are considered to be given up to

parametervectors A, = (A;), j =L k; andrepresentable

in the standard fractional rational form.

The proportional-integral-differential (PID) law is
chosen as the control laws, which is the most universal
of the typical control laws and has the greatest
control capabilities. Thus, the problem of parametric
synthesis and optimization is reduced to the problem
of finding the optimal tuning parameters for typical
PID controllers in a multi-circuit automatic control
system by the process of heating the raw materials of
the vacuum unit of the AVT unit.

To solve this problem, we developed an algorithm
for solving the problem of parametric optimization
of typical controllers in a multiloop control system,
which includes the following steps.

1. At the first stage of the solution, using the
alternance method, the tuning parameters are
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determined A" = (AY"), j =1,3 internal loop
controlleri =1 cascade system, for which the channel

"disturbing influence - controlled value" is not set.
2. The second stage of solving the problem is the
optimization of the outer contouri=2 cascade

system, i.e. search for a vector of settings parameters
AY" controller W,,(s,A,) from the condition of

minimizing the response of the ACS to the disturbing
action f; . The solution is carried out according to the

scheme of the alternance method described above
with fixed (obtained at stage 1) optimal values of the
tuning parameters A" regulator W, (s,A”"). In this

case, the optimization criterion /2(A,) is given in the

form of functional (3) minimizing the maximum of
the amplitude-frequency characteristic
|W2Zf2 (io, AI,A2)| contour along the channel of the
action of the perturbation f,, and the restriction

F2(A,) of the form (4) is superimposed on the

maximum of the amplitude-frequency characteristic
|W22u (i, Al,A2)| contour on the reference channel.

[8]

3. At the third stage of solving the problem of
parametric optimization of ACS by heating raw
materials, the vector is determined Ay controller

settings W, (s,A,) local ATS of steam flow to the

furnace. A feature of the application here of the

procedure of the alternance method described above
is the choice as an optimality criterion/0(A,)

maximum frequency response of the cascade
automatic control system for the perturbation channel

|W2zf0(ia), Ay, A, AT, for which the synthesized

control loop acts as an external controlled influence
with pre-fixed optimal values of the tuning parameters
of the local controllers of the cascade system A}” and

A", found at steps 1 and 2. Constraint FO(A,) limits

us 2

. . ot
the maximum frequency response|W0m (za)”P AO"‘”’)

contour to be optimizedi =0 through the channel of

the master influence.

4. At the final stage, the quality of control processes
in the time domain is evaluated and the effectiveness
of the ACS after parametric optimization is analyzed
based on system integral estimates obtained by the
DEA method.

The described algorithm was tested in solving the
problem of parametric optimization of a multi-loop
automatic control system by heating raw materials
for the cases of the presence and absence of transport
delay links in the structure of control objects. [ 9]

The results of solving the problem of parametric
optimization of a multi-circuit automatic control
system by the process of heating raw materials in the
presence of a delay link in the structure of control
objects are presented in tables 2-4 for various values
of the oscillation indices of local circuits MO, M1 and
M2.

Table 1. Transfer functions of the control objects of the automatic control system for the raw material heating

ACS Transfer function, W(s) Transp. late .
contour
1 1 0
W (s)= ;
n(s) 16-5+1
2 48 3,6-(4,67-s+1) r=175¢
W, (s)= W (5) =— :
2(5) 742-5* +239-5+1 72(5) 742 5% +239-5+1
0 1 0
W (s)=——
() 3,6-5+1
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Table 2. Results of solving the problem of parametric optimization of the internal contour i =1of the cascade

System

M1 1.05 1,10 1.15 1.20 1.25 1.30 1.35 1.40 1.5 1.6
A 15 15 15 10 10 10 10 10 6 6
A" 48.8 30.6 22.3 16.5 13.8 11.9 10.42 9.29 7.27 6.23
A" 244 10.88 17.18 6.83 9.07 10.9 12.4 13.6 1.94 2.82

Table 3. Results of solving the problem of parametric optimization of the external contour i =2 of the cascade

System
M1 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70
A" 0.118 0.144 ]0.171 0.198 0.226 ]10.254 ]0.282 ]0.311 0.340 ]0.369
A 1.421 1.467 1.511 1.554 1.595 1.634 1.671 1.708 1.742 1.776
A 3.711 3.824 3938 14.052 |4.167 |4.282 4,398 |4.514 4,630 |4,746
12(A) 0.072 0.074 ]0.075 0.077 0.079 0.080 [0.082 [0.084 [0.085 0.087

Table 4. Results of solving the problem of parametric optimization of the local contouri =0 regulation of

steam flow into the furnace

M1 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65 1.70
AP 1.776 1,760 1.778 1.816 1.897 1.967 2.130 2.302 2.546 2.864
01
A% 0.474 0.316 0.198 0.105 0.033 -0.034 -0.081 -0.126 -0.164 -0.197
02
AP 10.953 11,530 12.274 13.173 14,330 15.609 17.401 19.499 |22.216 |25.727
03
0 1.377 1.432 1.488 1.542 1.598 1.652 1.708 1.763 1.818 1.873
10(A7")

As an example, Figure 4 shows a graph of
transient processes in the synthesized control
system with optimal settings for the controllers
during the initial start-up of the furnace at the time

t, = 0sec with reaching the specified fuel oil

temperature (Z, = (390°C) and the action of external

in the flow rate of

superheated steam (through the channel f, —z,)

disturbances: a change

at time #, =1500 sec and a change in the flow rate of

raw materials (through the channel f, —>z,) at
time?, =3000 sec. [10]

The use of the DEA method for assessing
the effectiveness of control showed that after
parametric optimization, local ACS, which had
the worst integral estimates of the quality of
control processes, now received estimates equal
to one, which means that they fully comply with
the requirements for transient and steady-state
operation of the ACS.
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U'F-‘!éMJI-{L‘l:Hj. -
Figure 3 - Transient processes in
the automatic control system with the
temperature of the fuel oil of the AVT
installation at M0=1.25, M1=1.6, M2=1.5

Conclusion. An analysis of a typical multi-
stage process of primary oil refining as a complex
technical object of control and optimization is given,
which allows, based on the construction of system
integral estimates of the relative efficiency of local
control loops, inefficiently controlled technological
parameters are identified and the corresponding
multiply connected control systems are optimized.

1. The evaluation of the efficiency of control of
typical oil refining processes using the proposed
methods leads to the need for parametric optimization
of multiloop control systems that do not meet the
requirements for control quality.

2. The problem of optimizing cascade control
systems is formulated and an algorithm for solving
it developed on the basis of the alternance method is
proposed, which allows to ensure the maximum degree
of invariance of local control loops with respect to
external disturbances under given restrictions on the
maxima of the amplitude-frequency characteristics of
closed local loops of the synthesized ACS along the
channels of master influences.

3. The dynamics of control objects is described
and the synthesis of mathematical models of local
automatic control systems is presented in the form
of transfer functions for the considered channels
of action of master and disturbing influences on the
example of automatic control system by the process
of heating the raw material of the vacuum block of the
AVT installation. [11]
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Introduction. Science fiction writers, futurists, and
filmmakers have long predicted that the rise of artificial
intelligence will bring about significant, and possibly
dangerous, changes. However, despite its widespread
integration into our daily lives, Al has not caused
any catastrophic events. Smart sensors, automatic
parking, and personal assistants on smartphones are
just a few examples of how Al has quietly become
a part of our lives. Artificial intelligence means an
intelligent artificial system that performs logical
and creative human functions. The term can also be
applied to any technology that exhibits characteristics
associated with the human mind, such as learning and
problem solving.

An ideal characteristic of artificial intelligence is
the ability to evaluate and take actions that have the
best chance of achieving a specific goal. The world
of Al is almost limitless, and it's becoming more and
more powerful thanks to growing engineering and
computing capabilities.

An ideal characteristic of artificial intelligence is
the ability to evaluate and take actions that have the
best chance of achieving a specific goal. The world
of Al is almost limitless, and it's becoming more and
more powerful thanks to growing engineering and
computing capabilities.

Various narrow functions, tasks and activities
can already be performed at the level of human
capacity and above, sometimes reducing the need for
humans[1].

Literature review and methodolgy. The President
of Uzbekistan issued a decree (No. PQ-4996) on 17
February 2021 to facilitate the rapid integration of
artificial intelligence technologies. This decree is in
line with the "Digital Uzbekistan - 2030" strategy,
which aims to expand the use of Al and enhance access

to digital data. The decree outlines several measures,
including the promotion of scientific research to
implement Al in various sectors, development of
innovative products and automation software, and
fostering cooperation with foreign institutions for
joint projects[2].

Additionally, the decree calls for the creation of
favorable conditions for training skilled professionals
in the field of Al, forming a scientific ecosystem
for the advancement of digital technologies, and
introducing Al into the social and economic sectors
and state management system. In web programming,
Python allows you to create the entire backend of an
Internet resource.

Backend is an internal component of the Internet
resource. This is a database stored on a remote server
computer. According to the user's request, information
is obtained from such a database and transferred to
the browser on his computer. And the data received
here is processed by the second component of the
site frontend. One area where this programming
language is in high demand is machine learning.
These technologies are closely related to artificial
intelligence, neural networks and deep learning.
Machines are already fully capable of learning when
performing automated analysis of certain amounts of
data. At the same time, the need for programming is
minimized during machine learning. Many libraries
are suitable for this task, such as Numpy, PyTorch,
Pandas, etc. With their help, you can easily perform
all mathematical calculations, because. they are able
to do them automatically without human help. All that
remains is to analyze the obtained results and choose
the optimal solution for further tasks.

Results. Al may not replace teachers in the next ten
years, but there are various ongoing projects utilizing



FERGANA BRANCH OF THE TASHKENT UNIVERSITY OF INFORMATION TECHNOLOGIES NAMED AFTER MUHAMMAD AL-KHORAZMI

ISSN 2181-4252 «AL-FARG’ONIY AVLODLARI» ELECTRONIC SCIENTIFIC JOURNAL Ne1(1)]2023

computer intelligence to enhance the educational
experience for both students and teachers. These Al
roles will be influential in shaping and defining the
future of learning.

1. Artificial intelligence has the potential to
streamline certain tasks in education, particularly
assessment. Grading student work is often a tedious
and time-consuming task for educators, leaving less
time for lesson preparation, student interaction, and
professional development. While Al will never fully
replace human judgment, it has become increasingly
capable of automating multiple-choice assessments
and may soon be able to grade fill-in-the-blank and
even student writing. Although essay grading software
is still in its early stages and not yet completely
reliable, it is likely to improve in the future, freeing
up teachers to focus on more engaging classroom
activities and personal interaction with students. By
automating certain aspects of assessment, Al can
help to alleviate the workload of teachers and enable
them to provide more individualized attention to their
students, ultimately improving the overall quality of
education[3].

2.Education can be customized to meet the individual
needs of students at all levels of education. Al is poised
to significantly impact education by offering higher
levels of personalized learning opportunities. One of
the ways Al is already facilitating this personalized
learning is through the implementation of flexible
curricula, games, and software that cater to students'
specific needs. These systems enable students to focus
on topics that they need to improve on, review what
they may not have fully understood, and work at their
own pace. Personalized learning can help students
of different levels to work together in the same
classroom, with teachers serving as facilitators, and
providing support as necessary. Adaptive learning has
already made a significant impact on education in the
United States, thanks in part to programs like Khan
Academy. As Al technology advances over the coming
decades, adaptive learning programs are expected to
further improve and expand, providing students with
even more opportunities for personalized learning[4].

3. Artificial intelligence can identify areas for
improvement in teaching materials and lectures,
which may not always be apparent to teachers,
resulting in students becoming confused about certain
concepts. Coursera, an online learning platform,
is already utilizing this approach. When a large
number of students answer a homework assignment

incorrectly, the system alerts the teacher and provides
a tailored message with hints on the correct answer
for future students. This framework helps to bridge
gaps in explanation that can occur in courses,
ensuring that all students are building on the same
foundational knowledge. By providing immediate
feedback, students can understand a concept better
and remember how to apply it correctly in the future,
without having to wait for a professor to answer[5].

4. Artificial Intelligence-based tutoring programs
are gaining popularity among students who need
extra help. Although human tutors offer benefits
that machines cannot yet replace, Al-based tutoring
programs can teach basic subjects such as math and
writing. However, they currently have limitations
in helping students with higher-order thinking and
creativity, which require human educators' assistance.
This does not rule out the possibility of Al tutors
providing these services in the future. With the rapid
pace of technological advancements in recent years,
advanced tutoring systems may become a reality
soon[6].

5. Al-powered software can provide valuable
feedback to students and educators, not only assisting
in the creation of customized courses but also in
evaluating the success of the entire course. Many
schools, particularly those offering online education,
use Al systems to monitor student progress and
alert teachers when there are performance issues.
These Al programs enable struggling students to
receive the support they require and professors to
identify areas where learning can be enhanced. These
schools' Al systems offer more than just course
recommendations; some are also developing systems
to assist students in selecting majors based on their
academic strengths and weaknesses. While students
are not required to participate in counseling, it can
open up new opportunities for potential students in
terms of college options|7].

6. The impact of Al systems on the way we
interact with information is often unnoticed, but it is
significant. For instance, Google personalizes search
results according to the user's location, while Amazon
recommends products based on past purchases.
Siri also adapts to user needs and commands, and
web advertising is tailored to individuals' interests
and buying habits. These intelligent systems will
continue to shape how we interact with information
in our personal and professional lives, and their
influence may extend to how data is found and used

BN
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in academia and schools. With Al-based systems
already having transformed the way we interact with
data, the integration of more advanced technologies
could lead to a new era of research and fact-finding
for students[8].

7. New technologies, such as intelligent computing
systems, can bring about changes in the role of
teachers in education. While teachers will always
be present in education, their responsibilities and
significance may evolve due to the advancements of
Al. As previously mentioned, Al can perform tasks
like grading, provide learning assistance to students,
and even replace human tutors. However, Al can be
applied to many other aspects of teaching as well. For
instance, Al systems can create learning experiences
that allow students to ask questions and find
information, or even substitute teachers for the most
elementary course materials. Nonetheless, in most
cases, Al supplements the role of teachers rather than
replace them altogether. Teachers can complement Al
classes, provide support to struggling students, and
offer human interaction and hands-on experiences.
This shift in the teacher's role is already happening in
many schools, especially those that employ an online
or flipped classroom approach[9].

8. Al-based systems can provide a less intimidating
environment for trial and error learning, which is
essential for the learning process, as some students
fear failure or being put on the spot. Al educators
can offer a non-judgmental learning experience and
provide solutions for improvement, making it easier
for students to learn. In fact, Al 1s well-suited for this
type of learning since Al systems themselves often
learn by trial and error[10].

9. Al-driven data has the potential to revolutionize
the way schools identify, educate, and assist their
students. With intelligent data collection facilitated by
Al systems, universities can customize every aspect
of the college experience to suit the unique needs and
objectives of each student. This includes recruitment
efforts and course selection, among others[11]. Data
mining has already become an integral part of higher
education, but Al could take this transformation to the
next level. Some institutions have already introduced
Al-based instruction to help students transition from
high school to college. In the future, the college
selection process could resemble that of Amazon or
Netflix, recommending the best schools and programs
based on students' preferences and interests.

10. Artificial intelligence has the potential to

completely transform education by changing the
location of learning, the individuals who teach
students, and the methods students use to acquire
essential skills. Even though major changes may take
several years, Al systems can revolutionize every
aspect of education. With the use of Al-powered
software and support, students can learn from any
location at any time, thereby replacing certain forms
of classroom instruction. However, in some cases,
Al may even replace teachers[12]. Currently, Al-
based education programs help students learn basic
skills, but as these programs expand and developers
gain more knowledge, they can offer more services to
students. The educational process may be completely
different in a few decades with the integration of Al
technology.

Conclusion. In the future of education, teachers and
machines will work hand-in-hand to help students
learn more effectively and efficiently. As artificial
intelligence takes over tasks like testing and grading,
personalized curriculum development, and emotional
understanding of students, teachers will be able to
focus on teaching social skills and acting as coaches.
This shift in roles will allow teachers to provide
emotional support and guide students towards their
goals. Additionally, Al-powered education can
provide better learning opportunities for students in
remote areas and offer personalized online learning
options. With widespread internet access, students in
developing countries and remote locations can access
high-quality education previously unavailable to
them. Overall, the implementation of Al in education
has the potential to transform the role of teachers and
improve educational access and outcomes for students
worldwide.
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Introduction. Non-text elements include ink stains,
paper stains, pictures, etc. that were not removed
during the binarization process. Their extraction can
be done, for example, by extracting the connection
components in the image, calculating geometric
features and classifying the connection component as
part of the text or as a defect using machine learning
or heuristic methods.

At the stage of identifying segmented text features,
a set of features is formed that allows solving one or
another problem of the analysis of the manuscript text,
and it depends on the practical problem to be solved.
Thus, when solving the problem of recognizing a
handwritten text, features of handwritten signs that are
common to one character are determined, and when
determining the author of a handwritten text, features
specific to the author of the text are determined.

In the character space formed at the stage of
recognition, recognition is carried out based on one
or another recognition method.

Literature review and methodology. At the
moment, the task of automating the process of
analyzing handwritten text images has not been
fully solved. One of the most important stages is the
preliminary processing of manuscript images, which
is underdeveloped.

This article examines such interferences, which are

common in practice, and the available algorithms for
their elimination or reduction.

Geometric distortion. In the digitization of
manuscript text images, sources such as changes in
the lens of the digitizing device and distortion of the
geometric similarity of the image with respect to its
original appear.

The main types of initial image distortion include
distortion (pillow and barrel distortion), warping,
and perspective. One of the ways to eliminate such
distortions is to reduce the nonlinear predistortion of
the raster during image spreading, which allows to
compensate for the expected distortions. In addition,
the distorted raster can be a posteriori corrected based
on a polynomial approximation of each horizontal
and vertical line. The approximations are then used
to calculate the inverse correction functions for
each grid cell. The spatial curvature method allows
to eliminate perspective distortions. By tilting the
image of an elongated object viewed from the side, it
can be made to appear as an image viewed at a right
angle. Another important application of this method
is to correct paired images of the same scene taken at
different viewing angles.

Uneven lighting. Due to incident light in an optical
medium, the scattering of image particles in the light
path decreases exponentially, and as a result, the image
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quality obtained by light microscopy deteriorates
and defects such as uneven illumination appear [1].
As a result of light absorption and scattering, light
spectra change and it causes background objects to
be unevenly illuminated [2]. Uneven illumination
of background objects causes various problems
in document image analysis. If the lighting in the
handwritten text images is uneven, the recognition of
the texts in the image will often lead to ineffective
results. In general, high-accuracy text recognition
involves converting the grayscale image to a binary
image and extracting the text. At the same time, due
to uneven illumination, the binary image has artifacts,
which causes incorrect extraction of text from the
regions of these artifacts.

Contrast variability. Contrast is defined as a change
in brightness. In most cases, contrast refers to the
difference between high and low intensity pixels in
an image. In addition, contrast can be obtained as the
difference between the pixel values of the top or bottom
of the object and the background in the image [3].
Factors such as interference environment, sunlight,
illumination and occlusion often lead to contrast
variability [4]. Contrast variation in handwritten text
images causes various problems in extracting the
foreground text from the background of document
images and using traditional thresholding methods
and algorithms in their analysis. Such problems are
overcome by applying image quality improvement
techniques before image binarization.

Disruption due to ink leakage. Ink smears or ink
bleeds occur when text is written on both sides of the
paper, or when ink used on one side begins to show
on the other side of the paper. The presence of ink
leakage in the binarization of handwritten text images
leads to increased interference. The ink spreads from
one side of the page to the other, causing the quality
of the text there to deteriorate. Many ideas have been
proposed to prevent such disruptions, and researchers
have faced two major challenges. The first problemis a
corrupted document digitized in high resolution. This
is except for cases involving a digitization project or
a library. The second problem is found in all methods
of recovery. This is due to the fact that the original
and complete sample of historical document records
is not available in the quantitative analysis of the
results [5]. This problem can be solved by preparing
a specific image with quality distortion based on the
original truth [6] or by improving the image quality
by knowing the original truth in the distorted images

[7]. Although reliability is not available, efficiency
can always be analyzed. It is necessary to determine
the quantitative effect of the recovery result for the
next stage. For example, characters in a handwritten
text image can be evaluated by analyzing the output
of optical recognition systems.

Faded ink or faded characters. There is considerable
historical, social and political interest in analyzing
large numbers of official documents and placing
them in digital libraries and archives, where most
of the official documents are typed. This creates
various problems related to their recognition [§]
. Each individual character in a document may
appear thinner or thicker compared to other printed
documents or characters around it. It directly depends
on the printing part of the particular character button
on the machine and its pressing force.

Second, most machine-printed documents survive
only as copies printed on very thin paper (Japanese
paper) with a unique texture. In addition, most
machine-printed copies of documents (originals and
carbon copies require a harder key press) are blurred
[9]. Problems such as reuse and wear, tears, stains,
paper clip rust, holes, document fragmentation, and
discoloration adversely affect the quality of machine-
printed historical documents.

View behind painting or paper. After the digitization
of manuscripts, many problems arise due to
distortions in images and low resolution digitization.
Such problems have a negative impact on the visual
appearance of the image [10]. Historical manuscripts
can have various forms of corruption. All the disorders
in them depend on the passage of time and have a
different nature [11]. However, one of the biggest
problems with documents is the quality degradation
caused by one-sided writing being reflected on the
back of the paper. In the past, many documents were
written on both sides of the paper [12] . This problem
occurs when the ink on one side shows through on
the other side, making the document difficult to read.
Such disruptive documents need to be restored to
make them easier to read. Solving the problem of
the appearance of ink behind the paper allows you to
significantly reduce the time of image compression
and download them faster over the Internet. If such
distortions in the image are eliminated, a clear
background can be achieved [10] .

Fading. There are two types of blur in handwritten
text images, motion blur and focus blur. In general,
motion blur artifacts are caused by the relative speed
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between the camera and the subject, or sudden rapid
camera movement. Out-of-focus blur occurs when the
light beam fails to converge on the image. Research
topics in solving the blurring problem are implemented
using blurring evaluation tools in images to evaluate
the accuracy of optical character recognition, thereby
allowing the user to obtain new images and provide
the opportunity to achieve the required recognition
accuracy.

Fine or weak text. Manuscript documents written in
the past consisted of very thin or faint text, written
mostly in ink and sometimes through paint. Fading
of the ink or paint used in the writing of historical
manuscript documents results in a deterioration
of the image quality of the manuscript. In other
cases, the use of low-quality ink and the nature of
the paper used will cause thin or weak text. This
complicates the application of binarization methods
and text recognition. Nowadays, researchers are more
interested in the analysis of historical manuscript text
images, which poses various challenges. Distortions
in historical documents, such as delicate or weak
texts, are prompting researchers to develop image
enhancement and binarization algorithms that
provide good enough results to solve these problems
[13]. Based on the binarized images, successive steps
such as joint displacement detection, page or line
segmentation were created later.

Degraded  documents.  Typically,  original
documents written on paper come in a variety of
media (ink, graphite, watercolor) and formats (maps,
spreadsheets, and notebooks). Such documents
may contain informational, evidential, associative
and significant information of intrinsic value [3]. A
document consisting of historical, legal or scientific
information is considered to be of great evidentiary
value if the original state of the media format and
image has not undergone a drastic change or quality
has not deteriorated [5]. Nevertheless, the careless
use of documents is not the only factor that leads to
the loss of their parts, deterioration of quality and
various damages [3]. Factors such as poor storage
and poor use and environmental conditions also
affect the quality of documents. In addition, serious
damage and quality deterioration can also be caused
by environmental factors.

Results. To achieve this goal, it is necessary to
perform the following tasks:

- analysis of the modern state of problems of
processing and recognition of handwritten text

images;

- researching the problem of quantitative assessment
of the quality of the original image of the handwritten
text;

- separation of periodically repeating straight lines
in the image;

- handwritten text image binarization;

- segmentation of handwritten text lines and words
in the image;

- experimental research and evaluation of the
effectiveness of algorithms created for preliminary
processing of handwritten text images;

- creation and practical application of a set of
preprocessing programs for handwritten text images.

Conclusion.The main practical problems to be
solved based on the analysis of handwritten text
images were studied. In this case, it was proved
that the initial processing stage of given images is
important in the creation of systems for the analysis of
handwritten text images and has a significant impact
on the final results of the system.

Specific features of processing and analysis of
handwritten text images are identified and the main
problems are described. Algorithms that allow
solving the stated problems were analyzed. As a result
of the analysis, their achievements and shortcomings
were determined. It was found that the existing
algorithms completely or partially solve some of the
identified problems. This situation shows the need to
develop and research algorithms for pre-processing of
handwritten text images.
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Introduction. In Python, class members can be
classified into three categories: public, protected,
and private. These access modifiers determine the
visibility and accessibility of the class members to
other parts of the program.

Public members are accessible from anywhere in
the program, both inside and outside the class. They
can be accessed using the dot operator after creating
an instance of the class.

Protected members are not accessible from outside
the class, but they can be accessed from within the
class and its subclasses. In Python, this is achieved
by adding a single underscore before the name of the
member.

Private members are not accessible from outside
the class or from its subclasses. In Python, this is
achieved by adding two underscores before the name
of the member.

Understanding the difference between public,
protected, and private members is important in object-
oriented programming, as it allows for better control
over the visibility and accessibility of class members.
This can help in improving the overall design and
security of a program.

Literature review and methodology. Python is
a dynamically typed programming language [1, 2].
Python is an object-oriented programming language.
But unlike many object-oriented languages, in
Python, the scope of an object's use is determined by
its current set of methods and fields, as opposed to
inheriting from a specific class. The approach used in
Python is called "duck typing". The name of the term

comes from the English “duck test” (“duck test”),
which in the original sounds like “If it looks like a
duck, swims like a duck and quacks like a duck, then
it probably is a duck” (“If it looks like a duck, swims
like a duck, and quacks like a duck, then it's probably
a duck") [3]. In Listing 1, the parse node() function
takes several parameters; Python does not specify
the types of the parameters. Referring to parameter
methods in the function body will be correct if the
objects passed as parameters have these methods. This
means that if the visitor object class has the prepare()
and visit() methods defined (it “behaves like a duck”™),
then accessing them will succeed (it is considered that
“it is a duck™). If, for example, the visit() method is
not defined for the object class, then the interpreter
will generate an exception AttributeError: A instance
has no attribute 'visit' if visitor is an object of class
A.[4]

Many practical problems of our time in economics,
architecture, electronics and other fields of science at
a certain stage of development require the solution
of complex problems consisting of many interrelated
parts. To solve them, a systematic approach is used,
which allows you to get a single answer that takes into
account all subtasks. But when the question concerns
a formalized mathematical version of the problem of
optimizing a solution for many factors and criteria at
the same time, then the number of relatively general
methods that give a single answer is very small. By
constructing hypersurfaces corresponding to the
output data of the experiment, their sections by level
hyperplanes and their intersections, the optimization
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area is reduced to the minimum possible dimension
for subsequent selection among equivalent points by
the user.

Toimplementthealgorithm, the Pythonprogramming
language was chosen, since it has wide capabilities
for working with data arrays, is easy to learn and
portable to any devices and systems. The software
library includes two working classes: the main class is
used for the optimization operation and working with
database tables; auxiliary contains three basic groups
of methods for processing sets of points and curves on
a plane. The optimization methods of the main class
of the library allow two main operations to be carried
out: a section by a level plane and a search for the
intersection of two hypersurfaces in spaces with the
same dimensions. In the first case, one database table
and a given height value for the level plane are used.
On the basis of a complete enumeration of the values
of the table, the contour curves of the hypersurface are
constructed in all two-dimensional planes, except for
those parallel to the section, which are subspaces of
the workspace and fill the regular grid of table values.
For each curve, the points of intersection with the
projection of the section plane are found and stored
in a new table representing the result of the section
in the new dimension space one less than the original
one. The intersection of two surfaces, unlike the first
method, requires working with two source tables in
the same dimensions. The resulting table is filled with
the values of the intersection points of the contour
curves of two hypersurfaces and has the dimension
equal to the original one.[5]

Encapsulation is one of the fundamental principles
of object-oriented programming (OOP). It refers to
the practice of hiding the implementation details of an
object from the outside world, and instead providing a
public interface through which other code can interact
with the object.

In Python, encapsulation can be achieved through
the use of access modifiers, which control the visibility
of class attributes and methods. There are two main
types of access modifiers in Python:

Public: attributes and methods that are accessible
from outside the class. These are not prefixed with
any special characters, and can be accessed using the
dot notation.

Private: attributes and methods that are only
accessible from within the class itself. These are
prefixed with a double underscore (e.g. " my

private attribute"), and can only be accessed using
special name mangling syntax (e.g. " ClassName
my_private attribute").

Here's an example of how encapsulation can be
implemented in Python:

Listing 1. An exampleEncapsulation in Python
class Car:
def init_(self, make, model):
self. make = make
self. model = model
def get make(self):
return self. make
def get model(self):
return self. model
def set _make(self, make):
self. make = make
def set_model(self, model):
self. model = model

In this example, the attributes "make" and "model"
are declared as private using the double underscore
prefix. The class provides public getter and setter
methods for these attributes, which allow other code
to access and modify them indirectly. By doing
this, the implementation details of the Car class are
hidden from the outside world, and the code is better
organized and easier to maintain.

Results. Public Members. Public members
(generally methods declared in a class) are accessible
from outside the class. The object of the same class is
required to invoke a public method. This arrangement
of private instance variables and public methods
ensures the principle of data encapsulation.

All members in a Python class are public by default.
Any member can be accessed from outside the class
environment.

Listing 1: Public Attributes
class Student:
schoolName =
attribute

'XYZ School' # class

def _init_ (self, name, age):

sy
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self.name=name # instance attribute
self.age=age # instance attribute

You can access the Student class's attributes and
also modify their values, as shown below.

Example: Access Public Members

>>> std = Student("Steve", 25)

>>> std.schoolName

'XYZ School’

>>> std.name

'Steve'

>>> std.age =

>>> std.age

20

Protected Members. Protected members of a class
are accessible from within the class and are also
available to its sub-classes. No other environment is
permitted access to it. This enables specific resources
of the parent class to be inherited by the child class.

Python's convention to make an instance variable
protected is to add a prefix _ (single underscore) to
it. This effectively prevents it from being accessed
unless it is from within a sub-class.

20

Listing 2: Protected Attributes
class Student:
_schoolName = 'XYZ School'
# protected class attribute

def __init_ (self, name, age):
self. name=name #
protected instance attribute
self. age=age #
protected instance attribute

In fact, this doesn't prevent instance variables from
accessing or modifying the instance. You can still

perform the following operations:

Example: Access Protected Members

>>> std = Student("Swati", 25)
>>> std._name

'Swati'

>>> std._name = 'Dipa’

>>> std._name

'Dipa’

However, you can define a property using property
decorator and make it protected, as shown below.

Listing 3: Protected Attributes
class Student:
def init_ (self,name):
self. name = name
@property
def name(self):
return self. name
@name.setter
def name(self,newname):
self. name = newname

Above, @property decorator is used to make
the name() method as property and (@name.setter
decorator to another overloads of the name() method
as property setter method. Now, name is protected.

Example: Access Protected Members
>>> std = Student("Swati")
>>> std.name
'Swati'

>>> std.name =
>>> std.name
'Dipa’

>>> std._name # still accessible

'Dipa’

Above, we used std.name property to modify name
attribute. However, it is still accessible in Python.
Hence, the responsible programmer would refrain
from accessing and modifying instance variables
prefixed with _ from outside its class.

Private Members. Python doesn't have any
mechanism that effectively restricts access to any
instance variable or method. Python prescribes a
convention of prefixing the name of the variable/
method with a single or double underscore to emulate
the behavior of protected and private access specifiers.

The double underscore  prefixed to a variable
makes it private. It gives a strong suggestion not to
touch it from outside the class. Any attempt to do so
will result in an AttributeError:

Listing 4: Private Attributes
class Student:
__schoolName = "'XYZ School'
# private class attribute

def _init_(self, name, age):
self. name=name #
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private instance attribute
self. salary=age #
private instance attribute
def _ display(self): #
private method
print('This is
private method."')

Example: Access Private Members and Errors
>>> std = Student("Bill", 25)
>>> std.___schoolName
AttributeError: 'Student' object
has no attribute '__schoolName'
>>> std.__name

AttributeError: 'Student' object
has no attribute '__name’

>>> std.__display()
AttributeError: 'Student' object
has no attribute '__display'

Python performs name mangling of private
variables. Every member with a double underscore
will be changed to object. class  variable. So, it
can still be accessed from outside the class, but the
practice should be refrained.[6]

Example: Access Private Members in Python

>>> std = Student("Bill", 25)
>>> std._Student__name

'Bill’

>>> std._Student__name = 'Steve'
>>> std._Student__name

'Steve'

>>> std._Student__display()

'This is private method.'

Conclusion. Python is a modern fast-growing
programming language that continues to grow in
technology market share. So, according to the monthly
ranking of the popularity of programming languages
PyPL, created on the largest web service of projects
Github, based on search queries on the Internet,
Python takes the first place at the time of June 2022

with 27.61% of the total number of requests related to
programming languages. One of the reasons for the
popularity of the Python programming language is
that this programming language has a large number
of additional specialized software libraries designed
to process and analyze large amounts of data. [7]

Thus, in the Python programming language,
members with public, protected, and private views
can be used. But the use of these members is quite
different from how it is in programming languages
like C#, Java, C++. This aspect is also another priority
of the Python programming language.
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Introduction. The most dangerous aspect of the
modern world based on artificial intelligence is that it
is based on the principle of "Winner Takes All". This is
a factor that increases social tension and international
conflicts. In the international arena, the competition
for the database is expanding, as is the struggle for oil
and other fuel resources.

The main factor of development in the globalized
world is determined by technical and technological
progress. Also, the scientific and technological
network, economy and security have been developing
synchronously, interacting with each other for
several centuries. Today, a new factor in social and
economic life - artificial intelligence - has rapidly
entered and actively participates in our daily life. For
example, Google can remember and recommend the
most searched commands. Corporations collecting
such huge data are actively interfering in political,
social and economic processes by reanalyzing it.
Database control has become a major goal of many
governments[1].

Artificial intelligence means an intelligent artificial
system that performs logical and creative human
functions. The term can also be applied to any
technology that exhibits characteristics associated
with the human mind, such as learning and problem
solving. Anideal characteristic of artificial intelligence
is the ability to evaluate and take actions that have the
best chance of achieving a specific goal.

The world of AI is almost limitless, and it's
becoming more and more powerful thanks to growing
engineering and computing capabilities. Various

narrow functions, tasks and activities can already be
performed at the level of human capacity and above,
sometimes reducing the need for humans[2].
According to research, in the next fifteen years, Al
technologies will have a greater impact on society
than any other possible advancement and will bring
about changes on the scale of a global revolution. This
is characterized by two different impact segments:
first, Al technologies will have a significant impact on
companies and employment. In this regard, groups of
closely connected companies and organizations that
make decisions based on big data will emerge, which
will lead to increased global competition between
them. Second, humans will be able to enjoy unlimited
additional benefits thanks to artificial intelligence.
Some cases that have occurred in the system of
international relations in recent years show that
military security and defense systems are becoming
directly and indirectly dependent on Al technologies.
In particular, with the withdrawal of US troops in
2021, the change in the political balance did not occur
only in Afghanistan. A similar process took place
in Iraq. This international trend is also explained
by the migration of political and economic centers.
More importantly, these changes took place not only
from a geographical point of view, but also from a
technological point of view. The discovery of drones
and their successful use in several operations has
shown that it is no longer beneficial for the United
States to maintain bases in many regions that cause
large costs. If a military operation in Afghanistan or
Iraq becomes necessary, Washington is sure that it can
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do it with the help of unmanned vehicles launched
from Qatar. As Z. Brzezinski noted in "The Great
Chessboard", maintaining troops in Afghanistan or
Iraq in the modern world has lost its importance for
the United States even to compete with Moscow or
Beijing. The reason for this is explained by the fact
that the field of competition has moved from land, sea
or air spaces to cyberspace or outer space. As soon
as keeping large contingents on the ground lost its
relevance, the US and other Western countries began
to gradually evacuate their troops. The reduction in the
number of ground troops in war zones requires armies
to rely more on cutting-edge digital technologies,
including artificial intelligence[3].

Al has the potential to reduce human involvement
in warfare. First, Al can transform the allocation of
human and machine resources needed to engage in
war and war-related operations. Second, artificial
intelligence affects the speed of operations, which
paradoxically reduces decision-making time.
Arguably, no new military technology has received
more attention from experts than drones over the
past decade, as drones rise to prominence as the most
prominent technological tool in modern information
age warfare.

The trend observed in recent military operations
also prompted a fundamental change in strategic
priorities. In the short-lived war between Azerbaijan
and Armenia in the fall of 2020, the Azerbaijanis
destroyed Armenian tanks using cheap, unmanned
drones supplied by Turkey. These devices hit the target
without endangering the operator's life. According
to some experts, it was in the Karabakh war that the
influence of drones gained importance at the level of
"changing the tactical game"[4].

As drones drastically reduce the human factor and
financial costs, states will be more likely to go to war
in the future. This means that if the drone revolution
is to take place, countries will have to significantly
rethink their defense policies. Combat unmanned
drones were once the main "chip" of military powers,
but today small countries are increasingly trying to
acquire them. Throughout the military history of
mankind, there were periods when a single weapon
system became a symbol of the entire war era. The
long bow used by English archers in the Middle
Ages confused other enemy forces. Also, the role
of technological innovation has been significantly
important in the military success of the United
States. During the American Civil War, US President

Abraham Lincoln used the modern telegraph system
to communicate with his military, coordinate strategy,
and move troops.[5]

Literature analysis and methods. Even today, the
introduction of Al technologies in the field of defense
is seen as a revolution. This revolution is different
from the previous military revolutions due to the fact
that Al technologies will be used first in the social
spheres, and then in the military spheres. Weapons
with previous military technological potential, such
as nuclear weapons, are characterized by the fact that
they were first used in the military sphere and later
integrated into the networks of everyday life. This
also made it possible to save funds for research in
the field of defense during this period. Like the secret
weapons of Hitler's Germany before World War II,
drones or robots based on artificial intelligence have
the potential to change the balance of the world.
Therefore, research in this field of technology should
be transparent, and the weapons developed should be
limited by international law, as in the nuclear weapons
regime. Because increasingly advanced technologies
can increase threats to the future of humanity [6].

. Closely related technologies, such as artificial
intelligence and various machine learning algorithms,
have become major topics of discussion both among
experts and in society at large. The Python language
is widely used for the development of artificial
intelligence. Some general information and interesting
facts about the language and its creator:

. The creator of the Python language is the
Dutch programmer Guido van Rossum. In our time,
the beginning of work on such a popular language
began by chance. "In December 1989, I was thinking
about what to do during the Christmas holidays. The
office was closed. So I started to improve my ABCs at
home. I didn't even think that something else serious
would happen during the work." Guido later recalled.

. The name of the language has nothing to do
with reptiles. Guido van Rossum named his work
after the Monty Python series. In addition, this
name follows the tradition of naming programming
languages after famous people.

. In creating Python, van Rossum followed
principles that have had a significant impact on
the software industry. He used simplified English
(a foreign programmer can't spend a lot of time
improving his English) as a supporter of open source.
Finally, van Rossum strove for code brevity and ease
of use.
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. There are 19 sets of words that capture the
spirit of the language - the Zen rules of Python. It is
hosted on the official Python website. Zen of Python
also opens in the Python console application when
you enter the import command.

. In recent years, Python has become the most
popular language taught in schools in many countries.
6 out of 10 parents surveyed would rather have their
children learn Python than French.

. Python is one of the few programming
languages that has been declared the official language
of Google due to its efficiency.

. Since way back in 1989, Python has found a
distinct spread in three areas:

. web development;

. processing of large data arrays (Big Data),
machine learning, data analysis and visualization;

. create automation scripts.

In web programming, Python allows you to create
the entire backend of an Internet resource. Backend is
an internal component of the Internet resource. This
is a database stored on a remote server computer.
According to the user's request, information is
obtained from such a database and transferred to the
browser on his computer. And the data received here
is processed by the second component of the site
frontend.

Discussion. The use of Python has expanded
thanks to the Django and Flask frameworks written
in this language. Framework is a software shell that
simplifies and speeds up the solution of common
tasks. Examples of resources created in Django are
Instagram, Disqus, Mozilla, The Washington Times,
Pinterest. The Flask framework was used to create
influential resources such as LinkedIn, Netflix, and
Uber .

Also, the use of Python has shown itself well in
writing analyzers - programs for collecting and
organizing data placed on sites. Collecting data from
various sites is called web scraping. The process is
often used by analysts of various profiles in their
work. But today, information is all around us, so it
needs to be collected by experts in many professions.
Python offers the programming language as a tool to
facilitate this process. Web scraping is an automatic
bot capable of quickly and reliably copying large
streams of data from sites and pasting them into a
specific table. Web scraping with Python is easy to do
and the benefits are huge. Imagine that now you don't
need to collect manually and spend several hours

in a row, everything is available automatically. Get
millions of data points from the internet in minutes
and use it to your advantage. And if the flow is small,
web scraping can do the job in seconds.

Another area where Python is in demand is scripts
for automating routine processes. A script is a short
program containing a certain sequence of actions.
A good example of a script is the macros in Google
Sheets. Another example of using a script is email
processing.

One area where this programming language is in
high demand is machine learning. These technologies
are closely related to artificial intelligence, neural
networks and deep learning. Machines are already
fully capable of learning when performing automated
analysis of certain amounts of data. At the same
time, the need for programming is minimized during
machine learning. Many libraries are suitable for this
task, such as Numby, PyTorch, Pandas, etc. With
their help, you can easily perform all mathematical
calculations, because. they are able to do them
automatically without human help. All that remains is
to analyze the obtained results and choose the optimal
solution for further tasks.

In Chinese art, there is such an amazing artifact as
the "Canton Ball". It is a sphere carved from ivory
with several other spheres inside. In addition, each
of the spheres rotates freely relative to its neighbors.
We will arrange the discussed technologies in the
following order: artificial intelligence -> machine
learning -> neural networks -> deep learning.

The outer circle of such an imaginary canton ball
would be artificial intelligence. Each subsequent
technology on our list is built on the same as the
previous one. Thus, machine learning is a part of
artificial intelligence. Deep learning is a part of
machine learning and neural networks are the basis
for deep learning algorithms. Therefore, artificial
intelligence is closely related to machine learning.
Progress in the field of artificial intelligence is highly
dependent on the availability of convenient and
powerful programming tools.

Thus, Python has the best support for machine
learning among all programming languages in its
arsenal. This "miracle weapon" is TensorFlow, Keras,
Scikit-learn artificial intelligence libraries specially
created for machine learning. A library is a set of
functions that allow you to solve a specific task in
a program. The library saves the programmer from
repeatedly "reinventing the wheel", that is, writing
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code for routine, repetitive tasks. For example, the
most common learning algorithms are already built
into Scikit-learn.

The following fact speaks about the role of Python
language in the development of artificial intelligence.
According to Google Trends, in recent years interest
in the field of machine learning, and indeed in the
Python language, has skyrocketed worldwide. This
event came a year after the release of the TensorFlow
machine learning library[7].

The Python programming language has a simple
and easy-to-understand syntax (a set of rules that
define what arrangement of characters creates a
valid expression). A large team of programmers
formed around him, developing and popularizing
the language. That is, on the one hand, development
requires the use of artificial intelligence in all areas
of life, on the other hand, there are a large number
of specialists who can solve these problems using
the Python language. Programming with the use of
artificial intelligence also gives good results in the
formation of e-commerce processes. The development
of non-traditional commerce has a positive effect
on the structure of the labor market of Uzbekistan.
Industrialization ofadvanced informationtechnologies
will create thousands of new jobs. The stabilization
of the economy of Uzbekistan, the strengthening of
the competitiveness of goods and services, and the
development of e-commerce at the same time will lead
to an increase in the export potential of our country.
Electronic commerce ensures the improvement of the
standard of living of the population, the development
of fields such as marketing and management.|[8]

E-commerce web pages can be created in different
directions. It can be created using ready-made
platforms. Examples of ready-made solutions include
WooCommerce plugin on WordPress platform,
VirtueMarket platform on Joomla platform, OpenCart
platform, OcStore platform, 1cBitrix and many
others. The advantages of these platforms are that
users without experience in web programming will
be able to create their own online magazines without
too much difficulty.[9]

When the created online magazine is required
to be professional, it is necessary to turn to web
programming. As one of them, the Django framework
working in the Python programming language can be
cited as an example.[10]

Results. Applying artificial intelligence in software
requires an existing database. Currently popular

voice assistants such as Yandex Alisa and Microsoft
Siria can easily start a conversation with people. In
order for them to be able to start a conversation, as
mentioned above, a previously formed audio database
is useful. When the user asks the Al a question, the
voice is analyzed and converted into text. The most
optimal of the possible alternatives for the generated
text is selected and the audio response for this option
is returned to the user. As you can see, this process is
actually not very complicated[11]. Important aspects
in this process are:

- the user's audio, i.e., converting it into error-free
text if the speech is viewed as audio;

- semantic analysis of the finished text, if necessary,
analysis of what is being said on the basis of previous
dialogues with the user;

- creating a list of possible answers to this text;

- choosing the most optimal answer based on the
dialogue;

- return the appropriate sound from the audio
database to the user for the selected response text

Until now, such an audio database has been formed
in developed countries, in particular, in English,
French, German, Russian and other languages. But
there is no Uzbek language database in this regard. It
can be said that artificial intelligence programs in the
Uzbek language are not developing precisely because
of the lack of a database.

Formation of database of voices

Figure 1. Sound database formation graph

According to the latest information, the newly
established Uzbekvoice.ai team has started to solve
the above problem (Fig. 1). The database of sounds
is open source and anyone can use it in their project.
Uzbekvoice.ai team completed the 1st stage in
December 2021. The goal was to collect 100 hours
of audio data. As a result, more than 200 hours of
audio data were collected. In Phase 2, the goal was to
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collect 2,000 hours of voice data and it was completed
on November 13, 2022. As a result, more than 1000
hours of audio data were collected. Next is the 3rd
stage. The goal of Phase 3 is to collect 3,000 hours
of audio data. In order to use the voice database, a
database of 10,000 hours should be formed[12].

People who know any Uzbek language can
participate in the formation of the voice database. For
this, you need to register on commonvoice.mozilla.
org and select the Uzbek language from there. The
interface shows only two options. The first is to read
the text and write it down, and the second is to listen
to the voice and compare it with the text. In order not
to bore users, the tasks are divided into 5.

Comman Voice Corpus version 12.0
= v
L ¥l
Lo

Figure 2. Common Voice Corpus version 12.0

In the download section of the dataset, the following
information can be provided for comparison (Fig.
2): Total recorded hours in the Kyrgyz language
according to the interpretation of "Common Voice
Corpus 12.0" as of December 15, 2022 - 46 hours,
the number of hours checked - 38 hours, and the
number of votes is 255. This situation is as follows in
the Uzbek language: according to the interpretation
of "Common Voice Corpus 12.0" as of December
15, 2022, the total number of recorded hours is 262
hours, the number of recorded hours is 99 hours, and
the number of voices is 2092. When we compared
this situation to the English language, we saw the
following results: according to the interpretation of
"Common Voice Corpus 12.0" as of December 15,
2022, the total number of written hours is 3161 hours,
the number of hours checked is 2383 hours, and the
number of voices is 85,825.

According to the Uzbek language database "https://
commonvoice.mozilla.org/uz/languages", 38%
have been checked. There are 148,606 sentences

in the database. Comparing this data to the English
data, 75% were checked and there were 1,659,715
sentences.

Conclusion. In conclusion, the most dangerous
aspect of the modern world based on artificial
intelligence is that it is based on the principle of
"Winner Takes All". This is a factor that increases
social tension and international conflicts.

Also, the competition for the database will expand
in the international arena, such as the fight for oil and
other fuel resources. And it is not surprising that cyber
security has become part of the integrity of countries.

There are several things that need to be done in the
development of artificial intelligence in the Uzbek
segment. In particular, it is necessary to develop and
enrich the database of sounds like the above. As far as
possible, it is necessary to make artificial intelligence
think like a human. An artificial intelligence capable
of thinking in Uzbek will be necessary to be able to
make the right decision. It will be possible to use this
artificial intelligence in various suitable fields later.

Artificial intelligence has become an almost
exclusive use of the Python programming language
in the last 5-10 years. Although the language itself
appeared in the last century. A combination of factors
contributed to this development:

* the need to process and analyze a large amount of
data has arisen for the development of civilization. It
is impossible to answer this problem without machine
learning and artificial intelligence technologies;

* At that time, the Python programming language
acquired all the necessary tools for solving problems
in the field of Artificial Intelligence;

* case of learning and ease of use have made this
language popular among programmers. And a whole
army of people ready to work in the field of Artificial
Intelligence has been formed.

All these factors, which have resonated in recent
years, have made the Python language and artificial
intelligence technologies almost inseparable concepts
in society's perception.

References

1. R.Zulunov. Preparing the educational process
for the era of artificial intelligence. The journal of
integrated education and research, Volume 1, issue 4,
September 2022, p.261-263.

2. R. Zulunov. Use of artificial intelligence
technologies in the educational process. Web of
Scientist: International Scientific Research Journal

52



FERGANA BRANCH OF THE TASHKENT UNIVERSITY OF INFORMATION TECHNOLOGIES NAMED AFTER MUHAMMAD AL-KHORAZMI

ISSN 2181-4252 «AL-FARG’ONIY AVLODLARI» ELECTRONIC SCIENTIFIC JOURNAL Ne1(1)]2023

(WoS), Volume 3, Issue 10, Oct., 2022, p. 764-770.

3. P. 3ynynos, IloarotoBka o0pa3oBaTeibHO-
ro mpolecca K 3M0Xe HCKYCCTBEHHOTO WHTEIIICK-
ta. Periodica Journal of Modern Philosophy, Social
Sciences and Humanities, 2022, Oct., 11, p. 81-83.

4. P 3ynynoB. UTo Takoe MCKYCCTBEHHBIA WH-
TEJJIEKT M Kak oH pabotaer. Ta'lim_fidoyilari, 2022
noyabr 1 qism, 149-153 b.

5. P. 3ynynoB, A.TumnaBonaue. Hcnomnb3o-
BaHHE TEXHOJIOTUU HCKYCCTBCHHOTO HHTCJIJICKTA B
oOpaszoBarenpHOM mporiecce. Periodica Journal of
Modern Philosophy, Social Sciences and Humanities,
2022, v.12, Nov, p.137-142.

6. R.Zulunov., M.Mahmudova. Sun’iy
intellektning insoniyat faoliyatida tutgan o‘rni va
neyrokibernetika sohasi. The journal of Integrated
Education and Research, December 2022, 1(7), 2-7
b.

7. Sun’iy intellekt va xavfsizlik. Robotlar
odamlar ustidan hukmronlik qilishi mumkinmi? -

53

https://kun.uz/news/2022/09/08/suniy-intellekt-va-
xavfsizlik-robotlar-odamlar-ustidan-hukmronlik-
qilishi-mumkinmi

8. Comue b. H. IIpobGnembl MopenupoBaHuUs
AIIEKTPOHHBIX TOPTOBBIX MPOIIECCOB HA OCHOBE MECT-
HBIX XapakTepucTuk //MccnenoBanusi MOJIOABIX yue-
HeIX. — 2020. — C. 8-11.

9.  Comues b. H. u ap. UBYUUTH OIIBIT [APVY-
I'MX CTPAH II0 PABBUTUIO JIEKTPOHHOU
KOMMEPIINU B Y3BEKHUCTAHE //’Kypuan Tex-
HUYeckux uccnegoBanuit. —2022. — T. 5. — Ne. 1.

10. Soliev B. N., Abdurasulova D., Yakubov M.
S. USING THE DJANGO FRAMEWORK FOR
E-COMMERCE PROCESSES //Journal of Integrated
Education and Research. — 2022. — T. 1. — Ne. 6. — C.
229-233.

11. Uzbekvoice - https://uzbekvoice.ai/bosqich/1

12. Datasets - https://commonvoice.mozilla.org/
ru/datasets












