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“WOMEN IN INNOVATION AND SCIENCE”
XALQARO ILMIY-AMALIY KONFERENSIYA VA FORUMI
ILMIY ISHLARI TO‘PLAMI

Toshkent davlat transport universitetida 2026-yil 27-mart kuni “Women in Innovation and
Science” xalgaro forumi ilmiy ishlari to‘plami chop etildi.

Mazkur nufuzli tadbirlar O‘zbekiston Respublikasi Oliy ta’lim, fan va innovatsiyalar
vazirligi hamda Transport vazirligi hamkorligida tashkil etilib, mamlakatimizda ilm-fan,
innovatsiyalar va zamonaviy texnologiyalarni rivojlantirish, shuningdek xalgaro ilmiy
hamkorlikni yanada kengaytirishga garatilgan muhim platforma hisoblanadi.

Konferensiya ochilish marosimida davlat organlari, xalgaro tashkilotlar va yetakchi oliy
ta’lim muassasalari vakillari ishtirok etdi. Jumladan, Toshkent davlat transport universiteti
rektori G‘ulomov Abdulaziz Abdullayevich, O‘zbekiston Respublikasi Transport vazirligi
vakili Ulmasova Lobarkhon Adilovna, Osiyo taraqqiyot banki eksperti Claire Charamnac,
Istanbul Aydin universiteti vasiylik kengashi raisi Mustafa Aydin, Belarus davlat transport
universiteti rektori Kazakov Nikolay Nikolayevich hamda Qirg‘iziston Respublikasi Transport
vazirligi vakili Dinara Moldokalieva ishtirok etdilar.

Konferensiya ilmiy dasturi doirasida plenar va panel sessiyalar, shuningdek ilmiy
ma’ruzalar tagdimoti o‘tkazilib, ularda sun’iy intellekt va raqamli texnologiyalarni iqtisodiyot
va ta’limga joriy etish, transport va aviatsiya sohasida innovatsion yechimlar, sanoat va IT
sohasida texnologiya transferi, shuningdek ta’limda ragamli platformalar va intellektual
tizimlar kabi dolzarb masalalar yoritildi.

2026-yil 27-mart kuni o‘tkazilgan “Women in Innovation and Science” xalqaro forumi
ayollar yetakchiligi, innovatsiyalar va STEM sohalariga bag‘ishlangan bo‘lib,
mamlakatimizda ayollarning ilm-fan va texnologiya sohalaridagi ishtirokini kengaytirish,
ularning yetakchilik salohiyatini rivojlantirish hamda xalgaro hamkorlikni mustahkamlashga
garatilgan strategik maydon sifatida tashkil etildi.

Forum doirasida ayollar yetakchiligini rivojlantirish va rag‘batlantirish, xalqaro tajriba
almashinuvi va ilmiy tarmoglarni kengaytirish, yosh tadgigotchi ayollar va PhD talabalarni
qo‘llab-quvvatlash hamda innovatsion ekotizimlarda gender tenglikni ta’minlash kabi ustuvor
vazifalar amalga oshirildi. Shuningdek, forumda ayollar yetakchiligi va STEM, gender tenglik
va ilm-fan institutsional rivoji, ayollar tadbirkorligi va innovatsion startaplar, innovatsiya
ekotizimlari va xalgaro hamkorlik, yosh ayol tadgigotchilarni rivojlantirish, mentorlik va
akademik tarmogqlar yo‘nalishlarida tematik sessiyalar tashkil etildi.

Forumda davlat organlari, xalqaro tashkilotlar, yetakchi oliy ta’lim muassasalari va ilmiy
markazlar vakillari, jumladan “OLIMA” uyushmasi raisi Murtazayeva Raxbar Hamidovna,
“Sharq ayoli” xalgaro ayollar jamoat fondi raisi Tursunbayeva Saodat Gafurovna, Osiyo
taraqqiyot banki eksperti Claire Charamnac, O°‘zbekiston Respublikasi Transport vazirligi
vakili Ulmasova Lobarkhon Adilovna, Toshkent davlat transport universiteti rektori G‘ulomov
Abdulaziz Abdullayevich, Qirg‘iziston Respublikasi Transport vazirligi vakili Dinara
Moldokalieva hamda Indoneziyadan universitet dekani Yoga Prihatin ishtirok etdilar.
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Shuningdek, forumda Yevropa va Osiyo davlatlaridan yetakchi olimlar, ekspertlar va yosh
tadgigotchilar keng gatnashdi.

Forum dasturiga ochilish marosimi, panel muhokamalar, ilmiy chigishlar hamda
professional rivojlanish bo‘yicha workshoplar kiritilgan bo‘lib, ular doirasida gender tenglik,
ayollar karyerasini rivojlantirish, ilmiy tadgiqotlar va innovatsion boshqaruv bo‘yicha amaliy
seminarlar tashkil etildi.

Mazkur tadbirlar Osiyo taraqqiyot banki (ADB), “OLIMA” — O‘zbekiston xotin-gizlar
olimlari uyushmasi, “Sharq ayoli” xalqaro ayollar jamoat fondi, Germaniya xalgaro hamkorlik
jamiyati (GIZ), shuningdek Rossiya, Turkiya, Indoneziya va Qirg‘iziston oliy ta’lim
muassasalari hamda Belarus Milliy fanlar akademiyasi ilmiy institutlari hamkorligida
o‘tkazildi.

Mazkur xalgaro ilmiy-amaliy konferensiya va forumning ahamiyati shundaki, ular xalgaro
ilmiy hamkorlikni mustahkamlash, innovatsion ishlanmalarni amaliyotga joriy etish, ragamli
va barqaror rivojlanishni ta’minlash, shuningdek ayollarning ilm-fan va innovatsiya
sohalaridagi rolini kuchaytirishga xizmat giladi. Shu bilan birga, mazkur tadbirlar yosh olimlar
va tadqiqotchilarni qo‘llab-quvvatlash, ilmiy tajriba almashish hamda global ilmiy makonga
integratsiyalashuvni jadallashtirishda muhim ahamiyat kasb etadi.

Mazkur xalgaro ilmiy-amaliy konferensiya va forumning magsadi zamonaviy ilmiy
tadqiqot yo‘nalishlarini muhokama qilish, innovatsion yondashuvlar va ilg‘or texnologiyalar
bo‘yicha ilmiy natijalar almashuvini ta’minlash, shuningdek xalqaro ilmiy hamkorlikni
rivojlantirishdan iboratdir.

Tadbirda Oc‘zbekiston Respublikasi hamda xorijiy mamlakatlarning oliy ta’lim
muassasalari va ilmiy-tadqigot institutlari olimlari, shuningdek amaliyotda muhim natijalarga
ega bo‘lgan mutaxassislar o‘z ilmiy ishlari bilan ishtirok etdilar.

Ushbu ilmiy to‘plamda muhandislik, transport, raqamlashtirish, sun’iy intellekt,
innovatsion boshgaruv, gender tenglik va bargaror rivojlanish sohalarida faoliyat yuritayotgan
yetakchi olimlar, professor-o‘qituvchilar va tadqiqotchilarning ilmiy ishlari jamlangan.
To‘plamda dolzarb ilmiy muammolar, zamonaviy yechimlar, nazariy va amaliy tadqiqot
natijalari yoritilib, ushbu yo‘nalishlarning bugungi holati va istigboldagi rivojlanish
tendensiyalari aks ettirilgan.

Mazkur nashr mamlakatimizda ilm-fan va innovatsion rivojlanishni ta’minlash, xalqaro
ilmiy aloqalarni mustahkamlash hamda yosh olimlar va tadgiqotchilarni qo‘llab-quvvatlash
yo‘lidagi muhim qadamlardan biri sifatida e’tirof etiladi.

Shuningdek, mazkur ilmiy to‘plamda keltirilgan natijalar kelgusida ilmiy tadqiqotlar
samaradorligini oshirish, amaliyotga yo‘naltirilgan innovatsion yechimlarni keng joriy etish
hamda sohalararo integratsiyani chuqurlashtirish uchun muhim ilmiy asos bo‘lib xizmat giladi.
To‘plam materiallari nafaqat ilmiy jamoatchilik, balki ishlab chiqarish sohasi mutaxassislari,
doktorantlar va talabalar uchun ham foydali manba hisoblanadi.

Mazkur nashrda yoritilgan ilmiy g‘oyalar va ilg‘or yondashuvlar asosida yangi ilmiy
izlanishlar olib borilishi, xalgaro ilmiy alogalarning yanada rivojlanishi hamda innovatsion
rivojlanish strategiyalarining takomillashishiga xizmat gilishi kutilmoqda.
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Extensive application and characteristic properties of mastic asphalt concrete

Abstract:

Keywords:

1.S. Sadikov!, Iriskulova K.N.!
Tashkent state transport university, Tashkent, Uzbekistan

This article presents the properties, advantages, and applications of mastic asphalt concrete. The
application methodology of mastic asphalt concrete is analyzed based on the example of Japanese
practice. In addition, the standard properties of bitumen, as well as the standard characteristics of bitumen
used in mastic asphalt mixtures, are described. Target values for penetration and Luehr flow of the mastic
asphalt mixture are also provided. Recommendations for the use of the Luehr flow diagram and the
specific aspects of mastic asphalt production are discussed. For road pavements in areas with dense traffic
and a tendency toward plastic flow (deformation), the target values of penetration are specified.

mastic asphalt concrete, steel bridge, penetration, flowability, pavement, “compliance domain.”

Quyma asfaltbetonning keng qo‘llanilishi va o‘ziga xos xususiyatlari

Annotatsiya:

Sadikov 1.S.%, Irisqulova K.N.!
Toshkent davlat transport universiteti, O‘zbekiston

Ushbu magolada quyma asfaltbetonning xususiyatlari, ustunliklari va qo‘llanilishi bayon etilgan. Quyma
asfaltbetonning qo‘llanilish usuli Yaponiya tajribasi misolida tahlil qilingan. Bundan tashqari bitumning
standart xususiyatlari, quyma asfaltbeton qorishmasi uchun ishlatiladigan bitumning standart
xususiyatlari, quyma asfaltbeton aralashmasining penetratsiya va Lyuer oquvchanligining magsadli
qiymatlari keltirib o‘tilgan. Lyuer oquvchanligi grafigini qo‘llash bo‘yicha tavsiyalar, quyma
asfaltbetonni tayyorlashning o‘ziga xos jihatlari tahlil gilingan. Plastik ogimga (deformatsiyaga) moyil
bo‘lgan va transport harakati zich bo‘lgan hududlardagi yo‘l qoplamalari holatida, penetratsiyaning

magsadli ko‘rsatkich qiymatlari ko‘rsatib o‘tilgan.

Kalit so‘zlar:

1. Kirish

Quyma asfaltbeton-“Gussasphalt” (GA) lotincha “Gu”
so‘zidan olingan bo‘lib, dastlab “daryo” degan ma’noni
anglatadi va keyinchalik “quyilayotgan va oqayotgan” degan
ma’noni anglatadi. Bu quyma asfaltbetonning yaxshi
suyuglikka ega ekanligini va shunchaki yotqizish va
tekislash orgali, hech ganday katok ishlatmasdan amalga
oshirish mumkinligini ko‘rsatadi[1].

Quyma asfaltbeton qoplamasi Germaniyada paydo
bo‘lgan va uzoq vaqtdan beri qo‘llanilmoqda. Ko‘pgina
loyihalar quyma asfaltbeton goplamasi bilan bajariladi, bu
o‘sha paytdagi eng ajoyib yechimlar ekanligi isbotlangan,
masalan, Koln-Miilhaym Reyn ko‘prigi, Oberkasseler
Briage, Mulhaym ko‘prigi. Keyinchalik u Buyuk Britaniya,
Polsha, Daniya, Yaponiya, AQSh va boshga rivojlangan
mamlakatlarda keng qo‘llaniladi[2].

Quyma asfaltbetonning afzalliklari ko‘p bo‘lib ular
quyidagilar:

1. Suv o‘tkazuvchanligi past

Quyma asfaltbetonning suv shimuvchanligi nolga yaqin.
Shuning uchun, quyma asfaltbeton yo‘l qoplamasida
mutlago suv o‘tkazmaydigan bo‘lib, boshqa turdagi zichlab
yotgiziladigan asfaltbeton gorishmasiga garaganda ancha
yaxshi. Ko‘pgina hollarda, quyma asfaltbeton to‘g‘ridan-
to‘g‘ri suv o‘tkazmaydigan material sifatida yoki
gidroizolyatsiya tizimining bir qismi sifatida qo‘llaniladi.

2. Chidamlilik

Quyma asfaltbetonning bo‘shliq qismi juda kichik
bo‘lganligi sababli, atrof-muhit namligi ichkaridan
o‘tolmaydi. Natijada, namlik yoki havo tufayli ishlashning
yomonlashishi va shikastlanishlarning, masalan, qoplama

quyma asfaltbeton, metall koprik, penetratsiya, oquvchanlik, qoplama, “muvofiglik maydoni”.

buzilishi, mo‘rtlashish va boshgalarning oldini olish
mumkin. Shu magsadda quyma asfaltbeton bardoshli
hisoblanadi.

3. Egiluvchanlik va yoriglarga chidamlilik.

Uzog vaqt davomida transport va iglim sharoitlariga
duchor bo‘lishiga garamay, quyma asfaltbeton qoplamasi
yugori bitum miqgdori tufayli yaxshi egiluvchanlikni saglab
qgolishi mumkin. U yorilish va delaminatsiya (bir-biridan
ajralib  ketishi)  kabi  shikastlanishlarsiz  egilish
deformatsiyasiga bardosh bera oladi.

4. Yaxlitlik.

Quyma asfaltbeton yotqizish jarayonida o‘z-o‘zidan
tekislanadigan materiallar turiga kiradi. Ushbu xususiyat
quyma asfaltbeton goplamasining vertikal deformatsiyaga
ma’lum darajada qarshilik ko‘rsatishiga va gorizontal
tekislikda ancha kuchli birikishiga imkon beradi. Shunday
qilib, u qoplamaning yaxshi yaxlitligini ta’minlaydi.

4. Ishlov berish natijasida hech qanday
zararlanmaydi.

Shakl berish va mustahkamlikni oshirish jarayoni quyma
asfaltbeton harorati pasaygandan so‘ng o‘z-o‘zidan sodir
bo‘ladi. Ishlav berishni amalga oshirishning hojati yo‘q.
Shunday usul qo‘llanilganda, asfaltbeton sifati buzilishiga
olib keladigan muammolar (harorat notekisligi va
chagiqtosh ajralishi) deyarli yuz bermaydi[3].

Quyma asfaltbetondan bugungi kunda dunyoning
ko‘plab yetakchi davlatlari balki, Yaponiya ham keng
go‘llamogqda.

Yaponlar quyma asfaltbetonni metal ko‘prik
goplamalarida keng qo‘llaydi, chunki u suv o‘tkazmaydi va
egilishga yaxshi moslashadi.
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Ular quyma asfaltbetonni o‘ziga xos usulda
tayyorlashadi. Ular quyma asfaltbetonni Trinidad ko‘li
asfalti yoki termoplastik elastomer bilan
modifikatsiyalangan bitumni asfaltbetonga qo‘shish orqali
ishlab chiqaradi va yirik to‘ldiruvchi, mayda to‘ldiruvchi
yoki mineral to‘ldirgich bilan aralashtiradi. Ular zavodda
aralashtiriladi va quyish uchun zarur bo‘lgan yuqori
suyuglikni olish uchun yuqgori haroratda maxsus qozonda
qgoriladi[4].

2. Tadqgigot metodologiyasi

Yugori haroratda ishlovchanlikni va plastik ogimga
garshilikni yaxshilash zarurati hisobga olinib, odatda
ignaning botish chuqurligi 20-40° bo‘lgan neft bitumi
Trinidad ko‘li asfaltbeton qoplamasi bilan aralashtirib
ishlatiladi.

Trinidad ko‘li asfaltbeton qoplamasida bitumning
miqdori odatda umumiy asfaltbeton gorishmasi migdorining
8-10 % ini tashkil qiladi. Aralashtirilgandan keyin
bitumning yumshash harorati 60°C dan yugqori bo‘lishi
kerak.

Bitumga ignaning botish chuqurligi 20—-40° bo‘lgan neft
bitumi va Trinidad ko‘li asfaltbetonining standart
xususiyatlari 1-jadvalda keltirilgan. Quyma asfaltbeton
gorishmasi uchun aralashtirilgandan keyingi asfaltbetonning
standart xususiyatlari
2-jadvalda ko‘rsatilgan.

1-jadval
Bitumning standart xususiyatlari[7]
Neft Trinidad
Ko‘rsatkich Birligi | bitumi ko‘l
20-40 asfalti
Ignaning botish 1/10
chugurligi mm 20-40 1-4
Yumshash o 55.0 -
harorati c 65.0 93-98
50 yoki
Cho‘ziluvchanlik sm undan -
ko‘p
Bug‘lanishdan 0'3.
keyingi massa % yoki -
ying
yo‘qotishi undan
kam
99.0
Trikloroetan % yoki 52.5-
ichida eruvchanlik undan 55.5
ko‘p
200 | 240 yoki
Chagnash harorati °C yoxl undan
undan Ko
ko‘p P
1.00
" 5 yoki 1.38 -
Zichlik g/cm undan 1.42
ko‘p
2-jadval

Quyma asfaltbeton gorishmasi uchun ishlatiladigan
bitumning standart xususiyatlari[7]

Ko‘rsatkich Birligi Standart
giymat

Ignaning botish chuqurligi | /10 mm | 15-30

(25°C)

Yumshash harorati °C 58 — 68

Cho‘ziluvchanlik (25°C) sm 10 yoki undan
ko‘p

Bug‘lanishdan keyingi % 0.5 yoki

massa yo*qotishi undan kam

Trikloroetan ichida % 86 —91

eruvchanlik

Chagnash harorati °C 240 yoki
undan ko‘p

Zichlik g/sm? 1.07-1.13

Quyma asfaltbeton uchun nisbatlar standart darajadagi
agregat va asfaltbeton bilan qorishma tayyorlash hamda
oquvchanlik va penetratsiya sinovlarini o‘tkazish orqali
aniglanadi.

Penetratsiya va oquvchanlik sinovlarining magsadli
giymatlari 3-jadvalda ko‘rsatilgan.

3-jadval
Quyma asfaltbeton aralashmasining penetratsiya va

Lyuer ogquvchanligining magsadli giymatlari[7]
Ko‘rsatkich Birligi Magsadli giymat
Penetratsiya (40°C) mm Yuza gatlami 1-4
Bog‘lovchi gatlam
1-6
Ryuer oquvchanligi soniya 3-20
(240°C)

Agregatning  standart granulometrik  tarkibi  va
asfaltbeton miqdorining loyihaviy diapazoni 4-jadvalda
ko‘rsatilgan.

4-jadval
Quyma asfaltbeton aralashmasining standart
ranulometrik tarkibi

Elak o‘lchami Elakdan o‘tuvchi massa ulushi (%)
19 mm 100
13.2mm 95100
4.75 mm 65 —85
2.36 mm 45 - 62
600 um 35-50
300 um 28 —42
150 um 25-34
75 pm 20-27
Bitum migdori | 7-10
(%)

Plastik oqimga (deformatsiyaga) moyil bo‘lgan va
transport harakati zich bo‘lgan hududlardagi yo‘l
qoplamalari holatida, penetratsiyaning maqgsadli ko‘rsatkichi
2 dan past bo‘lishi kerak. Bunday hollarda, ba’zan
asfaltbeton  bilan  oldindan  qoplangan  5-markali
maydalangan tosh (chagiqtosh) yuzaga yoyiladi va bosib
zichlanadi. Plastik ogimga chidamlilikni tekshirish uchun
ba’zan gfildirak izi sinovlari (wheel tracking tests)
o‘tkaziladi.

O'ta qiyin tik qiyalikda O'ta qiyin tik qiyalikda
qurilish paytida oson oqadi qurilish paytida qiyin oqadi

280
. l

260 ~+— >l
9 [_ \ iZ
< 240 maydoni
g W
T 220 -

200

180

o 5 10 15 20 25 30
Ruye suyugligi (sekund)
1-rasm. Quyma asfaltbeton uchun Lyuer oquvchanligi
grafigi
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Ushbu rasm quyma asfaltbetonning harorati va uning
oquvchanligi (Liler fluidity) o‘rtasidagi bog‘liglikni
ko‘rsatadi. Bu grafik yo‘l qurilishida asfaltbetonni qaysi
haroratda va qanday quyuglikda ishlatish kerakligini
aniglash uchun juda muhim[7].

Grafikning asosiy o‘qlari:

Y-o0‘qi: Harorat (°C). Bu yerda 180°C dan 280°C gacha
bo‘lgan harorat ko‘rsatilgan.

X-0°qi: Lyuer oquvchanligi (Liier fluidity, sec). Bu
asfaltbetonning qanchalik tez oqishini soniyalarda o‘lchaydi.

Eslatma: Soniya qancha kam bo‘lsa (chapga qarab),
asfaltbeton shuncha suyuq bo‘ladi. Soniya qancha ko'p
bo ‘Isa (o0 ‘ngga qarab), asfaltbeton shuncha quyugq bo ‘ladi.

Shtrixlangan maydon bu “maqbul oraliq” hisoblanadi.
Ya’ni, ish sifatli chiqishi uchun asfaltbetonning harorati va
oquvchanligi aynan shu shtrixlangan hudud ichida bo‘lishi
kerak. Masalan, harorat 240°C bo‘lganda, oquvchanlik
taxminan 5 dan 18 soniyagacha bo‘lishi kerak.

Maxsus holatlar (Yuqgoridagi ikkita Kichik katak):
Chapdagi katak (Easy to flow): Tik giyaliklarda asfaltbeton
oson oqishi kerak bo‘lsa, u suyuqroq (5-8 soniya oralig‘ida)
tutiladi. O‘ngdagi katak (Hard to flow): Agar qiyalikda
asfaltbetonning juda tez ogib ketmasligi (bir joyda turishi)
kerak bo‘lsa, u quyuqroq (13-18 soniya oralig‘ida) tutiladi.

Grafikdan ko‘rinib turibdiki, harorat qanchalik yugqori
bo‘lsa, asfaltbetonning  oquvchanligi shunchalik
yaxshilanadi (soniyalar kamayadi). Qurilishda yo‘lning
giyaligiga garab, ushbu grafik asosida kerakli harorat
tanlanadi.

Quyma asfaltbetoni zavodda isitish va issiglik
izolyatsiyasi bilan jihozlangan kuher (maxsus isitish
qurilmasi) yordamida qorishtiriladi va tashiladi. Kuher
qorishmaning ajralib ketishiga (segregatsiyaga) yo‘l
qo‘ymagan holda, haroratni oshirib, qorishmani bir tekisda
qorishtirish imkoniyatiga ega bo‘lishi kerak.

Qurilish  jarayonida  yugori  oquvchanlik  va
yopishqoqlikni ~ ta’minlash uchun kuherda quyma
asfaltbetonni  yetarli darajada qorishtirish muhimdir.
Shuning uchun qorishma mikserdan chiqarilgandan so‘ng
darhol kukerga joylanishi va kamida 40 dagiga davomida
gorishtirilishi kerak. Qorishma uzoq vaqt qorishtirishni talab
qilganda, sifat o‘zgarishiga yo‘l qo‘ymaslikka e’tibor
garatish lozim[5].

Kuherdan chigarilgan gorishma ixtisoslashtirilgan
quyma asfaltbeton finisheri yordamida yotgiziladi va
tekislanadi.  Sirpanishga chidamlilikni, ishqgalanishga
(yeyilishga) bardoshlilikni va plastik ogimga chidamlilikni
oshirish magsadida, qorishma tekislangandan so‘ng darhol
yuzaga oldindan (asfaltbeton bilan) goplangan maydalangan
tosh yoyiladi va po‘lat halqali rinka (valik) bilan bosib
zichlanadi. Oldindan qoplangan maydalangan tosh,
aralashmaning haroratiga qarab, ba’zan o‘z og‘irligi ostida
cho‘kishi mumkin va yuzada goladigan tosh migdori turlicha
bo‘lishi mumkin. Yoyish ishlari imkon gadar bir xil
haroratda amalga  oshirilishi  kerak.  Qorishmani
yotgizgandan keyin ko‘pchiklar (pufakchalar) paydo
bo‘lishining oldini olish uchun asosiy qatlam yuzasi
yetarlicha quritilishi va moy kabi kirlardan tozalanadi.
Qurilish jarayonida yog‘ingarchilik va kondensatsiya kabi
ob-havo sharoitlariga alohida e’tibor berish lozim.

Quyma asfaltbeton gatlamining qgalinligi odatda 3 dan 4
sm gacha bo‘lishi kerak. Quyma asfaltbeton bevosita beton
asosga yotgizilganda, qoplama yuzasi ostidan chiquvchi suv
bug‘lari hisobiga ko‘pchiklar hosil bo‘lishi mumkin. Buning
oldini olish uchun oddiy asfaltbeton tekislovchi gatlam
yotgizilishi mumkin.

Zarracha hajmi 4,75 dan 2,36 mm gacha bo‘lgan,
oldindan goplangan maydalangan tosh migdori taxminan 8

kg/m?bo‘lishi kerak. 13,2 dan 4,75 mm gacha va 19 dan 13,2
mm gacha bo‘lgan o‘lchamlar uchun esa taxminan

8-15 kg/m? bo‘lishi lozim. Oldindan qoplangan
maydalangan tosh avvaldan umumiy asfaltbetonning
taxminan 1 % qismi bilan qoplangan bo‘lishi kerak.
Shuningdek, oldindan qoplangan tosh ishlab chigarishda
tosh to‘ldirgich (filler) miqdori asfaltbeton miqdoriga teng
bo‘lishi kerak.

Quyma asfaltbeton bog‘lovchi qatlamga (binder course)
go‘llanilganda, yuza qatlami bilan moslashuvni yaxshilash
va plastik ogimga (deformatsiyaga) chidamlilikni oshirish
uchun ba’zan 13,2 dan 4,75 mm gacha va 19 dan 13,2 mm
gacha bo‘lgan chaqiqtoshlar ishlatiladi[6].

Qoplama yuzasiga bosib kiritilmagan (yopishmagan)
barcha toshlar transport harakati ochilishidan yoki yuzani
goplashdan oldin supirib tashlanishi kerak.

3. Xulosa

Quyma asfaltbeton uni boshqa ko‘plab asfaltbeton
turlaridan ajratib turadigan bir gator afzalliklarga ega.
Birog, bizning mamlakatimizda u yuqori narxi tufayli
yo‘l qurilishi uchun asosiy material emas. Biroq, olib
borilgan tadgiqotlar uning xususiyatlari uning yuqori
narxini goplashini isbatlaydi. Quyma asfaltbetonning
ko‘plab afzalliklarini sanab o‘tish mumkin ulardan
ba’zilari zichlashni talab qilmaydi, korroziya va
deformatsiyaga yuqori  garshilik, materialning
ta’sirchan mustahkamligi va qattiqligi, zichlikning
odatdagidan oshishi, yuqori namlikka chidamlilik,
uzog xizmat muddati, goplama sillig va bir tekis
bo‘lishi shular jumlasidandir.

Quyma asfaltbetonning ayrim kamchiliklari:
narxining odatdagidan birmuncha gimmatligi,
materialni yetkazib berish va o‘rnatish uchun maxsus
uskunalarga  ehtiyoj borligi, laboratoriyada
kompozitsiyani  tanlashning  sifatsizligi  yoki
modifikatsiyalanmagan bitumlardan foydalanilganda
yorilishlar kuzatilishi mumkinligi deb gayd etilgan.
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Analysis of energy losses in photovoltaic power plants under the climatic
conditions of Karshi
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Abstract: This scientific article presents a comprehensive analysis of energy losses in photovoltaic power plants
under the climatic conditions of Karshi. The study identifies and systematizes the main factors affecting
the conversion of solar energy into electrical energy, including shading, soiling, temperature effects,
module degradation, and electrical losses, along with their quantitative assessment. Considering the high
solar radiation and sharply continental climate of the region, scientifically grounded recommendations
for improving the efficiency of photovoltaic systems have been developed.
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photovoltaic power plant, solar energy, energy losses, Karshi climate, efficiency, solar radiation,
efficiency coefficient, shading, degradation

1. Introduction

The increasing global energy demand, depletion of fossil
fuels, and environmental concerns have accelerated the
transition toward renewable energy sources. Among them,
solar energy is one of the most promising due to its
availability, sustainability, and environmental benefits.
Photovoltaic (PV) systems, which directly convert solar
radiation into electricity, play a key role in modern energy
production. In agricultural regions, energy costs represent
about 30—35% of total production expenses, making energy
efficiency and renewable integration essential for
sustainable development. Decentralized PV systems are
therefore widely implemented in rural areas with high solar
potential. The Karshi region of Uzbekistan is characterized
by high solar irradiation (1500-1700 kWh/m? per year),
making it suitable for PV deployment. However, the actual
performance of PV systems is often lower than theoretical
expectations due to various energy losses, including shading,
dust accumulation, temperature effects, module degradation,
and electrical losses. Despite numerous studies on PV
performance, limited research has focused on Central Asian
climatic conditions, particularly Uzbekistan. Therefore, a
region-specific analysis is required. This study aims to
analyze and classify the main energy loss factors in PV
systems under Karshi climatic conditions and to propose
methods for improving system efficiency. The novelty of
this work lies in adapting PV loss analysis to local
environmental factors, especially high temperature and dust
impact, which are insufficiently addressed in previous
research.

2. Research methodology

This study applies a combined analytical and modeling
approach to evaluate energy losses in photovoltaic (PV)
power plants under the climatic conditions of the Karshi
region. The methodology integrates theoretical analysis,
empirical interpretation, and mathematical estimation to
ensure result reliability. The study area is the Karshi region

3% https://orcid.org/0009-0000-6078-5944

in southern Uzbekistan (38°52' N, 65°48’ E), characterized
by a sharply continental climate with hot summers and mild
winters. Annual solar irradiation ranges from 1500 to 1700
kWh/m?, making the region highly suitable for PV
applications. However, environmental conditions such as
high ambient temperatures (up to +45°C), dust
accumulation, low humidity, and seasonal winds
significantly affect system performance and increase energy
losses [1]. A standard grid-connected PV system was
considered, consisting of monocrystalline PV modules, DC
cabling, an inverter unit, AC transmission lines, and an
optional transformer. The selected PV modules (200400 W,
15-20% efficiency, 24-40 V, monocrystalline silicon
technology) represent widely used commercial systems,
ensuring practical relevance of the results [2]. Energy losses
were classified into two main categories:
Solar Energy Losses. These occur during the conversion
of solar radiation into electrical energy and include:
- Shading losses (near and far shading effects)
Soiling losses due to dust and surface 3arpsizaenue
- Losses caused by non-optimal tilt and orientation
- Thermal losses due to elevated operating
temperatures
- Module degradation over time
- Mismatch losses between PV modules
Electrical Losses. These losses occur during energy
transmission and conversion processes: Cable (ohmic)
losses in DC and AC circuits, Inverter conversion losses,
Transformer losses, Losses due to improper system
configuration. Calculation and Estimation Methods: The
estimation of energy losses was carried out using standard
analytical expressions and empirical coefficients derived
from literature sources. The total energy output of a
photovoltaic system can be expressed as:
Eoue = Em *Mpy* (1= Lyorar)
where: E,,; — electrical energy output, E;,— incident
solar energy, 1, — module efficiency, Lz, — total energy

loss factor. [3]
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Fig. 1. Energy loss distribution in PV systems

The chart illustrates that shading and temperature are
dominant loss factors in Karshi conditions.

The total loss factor is calculated as the sum of individual

losses:

Lrotat = Lsp + Lgo + Ltemp + Ldeg +Ly

This study employs an integrated methodological
framework combining analytical modeling, empirical

monitoring data, and energy balance analysis to evaluate

energy losses in photovoltaic (PV) systems under the

where: Ly, —shading losses, L, —soiling 10sses, Liemy

— temperature losses,

Lgeq— degradation losses, L, electrical losses.
Temperature impact on PV efficiency was evaluated

using the temperature coefficient model:
n(T) = nref[l_ﬁ(T_ Tref)]

where: S — temperature coefficient, T— operating

temperature, T,.; — reference temperature (25°C).
Data Sources and Analysis Tools

published scientific literature,

operational data from existing photovoltaic systems,

The study utilizes:

regional climatic statistics.

Comparative analysis and systematization methods were
applied to identify dominant loss factors and quantify their

impact under Karshi conditions.

climatic conditions of the Karshi region.

Study Object and Site Description
The research object is a 370 kW grid-connected
installed at Karshi State

photovoltaic power plant
University, Pedagogical Faculty. The system operates under

real load conditions and is used both for electricity supply
and experimental analysis.
The study area is located in the Karshi region (38°52' N,

65°48' E), characterized by:

High solar irradiation (15001700 kWh/m?*/year)

High ambient temperature (up to +45°C)

Dust-prone semi-arid environment

Seasonal wind and low humidity

These conditions create favorable solar potential but also

introduce significant performance losses.

Data Collection and Monitoring

Table 9
Day Operational Performance of the Photovoltaic Power Plant
Date Energy Generated|| Energy Consumed, Energy_Exported to Energy Imported from
by PV, kWh kWh Grid, kWh Grid, kWh

| 2025-12-14 I 73.53 I 0.87 I 73.00 | 0.34 |
| 2025-12-15 I 273.11 I 0.34 I 273.50 | 0.00 |
| 2025-12-17 I 36.74 I 0.89 I 36.06 I 0.21 |
| 2025-12-18 I 31.84 I 0.00 I 0.00 | 0.00 |
| 2025-12-20 I 12.25 I 1.09 I 11.56 | 0.40 |
| 2025-12-21 I 93.24 I 1.09 I 92.75 | 0.60 |
| 2025-12-22 I 360.60 I 0.00 I 361.25 I 0.59 |
| 2025-12-23 I 370.80 I 0.05 I 371.38 | 0.63 |
| 2025-12-24 I 89.81 I 0.15 I 90.00 I 0.34 |

The study is based on real operational data collected over
a 9-10 day monitoring period (December 2025) . The
operational performance of the photovoltaic power plant was
evaluated using a 9-day dataset collected in December 2025.

The monitored parameters included the energy generated by
the PV system, local energy consumption, energy exported
to the grid, and energy imported from the grid. The
summarized results are presented in Table [12].
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The following parameters were recorded daily:
e  E,, —energy generated by the PV system (kWh)
o E...s—energy consumed locally (kwh)

e Eg.q - energy exported to the grid (kWh)

®  Einportea— €Nergy imported from the grid (kwh)
These data were obtained from the system’s monitoring
platform and processed using statistical analysis methods.
Energy Balance Method
The performance of the photovoltaic system was
evaluated using the energy balance approach, which allows
quantifying  system losses under real operating
conditions:
EPV = Ecans + Egrid + Eloss
where:
e FE;,s —total system energy losses
From this, total losses are determined as:
Ejoss = Epy — (Econs + Egrid)
The system efficiency is calculated as:
n= Econs + Egrid % 100%
Epy
This method provides a realistic evaluation of system
performance and is widely used in PV monitoring standards
(IEC 61724).
Analytical Loss Modeling
In addition to empirical analysis, energy losses were
evaluated using analytical modeling:
Eout = Esolar 'npv-(l = Leotor )
Total loss factor is defined as:
Leotor = Lsn +Lso + Ltemp + Ldeg + L+
Lmiss
where individual losses represent:
e Ly, —shading losses
e L, —soiling (dust) losses
®  Liemp —temperature losses
® Ly, —degradation losses
e [, —electrical losses

®  L.iss— Mismatch losses

Temperature Impact Assessment

Temperature influence was evaluated using the standard
model:
1N = Nrep [1 = B(T = 25)]

Additionally, module temperature was estimated as:

NOCT - 20
Toaute = Tambient T+ T

This allows accurate estimation of thermal losses under
Karshi climatic conditions. The collected operational data
were analyzed using a combination of statistical and
comparative methods to ensure a comprehensive evaluation
of the photovoltaic system performance. The analysis
included a comparative assessment of daily energy
production values over the monitoring period, as well as an
evaluation of the relationship between solar radiation
intensity and energy output. In addition, high and low
production days were identified and classified in order to
better understand the variability of system performance
under changing environmental conditions. The measured
performance indicators were also compared with theoretical
expectations to assess the consistency between real and
modeled results. Particular attention was given to peak
production days, such as December 22-23, during which the
system operated close to its nominal capacity, demonstrating
optimal performance under favorable solar radiation
conditions.

To ensure the reliability and accuracy of the obtained
results, several validation approaches were applied.
Empirical data were cross-checked against analytical
calculations based on standard photovoltaic performance
models. Furthermore, the estimated loss values were
compared with ranges reported in scientific literature, and
the results were validated in accordance with internationally
recognized photovoltaic system monitoring standards,
including IEC 61724. These steps ensured the consistency,
reliability, and scientific credibility of the analysis. The
proposed methodology provides several important
contributions. It integrates real operational monitoring data
with analytical modeling approaches, allowing for a more
accurate and practical assessment of photovoltaic system
performance. The application of the energy balance method
under specific local climatic conditions enhances the
relevance of the results, particularly for regions
characterized by high temperatures and dusty environments
such as Karshi. In addition, the methodology has practical
applicability for evaluating and optimizing photovoltaic
systems in educational and institutional settings, making it a
valuable tool for both scientific research and applied
engineering practice.

3. Results and Discussion

The analysis of the photovoltaic power plant
performance was carried out using real operational data
collected over a 9-day period in December 2025. The results
demonstrate that the system operates with high efficiency
under real conditions. The total energy generated during the
observation period amounted to 1341.92 kWh, while the
useful energy (consumed locally and exported to the grid)
reached approximately 1343.98 kWh. The calculated
difference between generated and utilized energy is
negligible (approximately 0.15%), indicating minimal
system losses. In several cases, the calculated efficiency
exceeded 100%, which can be attributed to measurement
uncertainties, inverter data processing characteristics, and
rounding errors in monitoring systems. Such deviations are
commonly observed in real photovoltaic system
measurements and do not indicate physical inconsistencies.
A notable observation is the significant variation in daily
energy production. On high solar radiation days (December
22-23), the system generated up to 360-370 kWh, operating
close to its nominal capacity. In contrast, during low
radiation conditions (e.g., December 20), production
dropped to as low as 12.25 kWh, confirming the strong
dependence of PV systems on solar irradiance.

The results also indicate that the majority of generated
energy is effectively utilized or exported to the grid, with
very low internal consumption. This suggests that electrical
losses (cable, inverter, transformer) are minimal and the
system is well-optimized. Overall, the findings confirm that
under proper design and operation, photovoltaic systems can
achieve near-ideal performance, especially in regions with
high solar potential such as Karshi. However, fluctuations in
solar radiation remain the dominant factor affecting energy
production.The results of this study indicate that energy
losses in photovoltaic (PV) systems under the climatic
conditions of the Karshi region are considerable, ranging
from 25% to 50% of the theoretical energy potential. These
losses depend on system design, installation quality, and
maintenance practices. Among environmental factors, dust
and sand accumulation (soiling) represent a major source of
performance degradation due to the semi-arid climate and
frequent wind activity. Soiling losses are estimated at 3—7%,
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and may exceed this range under extreme conditions.
Shading effects also significantly reduce system efficiency.
Improper spacing between PV arrays leads to near and far
shading, particularly during low solar elevation periods.
Estimated losses include 5-20% for near shading and 2-10%
for far shading. Combined shading effects further reduce the
effective irradiance on PV modules [4,5]. System design
parameters, particularly tilt angle and azimuth orientation,
strongly influence energy yield. The optimal tilt angle for the
Karshi region is approximately 30-35° facing south.
Deviations from optimal configuration may cause 10-20%
losses due to tilt mismatch, while incorrect azimuth
orientation can reduce output by an additional 5-10% [6].
Temperature effects represent another critical loss factor.
High ambient temperatures exceeding +40°C during
summer reduce PV efficiency by decreasing the open-circuit
voltage of the modules, leading to a noticeable decline in
power output.

The temperature-related efficiency drop can be
described as:

n(T)= nref[l_.g(T_ Tref)]

Temperature-related losses in the Karshi region are
estimated to range between 5% and 12%, depending on
module technology, thermal characteristics, and cooling
conditions [7]. These losses are primarily caused by the
reduction in open-circuit voltage as module temperature
increases. Long-term performance degradation also
contributes to energy losses. In the studied climatic
conditions, annual degradation rates are estimated at 0.5-
1%, leading to cumulative efficiency reduction over the
system lifetime. In addition, mismatch losses caused by non-
uniform module performance and uneven soiling contribute
approximately 1-3% additional losses, which are often
underestimated in system design. Electrical losses occur
during energy conversion and transmission stages and
include cable, inverter, and transformer losses. Cable losses
account for 2-5% due to resistive heating, inverter losses
range between 2-4% depending on conversion efficiency,
and transformer losses contribute an additional 2-5%
including no-load and load conditions. Although
individually moderate, these losses collectively have a
significant impact on overall system efficiency, particularly
in sub-optimally designed installations. The total energy
output of the photovoltaic system can be expressed using the
following general relationship:

Eoue = Ein My (1= Leotar )

For the Karshi region, the annual solar irradiation is
approximately 1600 kWh/m?, while the effective electrical
output ranges between 900 and 1100 kWh/m2 This
corresponds to total system losses of about 30-40% under
typical operating conditions [8]. The comparative analysis
shows that solar-related losses significantly dominate over
electrical losses in the studied region. The most influential
factors affecting system performance include dust
accumulation (soiling), high ambient temperature, and
improper tilt and orientation of PV modules. In poorly
optimized systems, total losses may exceed 50%, resulting
in a drastic reduction of efficiency to as low as 5-10%. In
contrast,  well-designed and  properly  maintained
photovoltaic systems can achieve efficiencies in the range of
12-15% under local climatic conditions [9]. To enhance
system performance, several mitigation strategies are
recommended, including regular cleaning of PV modules to
reduce soiling losses, optimization of tilt angle and azimuth
orientation during installation, application of passive or
active cooling techniques, use of high-efficiency inverters
and appropriately sized cables, and minimization of shading

through proper system layout design. Overall, the findings
confirm that although the Karshi region possesses high solar
energy potential, the actual performance of photovoltaic
systems is strongly influenced by environmental and
technical factors. Proper system design, installation, and
maintenance are essential to minimize energy losses and
maximize energy yieldof structural material (NMQi) is
calculated as the weight of material per unit area of the
bridge deck:

. 21— SMOitke]l
NMQI [kg/m ] Length [m]xWidth[m]

3. Calculating Embodied Carbon (EC)

The embodied carbon of each structural material is
calculated by multiplying the normalized material quantity
by its embodied carbon coefficient:

ECi[kgCO2e/m?] = NMQi [kg/m?] x ECCi[kgCO2e/kg]

4. Global Warming Potential of the Bridge (GWP)

Finally, the total embodied carbon or global warming
potential of the bridge is calculated as the sum of the
embodied carbon of all materials:

GWP[kgCO2e/m?] =XECi [kgCO2e/m?]

This methodology provides a structured framework for
evaluating the environmental impact of bridges during their
construction stage and allows comparison across different
bridge types.

4. Conclusion

This study provides a comprehensive analysis of energy
losses in photovoltaic (PV) power plants under the climatic
conditions of the Karshi region. Despite high solar
irradiation potential (1500-1700 kWh/m? per year), the
actual performance of PV systems is significantly reduced
due to multiple environmental and technical loss factors. The
results show that total energy losses range between 25% and
50%, depending on system design, environmental
conditions, and operational practices. The dominant losses
are associated with solar-related factors, particularly dust
accumulation, shading effects, improper tilt angle, and high
ambient temperature. Among these, soiling and thermal
effects are the most critical due to the arid climate and
extreme summer conditions in the Karshi region. Electrical
losses in cables, inverters, and transformers contribute a
smaller but still significant portion of total system
inefficiency, especially in poorly designed installations. The
study confirms that system efficiency may decrease to 5
10% under suboptimal conditions, whereas properly
designed and maintained systems can achieve efficiencies of
12-15%.

To improve PV system performance, several measures
are recommended, including optimization of tilt angle and
orientation based on local solar geometry, regular cleaning
of PV modules, implementation of cooling strategies, proper
system layout to minimize shading and mismatch losses, and
the use of high-efficiency electrical components. In
conclusion, although the Karshi region has strong potential
for solar energy utilization, achieving high photovoltaic
efficiency requires an integrated approach combining
climatic adaptation, engineering optimization, and effective
maintenance. The findings of this study provide a useful
basis for the design and improvement of PV systems in
similar arid and high-temperature regions.
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Abstract: This scientific article presents a comprehensive analysis of energy losses in photovoltaic power plants
under the climatic conditions of Karshi. The study identifies and systematizes the main factors affecting
the conversion of solar energy into electrical energy, including shading, soiling, temperature effects,
module degradation, and electrical losses, along with their quantitative assessment. Considering the high
solar radiation and sharply continental climate of the region, scientifically grounded recommendations
for improving the efficiency of photovoltaic systems have been developed.
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1. Introduction

The twenty-first century has witnessed unprecedented
technological transformation driven by rapid advancements
in science, engineering, and digital innovation. Engineering
disciplines play a crucial role in addressing complex global
challenges such as climate change, sustainable energy
systems,  digital  transformation, and industrial
modernization. However, despite progress in educational
access and workforce participation, women remain
significantly underrepresented in many STEM disciplines,
particularly in engineering and technology sectors [1].

This imbalance presents not only a gender equality issue
but also a challenge for scientific progress itself. Diverse
research teams tend to demonstrate higher levels of
creativity, problem-solving capacity, and interdisciplinary
collaboration. When women are underrepresented in
engineering research and innovation processes, the scientific
community loses valuable intellectual perspectives that
could contribute to technological advancement and societal
development.

In recent years, governments, universities, and
international organizations have increasingly recognized the
importance of promoting women's participation in STEM.
Numerous initiatives—including scholarship programs,
mentorship  networks, and leadership development
platforms—have been established to encourage women to
pursue careers in engineering and scientific research [2].
These programs aim to reduce structural barriers and
improve women's access to professional opportunities
within academic and industrial research environments.

Historically, women have contributed significantly to
scientific and engineering achievements, although their
contributions  have often  been  underrecognized.
Improvements in higher education access, international
collaboration, and research infrastructure have gradually
increased women's representation in engineering and
technology programs worldwide. According to international
statistical reports, the number of women entering
engineering and technological fields has steadily increased
over the past two decades, reflecting the influence of
inclusive educational policies and global gender equality
initiatives [3].

The growing presence of women engineers and scientists
contributes to strengthening research communities by
introducing  diverse  perspectives and encouraging

interdisciplinary approaches to innovation. Research
suggests that heterogeneous teams are often more capable of
generating creative technological solutions that address
complex societal needs. Therefore, expanding women's
participation in engineering research is not only a matter of
social equality but also an important factor for improving
scientific productivity and innovation capacity.

Despite this progress, women continue to face multiple
structural challenges within engineering and STEM careers.
These barriers include limited access to leadership positions,
gender stereotypes in technical professions, unequal
distribution of research funding, and restricted opportunities
for professional advancement [4]. In many regions, cultural
expectations and traditional social norms further discourage
women from pursuing careers in engineering and
technology, contributing to the persistence of gender
disparities in STEM disciplines.

Another significant challenge is the lack of visible
female role models within engineering leadership. When
young women do not observe successful women scientists
and engineers occupying influential academic or industrial
positions, their motivation to pursue similar career paths
may be reduced. Increasing the visibility of women leaders
in scientific and technological fields is therefore essential for
inspiring future generations of researchers and innovators.

To address these challenges effectively, universities,
research institutions, and policy-making bodies must
implement institutional strategies that actively support
women's participation in engineering research and
technological innovation. Mentorship programs, leadership
training initiatives, and specialized research grants designed
for women scientists can significantly enhance professional
development and research productivity [5]. Furthermore,
integrating gender equality principles into national
innovation policies and scientific development strategies can
foster more inclusive research ecosystems.

International collaboration also plays an important role
in promoting women's contributions to science and
engineering. Academic conferences, research networks, and
global scientific forums provide valuable platforms where
women researchers can present their work, establish
professional partnerships, and increase their visibility within
the international scientific community. Through these
collaborative efforts, the participation and influence of
women in engineering innovation can be substantially
strengthened.
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The objective of this study is to analyze the role of
women in engineering innovation and scientific leadership
within modern STEM systems, with particular attention to
institutional mechanisms that promote gender equality and
inclusive scientific development.

2. Research methodology

This study adopts a structured qualitative-analytical
approach designed to provide a coherent and evidence-based
examination of women's participation in engineering
innovation and scientific leadership within contemporary
STEM systems. The methodological framework is built on
the integration of secondary data analysis, comparative
evaluation, and conceptual interpretation in order to ensure
analytical consistency and academic rigor. The research
relies on statistical and institutional data obtained from
internationally ~ recognized  organizations, including
UNESCO, OECD, World Bank, and the National Science
Foundation, which provide reliable indicators on gender
distribution in engineering education, research activity, and
leadership representation. The use of such sources is
essential for maintaining comparability across regions and
avoiding subjective or unverified assumptions.

A cross-country comparative perspective is applied to
identify structural differences in women's participation
across various economic and institutional contexts. This
comparison focuses on key measurable dimensions,
including access to engineering education, representation in
research institutions, participation in innovation systems,
and involvement in decision-making positions. Rather than
treating these indicators independently, the study interprets
them within an integrated analytical framework that
combines gender equality theory with innovation system
theory, allowing for a systematic understanding of how
institutional structures and policy environments shape
participation outcomes.

To strengthen the analytical depth, the study
incorporates content analysis of academic literature, policy
reports, and documented international practices. This
enables the identification of recurring patterns related to
barriers, institutional constraints, and enabling mechanisms
such as mentorship programs, funding access, and leadership
development initiatives. Particular attention is given to the
interaction between formal institutional policies and
underlying  socio-cultural ~ factors, recognizing that
disparities in STEM participation are driven by both
structural and contextual influences.

Finally, the study employs a qualitative correlation
approach to assess the relationship between women's
participation and innovation performance. Instead of relying
on formal econometric modeling, the analysis systematically
synthesizes empirical evidence and theoretical insights to
establish logically consistent connections between gender
diversity, research productivity, and innovation outcomes.
This  methodological choice prioritizes clarity of
interpretation and conceptual validity, ensuring that the
conclusions are grounded in observable trends rather than
unsupported generalizations.

3. Results and Discussion

The analysis demonstrates that increasing women's
participation in engineering and STEM fields is directly
associated with stronger innovation performance and more

effective research systems. While global data indicate a
steady rise in female enrollment in engineering education,
this progress does not extend proportionally to leadership
positions or advanced research roles. This imbalance reflects
a structural limitation within STEM systems, where
participation at entry levels does not translate into sustained
career advancement, resulting in a gradual reduction of
female representation at higher levels of responsibility.

Institutional analysis shows that organizations with
greater gender diversity tend to achieve higher levels of
research productivity and innovation efficiency. This
outcome is linked to the presence of varied perspectives
within research teams, which enhances problem-solving
capacity and supports the development of interdisciplinary
solutions. In environments characterized by complex
technological challenges, such diversity becomes a
functional advantage rather than a normative objective.

The findings also indicate that targeted institutional and
policy interventions contribute positively to improving
women's participation. Programs focused on education
access, professional development, and leadership support
have demonstrated measurable impact, particularly in
systems where these initiatives are implemented
consistently. However, the effectiveness of such measures is
constrained in contexts where socio-cultural factors continue
to influence career pathways. Persistent stereotypes and
traditional role expectations remain significant barriers,
limiting the long-term retention and advancement of women
in engineering fields.

Another important observation concerns the role of
women in leadership positions. Institutions that include
women in strategic decision-making processes tend to
demonstrate  more balanced and socially responsive
approaches to innovation. This suggests that participation at
the leadership level influences not only representation but
also the direction and quality of technological development.

Overall, the results confirm that gender inclusion in
STEM is closely linked to the functional capacity of
innovation systems. Expanding women's participation
contributes to more adaptive, efficient, and resilient research
environments. Conversely, underutilization of this potential
represents a structural inefficiency that directly limits
scientific and technological progress.

4. Conclusion

The analysis presented in this study demonstrates that
women's participation in engineering and technological
innovation represents a critical factor for strengthening
contemporary scientific ecosystems. Increased
representation of women in STEM contributes to greater
diversity of perspectives, which enhances creativity,
interdisciplinary collaboration, and the development of
socially relevant technological solutions.

Although significant progress has been achieved in
expanding women's access to STEM education and research
opportunities, disparities remain evident in leadership
positions, research funding distribution, and representation
within engineering industries. Addressing these gaps
requires coordinated efforts at institutional, national, and
international levels.

Policies aimed at ensuring equitable access to education,
research resources, and leadership opportunities can
significantly strengthen women's engagement in engineering
innovation. In addition, mentorship programs, professional
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networks, and international scientific collaborations play an
important role in supporting the professional development
and global visibility of women researchers.

Ultimately, strengthening women's participation in
STEM fields is not only a matter of social justice but also a
strategic necessity for building inclusive, innovative, and
sustainable scientific systems capable of addressing complex
global challenges.
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The article is devoted to the analysis of the issues of preservation, reconstruction and restoration of the
historical and cultural heritage of Bukhara. The historical experience of monument care from ancient
times to the Soviet period is considered, achievements and mistakes in the field of restoration in the 20th
century are assessed. Particular attention is paid to modern projects implemented with the support of
international organizations, as well as current challenges associated with preserving the authenticity of
the architectural appearance of the city. The author emphasizes the need for an integrated approach that
combines scientific methods, traditional techniques and modern technologies for the effective protection
of the cultural heritage of Bukhara.

Also, modern problems of preservation, reconstruction and restoration of the historical and cultural
heritage of the city of Bukhara - one of the most important centers of Islamic architecture in Central Asia
are considered. Based on the analysis of historical sources, architectural monuments and restoration
practices of the 20th-21st centuries, both successful examples of preservation and mistakes leading to the
loss of authenticity are identified. Particular attention is paid to the methods and materials used in the
restoration of key sites, such as the Lyabi-Khauz and Poi-Kalyan ensembles. The necessity of a
comprehensive and scientifically based approach to the protection of cultural heritage in the context of
modern urbanization and tourism is emphasized.

Bukhara, historical and cultural heritage, restoration, reconstruction, preservation of monuments,
UNESCO, architecture, traditional methods, modern restoration. architecture of Central Asia; Lyabi-

Khauz; Kalyan minaret

1. Introduction

Bukhara is one of the oldest cities in Central Asia, with
a rich history and unique cultural heritage. Since the 10th
century, it has been a center of Islamic science and art, and
during the era of the Bukhara Emirate it became an important
political and cultural hub in the region [1]. Bukhara's
monuments are not only architectural structures, but also
evidence of the philosophical, literary and scientific life that
formed a unique civilization[2].

Preserving this heritage is a complex task that involves
studying the history of restoration methods, understanding
the mistakes of the past and developing modern approaches
that meet international standards [3].

In the traditional society of Bukhara, the care of
architectural monuments was carried out within the
framework of religious and social initiatives. The
maintenance of mosques, madrassas and mausoleums was
often financed through wagfs (charitable donations), which
allowed them to be maintained in satisfactory condition [4].
Local master restorers (“usto™) used traditional building
materials and methods, ensuring the continuity of
architectural techniques. The history of Bukhara knows
many catastrophic events: the Mongol invasion of the 13th
century, internal wars, natural disasters[5,7]. Each time, the
restoration was carried out taking into account traditional
architectural principles. Particularly intensive work was
carried out during the reign of the Timurids and Sheibanids,
when Bukhara turned into one of the religious centers of the
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Muslim world[6]. The famous historian Narshakhi wrote in
one of his books, “The History of Bukhara,” that the city was
called “Numizhkat” (or “Bumis kat”).[] He also mentioned
that in Arabic the city had two names: Madinat al-Sufriyya
(the copper city) and “Madinat al-Tijjar” (the city of
merchants) [8]. It was also mentioned there that in Khorasan
there was not a single similar city that would be given as
many names as Bukhara was called. Historical monuments,
which are masterpieces of architecture, have attracted
tourists and pilgrims from all over the world for centuries.
Most of the city has remained untouched and represents a
living history that has reached our time. Along with the old
part with numerous architectural monuments, the city is a
modern industrial and cultural center. Academician V.V.
Bartold associated the origin of the city's name with the
Sanskrit "vihara" - a Buddhist monastery [10,11].

In 1993, the historical part of Bukhara was included by
UNESCO in the list of cities of world heritage of humanity.
In 1997, under the auspices of UNESCO, the 2500th
anniversary of the city was widely celebrated on an
international scale [12].

The era of the Bukhara Emirate. In the 18th-19th
centuries, a new rise in urban development is observed:
madrassas (for example, the Miri Arab madrassah),
mosques, bazaars are being restored [13]. At the same time,
interest in the preservation of old monuments is increasing,
which is confirmed by numerous records of restoration work
recorded in documents. With the establishment of Soviet
power at the beginning of the 20th century, the attitude
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towards the monuments of Bukhara changed. On the one
hand, large-scale research and the creation of protective lists
of architectural monuments began. In the 1920s and 1930s,
the first scientific restoration work was undertaken,
organized by the Monument Protection Committee. Among
the successful projects was the restoration of the Lyabi-
Khauz ensemble [14].

However, the ideological attitudes of the era also led to
destruction: mosques and madrassas were used for
warehouses, barracks, and workshops. Sometimes, during
restoration, the authenticity of the buildings was violated:
unusual architectural elements were added or work was
carried out without due consideration of historical features
[15].

By the beginning of the 1990s, many monuments of
Bukhara were in critical condition. Some structures, such as
mosques and madrassas, required urgent conservation and
restoration measures. Spontaneous construction around the
historical center led to the loss of the integrity of the ancient
urban landscape. Preservation of the historical and cultural
heritage of Bukhara requires the comprehensive application
of both traditional and modern scientifically based
approaches. Restoration activities are carried out taking into
account the authenticity of architectural forms, the stability
of structures and the cultural significance of the object. The
methods and materials used are determined by the type of
monument, the degree of its destruction and historical and
artistic value [16].

The architectural ensembles of Poi-Kalyan, Lyabi-
Khauz, Gaukushon, Bahauddin Nagshband, Chor-Bakr,
Toshmachit, the Samanid Mausoleum and others are the best
examples of the works of medieval architects of the 11th-
17th centuries. The uniqueness of the cultural heritage of
Bukhara is determined by the centuries-long stable (almost
uninterrupted) development of a significant city on a single
territory, without the transfer of construction to new sites
typical of Islamic cities. This allowed the formation of a
surprisingly organic, densely saturated "fabric" of urban
development, including, along with the narrow streets and
"sea" of residential buildings with inner courtyards typical
of Eastern cities, many outstanding architectural monuments
- not only individual ones, but also entire ensembles and
complexes. The centuries-old activity of thinkers, architects,
poets earned the city the honorary titles of "Dome of Faith",
"Noble Bukhara", "Blessed City".

2. Research methodology

Restoration and reconstruction work on the territory of
historical Bukhara is based on a comprehensive
interdisciplinary  approach, including methods of
architectural analysis, archaeological research, source
studies and engineering survey. The main goal is to preserve
the cultural and artistic value of the object with minimal
interference in its historical substance.

The methodological basis of this study is based on a
comprehensive  approach, including historical and
architectural analysis, source study method, comparative
typological approach, as well as elements of applied
technical disciplines used in the field of restoration and
reconstruction of architectural monuments.

The purpose of the study is to identify and systematize
the methods and materials used in the restoration and

reconstruction of the historical and cultural heritage of the
city of Bukhara, as well as an analysis of the effectiveness of
their use from the standpoint of preserving the authenticity
of the objects. It is carried out on the basis of studying
archival materials, chronicles (in particular, "Tarikh-i
Bukhara™), waqf documents, reports of restoration
expeditions and visual sources (photographs, drawings of the
19th-20th centuries). This method allows us to determine the
original appearance of monuments and record the stages of
their transformation.

It is used to identify the stratigraphy of building layers,
determine the technology of masonry and building materials.
This approach was especially important in studying such
objects as the Ismail Samani Mausoleum, the Kalyan
ensemble and the Miri-Arab Madrasah. It is used to compare
various historical buildings with their analogues inside
Bukhara and other cities of Central Asia (Samarkand,
Khiva), which allows us to identify the characteristic
elements of the Bukhara architectural school.

Include geodetic survey, 3D scanning, photogrammetry
and inspection of structures using modern technical means.
These methods provide an accurate recording of the current
state of monuments and allow us to model possible
restoration solutions. It involves studying the composition of
building solutions, the structure and origin of bricks, tiles,
plasters. It also considers the use of modern polymer and
strengthening compounds, as well as engineering solutions
in the restoration of structures. Results and discussion. In
1993, the historic center of Bukhara was included in the
UNESCO World Heritage List. This event gave impetus to
the implementation of large international restoration
programs. One of the landmark projects was the restoration
of the Poi-Kalyan ensemble (Kalyan minaret, Kalyan
mosque, Miri Arab madrasah), where the latest conservation
methods were used: 3D scanning of the surface,
microanalysis of materials, strengthening of the foundation
using modern technologies.

1970y. 2020y

Fig. 1. Miri-Arab Madrasah, Bukhara

Restoration and improvement work was also carried out
on the Lyabi-Khauz ensemble, the Ulugbek madrasah, and
the Ismail Samani mausoleum. The Lyabi-Khauz ensemble,
formed in the 17th century, is one of the key architectural
complexes in the historical center of Bukhara, included in
the UNESCO World Heritage List. The complex unites three
main monuments: the Kukeldash madrasah (1568-1569),
the khanaka and the Nadir Divanbegi madrasah (1620—
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1622), located around an artificial reservoir, the hauz. The
first restoration work on the Lyabi-Khauz ensemble was
carried out in the 1950s and 1960s as part of the state
program for the preservation of architectural monuments of
the Uzbek SSR. The main goal was to eliminate hazardous
areas, clear the territory of late buildings, and strengthen the
foundations of the structures. In the second half of the 20th
century, specialists from the Institute of Architecture of
Uzbekistan participated in restoration work, in particular
under the supervision of restorer Sh. Bulatov and architect
G. A. Pugachev. During this period, the following was done:

- measurements of buildings and detailed photo
recording were carried out;

- destroyed parts of the portals of the khanaka and
madrasah were restored;

- lost sections of majolica and carved panels were
reconstructed,;

- thevaults and cornices of the Kukeldash madrasah
were strengthened.

The restoration work of the Lyabi-Khauz ensemble
demonstrated the need for a balance between:

« preserving historical authenticity and

« adapting objects to modern tourist use.

Mostly traditional materials were used (fired brick,
majolica, lime mortars), but modern technologies
(reinforcement, waterproofing of foundations) were used in
hidden structures. The Lyabi-Khauz ensemble is not only an
architectural dominant of old Bukhara, but also functions as
a public space. Thanks to the restoration, the complex was
returned to active cultural life, while preserving its historical
and artistic value. It has become a model example of a
successful combination of scientific restoration, tourist
infrastructure and urban improvement.

Fig. 2. 1923 Lyabi-Khauz, Divanbegi khanaka
1982 Lyabi-Khauz, Divanbegi khanaka

7

The Kalyan Minaret, built in 1127 by order of the
Karakhanid ruler Arslan Khan, is an outstanding example of
the architecture of the Islamic East. With a height of about
46.5 meters and unique brickwork, it became not only a
religious building, but also an important urban landmark of
old Bukhara. Its architectural harmony and stability ensured
the durability of the structure, but over the centuries it was
subjected to the destructive effects of time, nature and man.

Initial attempts to describe the condition of the minaret
were made by Russian orientalists and architects as part of
Turkestan archaeological expeditions. Even then, partial
damage to the masonry and the destruction of decorative
friezes were noted.

Restoration work began in the 1930s and intensified in
the 1950s-1970s as part of a large-scale program to preserve

monuments of Central Asia. Under the supervision of the
architect-restorer Sh. Bulatov the following was completed:

- minaret measurements and crack fixation;

- injection cementation of the base to strengthen the
foundation;

- replacement and partial re-laying of destroyed
sections of brickwork;

- clearing and restoration of belt ornaments;

- conservation of the upper tier (guldasta) using
majolica and brick identical to the original.

A large-scale project for the comprehensive restoration
of the Poi-Kalyan ensemble, which includes the minaret, was
implemented for the 2500th anniversary of Bukhara (1997).
The main works included: engineering survey of the
foundation condition using ground penetrating radars; base
leveling by reinforcing with cement-sand mortars; cleaning
the masonry from biological deposits; spot restoration of
destroyed ornamental elements using the element-by-
element replacement method; improvement of the adjacent
territory: paving the area, organizing lighting, installing
security barriers.

R S0
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Fig. 3. 3 eras. Kalyan Minaret in Bukhara. 1907-1920-
2017

Traditional materials were used in the restoration: hand-
molded fired bricks, as close as possible in composition to
medieval ones; lime and clay mortars; majolica for
decorative fragments, made in Bukhara workshops.

Modern technologies were used covertly: injection
strengthening compounds, reinforcement of the base, as well
as waterproofing of the underground part. Restoration
activities not only ensured the physical stability of the
structure, but also contributed to its integration into the
tourist and cultural environment of the city. The Kalyan
Minaret has become a symbol of Bukhara, recognizable at
the international level, as well as an object demonstrating an
effective synthesis of traditional crafts and modern
engineering approaches in the field of monument protection.

Today, new programs for the integrated preservation of
heritage are being implemented in Bukhara, which include:

* Training of personnel in the field of restoration and
museum affairs.

* Development of scientific research on the history of
Bukhara architecture.

 Involvement of digital modeling technologies for
monitoring the condition of monuments.

« Strengthening the legal protection of historical zones.

3. Conclusion

The historical and cultural heritage of Bukhara is a living
testimony to many eras and civilizations. Past experience
shows that successful preservation of monuments is possible
only with a combination of respect for traditions, a scientific

ENGINEER



approach and modern technologies. In the context of
globalization, urbanization and the growth of tourism, the
task of preserving the authentic appearance of ancient
Bukhara is becoming especially urgent. Responsibility for
the future of the city lies with both specialists and the general
public, for whom Bukhara is not just a tourist attraction, but
a part of the world's cultural memory. The analysis shows
that despite the significant efforts made in the 20th-21st
centuries, the processes of preservation, reconstruction and
restoration of historical sites face a number of serious
problems. These include: inconsistency between modern
engineering  solutions and traditional construction
technologies; lack of qualified specialists in the field of
scientific restoration; destructive influence of natural factors
and urbanization  pressure;  non-compliance  with
international standards in a number of restoration projects;
commercialization and tourist pressure, leading to the loss of
the authenticity of the historical environment. The future of
historical Bukhara directly depends on a conscious attitude
towards its cultural heritage. Only in the conditions of a
scientifically grounded, ethically balanced and legally
regulated approach is it possible to ensure the preservation
of this unique civilizational phenomenon for future
generations.
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The 15-minute city has emerged as a contemporary urban planning paradigm aimed at improving
sustainability, social equity, and quality of life by ensuring that essential daily services are accessible
within a short walking or cycling distance from residential areas. By prioritizing proximity, mixed land
use, and active mobility, the model challenges car-dependent urban development patterns and promotes
human-centered urban environments. This paper examines the theoretical foundations of the 15-minute
city concept, its implications for urban mobility and governance, and its applicability across diverse urban
contexts, including transitional cities. Using a qualitative and comparative analytical approach, the study
reviews international implementation practices and policy frameworks in order to identify both the
opportunities and limitations of proximity-based planning. The findings indicate that the 15-minute city
represents a flexible and adaptive framework for sustainable urban development; however, its successful
implementation depends on integrated transport systems, inclusive planning policies, and context-
sensitive adaptation to local socio-spatial conditions.

15-minute city, sustainable urbanism, proximity planning, walkability, urban mobility, inclusive

development

1. Introduction

Rapid urbanization and motorization have significantly
reshaped contemporary cities, often resulting in traffic
congestion, environmental degradation, and socio-spatial
inequality. Throughout the twentieth century, car-oriented
planning paradigms prioritized speed and vehicular
mobility, frequently at the expense of accessibility, public
health, and urban livability. As a consequence, Ccities
worldwide are increasingly seeking alternative planning
approaches that emphasize sustainability, resilience, and
human well-being [1].

In this context, the 15-minute city has gained global
attention as a new urban paradigm. The concept proposes
that residents should be able to access essential daily
services—such as employment, education, healthcare, retail,
and recreational spaces—within a 15-minute walk or bicycle
ride from their homes. Rather than limiting mobility, the
model aims to expand individual choice by reducing
compulsory car dependence and strengthening local
accessibility [2].

This paper critically analyzes the 15-minute city as a
framework for sustainable urban living, focusing on its
theoretical foundations, mobility implications, governance
requirements, and practical limitations.

Literature review

The principles underlying the 15-minute city are rooted
in earlier urban theories advocating compact, mixed-use, and
walkable environments. Jacobs emphasized the importance
of functional diversity and vibrant street life, while the New
Urbanism  movement promoted pedestrian-oriented
neighborhood design. Building on these foundations, the 15-
minute city introduces a temporal dimension to accessibility

3 https://orcid.org/0000-0001-6636-6206

by evaluating urban performance in terms of travel time
rather than physical distance [3, 4, 15].

Recent studies associate proximity-based urbanism with
a wide range of environmental, social, and economic
benefits. Walkable neighborhoods are linked to lower
greenhouse gas emissions, reduced energy consumption, and
improved air quality [5, 16]. Active mobility—particularly
walking and cycling—also contributes to improved public
health outcomes and lower rates of non-communicable
diseases [6, 17]. Moreover, local accessibility strengthens
neighborhood economies and social cohesion by
encouraging local consumption and everyday social
interaction [7, 18].

To operationalize proximity-based planning, several
analytical frameworks have been developed, including the
Flower of Proximity model. This framework evaluates
accessibility across multiple daily-life dimensions such as
education, healthcare, commerce, recreation, and mobility
within  defined time thresholds [15, 19]. Such
multidimensional approaches allow planners to assess not
only spatial proximity but also functional balance and equity
in service distribution.

Despite its growing popularity, the 15-minute city
concept has faced criticism. Some scholars argue that it
oversimplifies complex urban systems and underestimates
the need for city-wide and regional mobility, particularly for
specialized services and employment sectors [8, 20]. Others
warn that improvements in neighborhood accessibility may
increase property values and accelerate gentrification if
equity-oriented housing and land-use policies are not
implemented simultaneously [9, 21, 25].
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2. Research methodology

This study adopts a qualitative and conceptual research
methodology. Secondary data sources—including academic
literature, international policy documents, and urban
planning reports—are systematically reviewed to evaluate
the principles and implementation strategies of the 15-
minute city model.

A comparative case study approach is employed to
examine cities where the concept has been actively
implemented, particularly Paris and Vienna, and to assess its
potential applicability in transitional urban contexts such as
Tashkent.

The analytical framework focuses on four key
dimensions:

- land use and spatial proximity;

- mobility systems;

- governance and policy instruments;

- social equity considerations.

This  multidimensional ~ approach  enables a
comprehensive assessment of both the opportunities and
constraints associated with proximity-based urban planning
[2]. The conceptual framework used in this study is
illustrated in Figure 1.

)
SUSTAINABLE URBAN DEVELOPMENT |

dency

Fig. 1. Conceptual framework of the 15-minute city for
sustainable urban development

3.1 Mobility and Accessibility in the 15-Minute City

Mobility plays a central role in the 15-minute city
paradigm. The model prioritizes walking and cycling as
primary modes of everyday travel, supported by high-quality
public transport for longer-distance journeys.

Achieving this transition requires the reallocation of
urban street space through wider sidewalks, protected
bicycle lanes, traffic calming measures, and improved
pedestrian safety [4, 10].

Public transport integration is essential to ensure that
proximity-based neighborhoods remain connected to the
broader urban system. Efficient, frequent, and accessible
transit services allow residents to reach specialized services
and employment opportunities beyond the 15-minute radius.

In addition, micromobility solutions—such as shared
bicycles and e-scooters—can address first- and last-mile
connectivity challenges and extend the functional reach of
active mobility [11].

By reducing reliance on private automobiles, the 15-
minute city contributes to lower carbon emissions, decreased
traffic congestion, and improved urban air quality,
supporting global climate and public health goals [5, 23].

3.2 Policy and Governance Implications

The successful implementation of the 15-minute city
depends on supportive policy frameworks and effective
governance structures.

While neighborhood-scale interventions are important,
broader  systemic  challenges—including  housing
affordability, land-use regulation, and infrastructure
investment—must be addressed at the city-wide level [12].

Key policy instruments include:

mixed-use zoning policies;

affordable housing regulations;

investments in public transport and pedestrian
infrastructure;

protection of local services.

Participatory planning processes are equally critical, as
they ensure that local communities are actively involved in
decision-making and that urban transformation does not
exacerbate existing social inequalities [7].

International examples demonstrate that proximity-
based planning can be institutionalized through planning
guidelines and evaluation tools. For instance, Melbourne’s
20-minute neighbourhood policy provides a structured
framework for assessing accessibility and guiding urban
development [13, 24].

3.3 Case Studies: Paris, Vienna, and Transitional
Cities

Paris is widely regarded as one of the most prominent
examples of the 15-minute city in practice. Since 2020, the
city has pursued a comprehensive urban transformation
strategy aimed at decentralizing daily services and
prioritizing proximity-based living. Major initiatives include
the expansion of cycling infrastructure, pedestrianization of
school streets, conversion of schoolyards into community
spaces, and the creation of green infrastructure such as urban
forests and pocket parks.

Vienna offers a complementary model of proximity-
based urban development based on long-term strategic
planning, a strong social housing system, and a highly
efficient public transport network. The city’s polycentric
structure ensures that essential services—including
education, healthcare, retail, and green spaces—are
distributed across multiple neighborhood  centers,
reinforcing both accessibility and social equity [14].

To better illustrate the differences in planning
approaches and urban structures among the selected cities, a
comparative overview is presented in Table 1.

Table 1
Comparative Analysis of the 15-Minute City
Implementation: Paris, Vienna, and Tashkent

Indicator Paris Vienna Tashkent
(France) (Austria)  (Uzbekista
n)
Urban Explicit Polycentric  Transition
planning implementa  compact from
paradigm tion of the city model  Soviet
15-minute functional
city concept zoning
toward
mixed-use
planning
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Overall Fully Long-term  Early-stage
implementa  implemente  proximity-  conceptual
tion level d strategic based developme
model urban nt
planning

Spatial Dense Polycentric ~ Predomina
structure urban fabric  structure ntly mono-
with with functional
decentralize  multiple residential
d local districts
neighborho  centers
od hubs
Land-use Strong Stable Predomina
pattern mixed-use mixed-use  ntly
redevelopm  zoning separated
ent land uses
Mobility Walking, Public Private car
priority cycling, and  transport use
public and active ~ dominant
transport mobility
prioritized dominant
Cycling Rapidly Well- Fragmente
infrastructur  expanding developed  dand
e protected cycling limited
bicycle infrastructu  cycling
network re facilities
Pedestrian Pedestrianiz  Wide Uneven
environmen  ed streets sidewalks pedestrian
t and traffic-  and infrastructu
calmed pedestrian-  re
zones friendly
public
spaces
Public Strong Efficient Existing
transport integration city-wide network
integration  with public with
proximity- transport limited
based network integration
neighborho with
ods walkability
Green and Urban High- Large
public forests, quality green areas
spaces pocket green with
parks, and spaces uneven
schoolyard  integrated accessibilit
conversions  into y
neighborho
ods
Governance  Strong Stable Fragmente
approach political long-term d
leadership planning governance
and policy institutions  framework
support
Community  Participator  High level  Informal
participatio  y budgeting  of public participatio
n mechanisms involveme  n through
nt mahalla
institutions
Housing Risk of Strong Limited
and equity gentrificatio  social affordable
policy n; housing housing
regulatory system policies
mitigation

The comparison presented in Table 1 highlights
significant differences in how proximity-based urban
planning is implemented across the three cities. Paris
demonstrates a rapid policy-driven transition toward the 15-
minute city through active mobility policies and
decentralized service provision. Vienna represents a stable
and long-term proximity-oriented urban model supported by
strong institutional frameworks and social housing policies.
In contrast, Tashkent reflects the characteristics of a
transitional urban context where mono-functional zoning
patterns and increasing car dependency still dominate the
urban structure.

In contrast, transitional cities—particularly those in
Central Asia—face structural challenges that complicate the
direct adoption of the 15-minute city model. Soviet-era
planning traditions often resulted in mono-functional
zoning, wide arterial roads, and spatial separation of
residential and service areas. Nevertheless, neighborhood
structures such as the mahalla system provide a valuable
foundation for adapting proximity-based planning principles
to local conditions.

To further evaluate accessibility to everyday services
within the 15-minute city framework, the Flower of
Proximity analytical model is applied. The comparative
assessment of the selected cities is presented in Table 2.

Table 2
Flower of Proximity—Based Comparative Assessment of
Paris, Vienna, and Tashkent

Indicator Paris Vienna Tashkent
Schools and
. Even Uneven
childcare A L
. - distribution distribution
Education accessible of of
accessibility xglhkli?l educational educational
. g facilities services
distance
Local clinics
and . Primary
Health services pharmacies <Ij) ﬁ%i?ttrrégrz: healthcare
integrated in svstem available
neighborhood Y but uneven
S
Dense Balanced Sc?rtl?::elntrate
Retail and network of

local retail ~ d along

daily services local shops distribution  major

and markets

corridors
Urban forests, Well- Large green
Green spaces pocket parks, distributed  spaces with
and green parks and limited
corridors public spaces accessibility
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Indicator Paris Vienna Tashkent
Strong Integrated
cycling public Car-oriented
Mobility infrastructure transport and mobility
and pedestrian active structure
priority mobility
Strong Highly :-n'tr:“rz‘t’ion
Multimodal integration of integrated g
s - L . between
connectivity ~ micromobility multimodal ki d
and transit transport walking an
transit
. High . -
EqUI_ty of accessibility Re_latlvely Slgn_lflcant
service in most uniform spatial
distribution districts accessibility inequality
servces | sccssale POl
15-minute accessible within or accessibility
accessibility  \ithin15  near 15 "m‘”ltnhl:t”esm
minutes minutes
. Early-stage
Implemgntatlo Advanced Mature and developmen
n maturity stable t

The results summarized in Table 2 demonstrate that
Paris and Vienna exhibit relatively balanced accessibility
across most proximity indicators. In these cities, mixed-use
development  patterns,  well-developed  pedestrian
environments, and integrated public transport systems allow
residents to access essential services within short distances.
In contrast, Tashkent displays a more uneven distribution of
accessibility indicators, particularly in relation to mobility
infrastructure and retail service integration. These findings
indicate that improving walkability, strengthening
multimodal transport integration, and promoting mixed-use
development are essential steps for advancing proximity-
based urban planning in transitional cities.

However, implementing such planning approaches
requires significant investments in pedestrian and cycling
infrastructure, mixed-use redevelopment, and stronger
integration with public transport systems.

3. Conclusion

The historical and cultural heritage of Bukhara is a living
testimony to many eras and civilizations. Past experience
shows that successful preservation of monuments is possible
only with a combination of respect for traditions, a scientific
approach and modern technologies. In the context of
globalization, urbanization and the growth of tourism, the
task of preserving the authentic appearance of ancient
Bukhara is becoming especially urgent. Responsibility for
the future of the city lies with both specialists and the general
public, for whom Bukhara is not just a tourist attraction, but
a part of the world's cultural memory. The analysis shows
that despite the significant efforts made in the 20th-21st
centuries, the processes of preservation, reconstruction and
restoration of historical sites face a number of serious

problems. These include: inconsistency between modern
engineering  solutions and traditional construction
technologies; lack of qualified specialists in the field of
scientific restoration; destructive influence of natural factors
and urbanization  pressure;  non-compliance  with
international standards in a number of restoration projects;
commercialization and tourist pressure, leading to the loss of
the authenticity of the historical environment. The future of
historical Bukhara directly depends on a conscious attitude
towards its cultural heritage. Only in the conditions of a
scientifically grounded, ethically balanced and legally
regulated approach is it possible to ensure the preservation
of this unique civilizational phenomenon for future
generations.
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Stress-dependent senomorphic-like activity of buckwheat-derived rutin
mediated via SIRT1

N.R. Hamzaeva®?
Tashkent State Medical University, Tashkent, Uzbekistan

Abstract: Sirtuin 1 (SIRT1) is a key NAD*-dependent deacetylase regulating cellular metabolism, oxidative stress
resistance, and longevity. This study investigates the senomorphic-like effects of buckwheat-derived
rutin on SIRT1 under basal and toxic stress conditions. Using in vivo experiments in mice (liver and
kidney tissues, n=8/group) and in silico molecular docking, we assessed SIRT1 protein levels and rutin
interactions. BPA-induced stress decreased SIRT1 expression (p < 0.05), whereas co-treatment with
buckwheat extract restored and elevated SIRT1 above control levels, indicating stress-responsive
modulation. Docking analysis revealed strong binding of rutin to the SIRT1 catalytic site (up to —10.3
kcal/mol) with multiple hydrogen bonds, supporting direct modulatory potential. These findings suggest
that buckwheat bioactives maintain homeostatic SIRT1 under normal conditions while enhancing its
activity under stress, providing a potential dietary strategy to mitigate senescence-associated secretory

phenotype (SASP)-related damage.
Keywords:

SIRT1, buckwheat, senomorphic, rutin, molecular docking, oxidative stress, SASP

1. Introduction

Rapid Cellular senescence is a physiological process
characterized by irreversible cell cycle arrest, contributing to
age-related functional decline, chronic inflammation, tissue
dysfunction, and the progression of degenerative diseases.
Sirtuin 1 (SIRT1), an NAD*-dependent deacetylase, serves
as a central regulator of this process by modulating cellular
metabolism, mitochondrial function, autophagy, oxidative
stress responses, and longevity pathways [1,2].

Beyond its canonical roles, SIRT1 exerts senomorphic
effects: it modulates the senescence-associated secretory
phenotype (SASP) in senescent cells by suppressing pro-
inflammatory cytokines (e.g., IL-6, IL-8), proteases, and
other factors without inducing cell death. This attenuates
senescence-related tissue damage while preserving basal
cellular function under normal conditions [3,4,5]. Reduced
SIRT1 activity is associated with heightened SASP
activation and accelerated cell cycle arrest, underscoring its
protective role against senescence-driven pathology [6].

Natural polyphenols, particularly flavonoids such as
rutin, have been shown to activate SIRT1 and exhibit
context-dependent senomorphic activity. These compounds
enhance cellular resilience to oxidative and metabolic stress
by selectively upregulating SIRT1 under stress conditions
while maintaining homeostatic expression in unstressed cells
[7,8]. Rutin, a major flavonoid abundant in buckwheat
(Fagopyrum esculentum), has demonstrated protective
effects against oxidative stress and inflammation, partly
through SIRT1-dependent pathways, including modulation
of NF-xB signaling and improvement of mitochondrial
function [9,10]. Rutin also reduces markers of cellular
senescence in various models and suppresses aspects of
SASP, supporting its potential as a senomorphic agent
[11,12].

Buckwheat (Fagopyrum esculentum) is a rich dietary
source of rutin and related bioactives, positioning it as a
promising modulator of SIRT1-mediated senomorphic

a2 https://orcid.org/0000-0002-8120-3728

pathways [13,14,15]. However, the specific mechanisms by
which buckwheat bioactives influence SIRT1 expression
and activity particularly under stress versus basal conditions
remain incompletely understood. Integrating in vivo
expression analysis with in silico molecular docking
provides a robust approach to characterize these interactions
and the potential senomorphic effects of buckwheat
flavonoids.

The aim of this study was to investigate the modulatory
effects of buckwheat bioactives on SIRT1, quantify SIRT1
protein levels in liver and kidney tissues under basal and
toxic stress conditions, and predict the molecular
interactions of rutin with SIRT1 through docking analysis.
By doing so, we sought to demonstrate the senomorphic
potential of buckwheat bioactives and their role in protecting
cells from stress-induced senescence.

2. Research methodology

1. Animals and Treatment Protocol
The experiment was conducted on laboratory mice
maintained under standard conditions (12 h light/12 h dark
cycle, 22 + 2°C, ad libitum access to food and water).
Animals were randomly assigned to four experimental
groups (n = 8 per group):

1.  Control — untreated, unstressed rats.

2.  BKW-STW — mice treated with buckwheat
extract alone.

3. BPA-STP — mice exposed to bisphenol A (BPA)
to induce toxic stress.

4. BKW-BPA — mice treated with both buckwheat
extract and BPA.

Treatments were administered orally at predetermined
doses for 25 consecutive days. All procedures followed
national and international ethical guidelines for animal
experimentation.

2. In  Vivo SIRT1 Expression Analysis
At the end of the treatment period, animals were
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anesthetized, and liver and kidney tissues were collected.
Tissue samples were homogenized, and SIRT1 protein levels
were quantified using an ELISA kit according to the
manufacturer’s instructions. Protein concentrations were
expressed as ng/mg of total protein.

Statistical Analysis: Data were presented as Mean +
SEM. One-way ANOVA followed by Tukey’s post-hoc test
was used to assess differences among groups. Statistical
significance was defined as p < 0.05.

3. InSilico Molecular Docking

e  Ligands: Major buckwheat flavonoid -rutin.

e Receptor: 3D structure of SIRT1 obtained from
the Protein Data Bank (PDB).

e Docking Tool: CB-Dock2 was used to predict
ligand binding to the SIRT1 catalytic site.

e  Evaluation Criteria:

o  Formation of hydrogen bonds and interactions
with key catalytic residues

Docking results were visualized to confirm the stability
of ligand-SIRT1 interactions, providing insight into the
direct modulatory potential of buckwheat flavonoids.

4. Ethical Considerations
All animal experiments were conducted in accordance with
the guidelines of the National and International Committees
for Laboratory Animal Care. ELISA and in silico procedures
adhered to standard biosafety protocols.

4. Results ad discussion

1. SIRT1 Expression in Liver and Kidney
SIRT1 protein levels in liver and kidney tissues varied
significantly among the experimental groups (Table 1).

o  Binding affinity (kcal/mol)
Table 1
SIRT1 protein levels in liver and kidney tissues (Mean + SEM, ng/mg protein)

Group Liver Kidney
Control 434+0.21 5.40 +0.04
BKW-STW 3.94+0.08 4.73+0.16
BPA-STP 3.73+0.10 4.65+0.14
BKW-BPA 4.67+0.19* 5.91+0.10*

feedback. Co-treatment with buckwheat and BPA (BKW-
BPA) restored and enhanced SIRT1 expression, exceeding
control levels (p < 0.05), indicating stress-responsive
senomorphic activity.

BPA treatment significantly reduced SIRT1 expression
in both liver and kidney (p < 0.05), reflecting toxic stress-
induced downregulation. Buckwheat treatment alone
(BKW-STW) slightly decreased SIRT1 in unstressed

tissues, consistent with context-dependent negative
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Fig. 1. SIRT1 protein levels in liver and kidney tissues. Statistical significance between groups is indicated (*p < 0.05, **p
<0.01)
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2.1n Silico Docking Analysis
Molecular docking of buckwheat flavonoids revealed stable
interactions with the SIRT1 binding site.

The docking analysis identified several potential binding
pockets of SIRT1 interacting with Rutin (Table 1). Among
them, pocket C2 exhibited the highest binding affinity at —
10.3 kcal/mol, with a large volume of 4052 A® and centered

Fig. 2. 3D molecular docking of Rutin with SIRT1

at coordinates (10, -2, 19), indicating a spacious and
energetically favorable site for ligand accommodation.
Pockets C3, C5, C4, and C1 showed slightly lower affinities
(8.7 to 8.0 kcal/mol), with variable volumes and positions,
suggesting multiple potential binding sites that may
contribute to the modulatory effect of Rutin.

Table 2
Binding affinities, pocket volumes, and docking coordinates of Rutin with SIRT1
Pocket ID Affinity (kcal/mol) Volume (A%) Center (x,y,2) Docking Size(x,y,z)
c2 -10.3 4052 (10, -2, 19) (25, 33, 31)
C3 -8.7 2827 (19,17, 27) (25, 33, 25)
C5 -8.7 485 (40, -8, 26) (25, 25, 25)
c4 -8.4 646 (30,-21, 27) (25, 25, 25)
C1 -8.0 4407 (43,-27,18) (25, 35, 32)

Rutin formed multiple hydrogen bonds with key
catalytic residues of SIRT1, supporting a direct modulatory
effect on SIRT1 activity. These interactions provide a
structural basis for the observed in vivo senomorphic effects,
as flavonoids may enhance SIRTL1 activity under stress
conditions without affecting basal levels.

3. Integrated Analysis
The combination of in vivo and in silico data demonstrates
that buckwheat bioactives exhibit senomorphic properties:

1.  Stress-free conditions (BKW-STW): SIRT1
expression is slightly decreased, maintaining homeostasis.

2. Toxic stress (BPA-STP): SIRT1 expression
decreases due to oxidative stress.

3. Stress + Buckwheat (BKW-BPA): SIRT1 is
restored and enhanced, indicating stress-responsive
senomorphic activity.

4. Docking evidence: Rutin binds stably to SIRT1,
supporting direct modulation.

These results suggest that buckwheat bioactives can
selectively modulate SIRT1, protecting cells from SASP-
related damage under stress while maintaining basal
function under normal conditions.

Cellular senescence is a hallmark of aging and
contributes to tissue dysfunction, chronic inflammation, and
increased susceptibility to degenerative diseases. SIRT1, a
NAD*-dependent deacetylase, has emerged as a key
regulator of senescence, oxidative stress response, and
metabolic homeostasis [1,2]. Beyond its canonical roles,
SIRT1 has been implicated in senomorphic activity,
whereby it modulates the senescence-associated secretory
phenotype (SASP) without inducing cell death, thereby

attenuating pro-inflammatory signaling and tissue damage
[3,4,5].

In the present study, we demonstrate that buckwheat
bioactives exert context-dependent, senomorphic effects on
SIRTL. In unstressed tissues, buckwheat treatment (BKW-
STW) slightly decreased SIRT1 expression relative to
control, consistent with homeostatic regulation and negative
feedback mechanisms. This suggests that buckwheat
flavonoids do not overactivate SIRT1 in basal conditions,
preventing potential metabolic imbalance. Conversely,
under BPA-induced toxic stress, SIRT1 expression was
significantly reduced (BPA-STP), reflecting oxidative and
metabolic perturbations. Co-treatment with buckwheat
(BKW-BPA) restored and further enhanced SIRT1 levels,
indicating stress-responsive modulation and supporting a
senomorphic mechanism [13].

In silico docking analysis provides structural insights
into this modulatory activity. Rutin exhibited favorable
binding energy (-10.2 kcal/mol, ) and formed stable
hydrogen bonds with key catalytic residues of SIRT1. These
findings suggest that the flavonoid act as direct modulators,
enhancing SIRT1 activity under stress conditions, which
aligns with the observed in vivo restoration of protein levels
[15]. Importantly, this direct interaction likely underpins the
selective senomorphic activity, whereby SIRT1-mediated
suppression of SASP reduces inflammatory signaling in
stressed cells without affecting normal cellular function.
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SENOMORPHIC MECHANISM OF ACTION
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Fig. 3. Role of SIRT1 in the senomorphic mechanism
mediated by buckwheat flavonoids

Previous studies have reported similar senomorphic
effects for polyphenols such as resveratrol and quercetin,
which enhance SIRT1 activity, mitigate SASP factors, and
protect tissues from age- or toxin-induced damage [16]. Our
results extend these findings by demonstrating that
buckwheat-derived flavonoids can modulate SIRT1 in a
tissue-specific and stress-dependent manner, highlighting
their potential as natural senomorphic agents [17].

The integrated in vivo and in silico approach strengthens
the mechanistic understanding of buckwheat flavonoids.
Restoration of SIRT1 in liver and kidney under toxic stress,
coupled with stable ligand-receptor interactions in silico,
provides compelling evidence that the senomorphic effects
are mediated by direct SIRT1 modulation, rather than
indirect antioxidant effects alone. This distinction is critical
for designing senomorphic interventions, as it emphasizes
selective modulation of senescence-associated pathways
without cytotoxicity.

Overall, these findings support the concept that
buckwheat bioactives confer protective senomorphic effects
through SIRT1, preserving tissue homeostasis under normal
conditions and enhancing stress resilience. Such compounds
may have translational potential in preventing or mitigating
senescence-associated tissue dysfunction and toxicity-
induced cellular damage.

5. Conclusion

This study demonstrates that buckwheat (Fagopyrum
esculentum) bioactives, particularly rutin and quercetin,
exert senomorphic effects through the selective modulation
of SIRT1. Key findings include:

1.  Under normal, unstressed conditions, buckwheat
maintains basal SIRT1 expression, preventing unnecessary
overactivation and supporting cellular homeostasis.

2. Under BPA-induced toxic stress, SIRT1
expression is downregulated, but co-treatment with
buckwheat restores and enhances SIRT1 levels,
demonstrating stress-responsive senomorphic activity.

3. Insilico docking confirms that rutin binds stably
to SIRT1’s catalytic site, providing mechanistic evidence for
direct modulation of SIRT1 activity.

4. Overall, buckwheat bioactives suppress stress-
induced SASP and inflammatory signaling without inducing
cell death, highlighting their potential as natural
senomorphic agents.

These results support the concept that buckwheat-
derived flavonoids can enhance cellular resilience and
protect tissues from senescence-associated dysfunction,
offering a promising dietary or therapeutic approach for age-
and toxin-related cellular stress. Future studies should
explore long-term effects and translational applications in
models of chronic senescence and metabolic dysfunction.
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Influence of silica gel dispersion and superplasticizer on the properties of
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The influence of the dispersion and content of ground silica gel on the properties of cement paste in the
presence of a polycarboxylate-based superplasticizer was investigated. Silica gel was introduced in
amounts of 5, 10, and 15% by mass of cement, while the superplasticizer dosage was 1%. It was
established that an increase in the fineness of silica gel promotes the intensification of hydration processes
and the formation of a denser cement paste structure. It was shown that the optimal silica gel content is
5%, at which the maximum strengthening effect is achieved. The incorporation of the superplasticizer
reduces the water-to-cement ratio and enhances the compressive strength of the cement paste; however,
it is accompanied by an increase in setting time. The highest strength was obtained for the composition
containing 5% finely dispersed silica gel and 1% superplasticizer. The observed effect is attributed to the
combined action of the additives and the densification of the cement paste structure.

silica gel, fineness, cement paste, superplasticizer, water-to-cement ratio, compressive strength, setting
time, modification of cementitious systems

1. Introduction

The development of non-autoclaved foamed concrete is
associated with the need to improve the strength
characteristics and structural homogeneity of the cement
paste while simultaneously reducing the material density.
One of the most effective approaches is the use of active
mineral additives capable of participating in pozzolanic
reactions and promoting the formation of additional calcium
silicate hydrate (C-S—H) phases [1, 2].

The pozzolanic activity of silica-containing materials is
governed by their interaction with calcium hydroxide,
leading to the formation of low-basic calcium silicate
hydrates, which contribute to the densification of the cement
paste structure and an increase in its strength [3]. The
intensity of these processes is largely determined by the
fineness of the additive and the content of amorphous silicon
dioxide [4].

Silica fume is the most widely used silica-containing
additive, as it accelerates cement hydration, reduces the
content of portlandite, and contributes to the formation of a
denser microstructure [5]. At the same time, studies show
that the efficiency of such additives strongly depends on
their dosage; exceeding the optimal content leads to a
dilution effect in the cement system [6].

In recent years, increasing attention has been paid to the
use of silica gel as an alternative source of amorphous SiO..
Due to its high specific surface area and reactivity, silica gel
can axKTUMBHO BCTyIIaTb B MYIIOJAHOBYIO PEaKIIHIO,
CHOCOOCTBYs JOMOJIHUTEIbHOMY oOpazoBanuio C-S—H-
¢assl [7]. However, the effect of silica gel fineness on the
properties of cement paste remains insufficiently studied,
especially under conditions of complex modification.

An additional factor influencing structure formation
processes is the use of superplasticizers, which affect
hydration kinetics, the water-to-cement ratio, and setting
time [8]. However, the combined effect of silica gel fineness
and superplasticizer on the properties of cementitious
systems requires further investigation.

https://orcid.org/0009-0009-7560-2691
b https://orcid.org/0009-0005-4832-4623

In this regard, the aim of this study is to investigate the
effect of the fineness and content of ground silica gel on the
setting time and strength characteristics of cement paste in
the presence of a superplasticizer.

2. Materials and methods

Portland cement CEM I1/A-K (Z-1) 42.5N produced by
JSC “Ahangarancement” was used as the binder.

Technical silica gel was used as a mineral additive and
ground under laboratory conditions in a ball mill to three
levels of fineness: 9215, 4310, and 1866 cm?g. Different
degrees of fineness were achieved by varying the grinding
duration. The obtained powders were characterized by
different specific surface areas, determined using a PVKh-
11A apparatus, which made it possible to evaluate the effect
of fineness on the reactivity of the additive.

A polycarboxylate-based superplasticizer of German
origin (“Master Glenium”) was used as a chemical
admixture to regulate the rheological properties of the
mixture. The dosage of the superplasticizer was 1% by mass
of cement and was selected based on preliminary
experimental studies as optimal, ensuring effective water
reduction without adverse effects on hydration processes and
the strength characteristics of the cement paste.

The water-to-cement ratio was adjusted for each
composition according to the standard consistency,
determined by the Vicat method (with plunger) in
accordance with GOST 310.3-76, which ensured identical
rheological conditions and the reliability of the comparative
analysis of the studied systems.

The initial and final setting times were determined using
the Vicat method with a needle in accordance with GOST
310.3-76 “Cements. Methods for determination of standard
consistency, setting time, and soundness.”

The initial setting time was defined as the moment when
the Vicat needle failed to reach the bottom of the mould by
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1-2 mm, while the final setting time corresponded to a
penetration depth of not more than 1 mm.

All measurements were carried out at a temperature of
(20+2) °C.

Cube specimens with dimensions of 20x20%20 mm were
prepared from the investigated compositions and kept in
moulds for 24 hours. After demoulding, the specimens were
stored in a standard curing chamber at a temperature of
(20+2) °C and a relative humidity of at least 95%, in
accordance with GOST 10180-2012.

For convenience of analysis, the investigated
compositions were designated as follows:

R — cement paste without  additives;
SP — cement paste with superplasticizer Master Glenium
(1% by mass of cement);

SG5C — cement paste with silica gel (5%) and
superplasticizer Master Glenium (1%);

FSG — compositions with finely dispersed silica gel;
MSG — compositions with medium-dispersed silica gel;
CSG — compositions with coarsely dispersed silica gel.

Within each series, the silica gel content was 5, 10, and
15% by mass of cement. The content of additives is given as
a percentage of the cement mass.

Compressive strength was determined at the age of 28
days using a hydraulic press (model to be specified) in
accordance with GOST 10180-2012.

The tests were carried out on six parallel specimens for
each composition.

3. Results and Discussion

It was established that the fineness of ground silica gel
has a significant effect on the structure formation processes
of the cement paste. The appearance of silica gel with
different degrees of fineness is shown in Figure 1.

An increase in grinding time leads to a reduction in
particle size and an improvement in powder homogeneity,
indicating an increase in the specific surface area of the
material.

The water-to-cement ratio for the investigated
compositions was selected in accordance with the standard
consistency of the cement paste. The obtained W/C values
are presented in Table 1.

The greatest increase in the W/C ratio was observed for
compositions with finely dispersed silica gel, which is
attributed to its high specific surface area.

Despite the increase in the water-to-cement ratio with the
incorporation of silica gel, an increase in compressive
strength is observed, confirming the active participation of
silica gel in the pozzolanic reaction and its strengthening
effect.

ai— ;

aitell

b) coarsely ground

a) unground

Fig.1. Appearance of silica gel with different degrees of finenes

¢) medium-ground

d) finely ground

Table 1

Composition of cement mixtures and their water-to-cement ratio determined based on standard consistency

No Composition WIC Silica gel, % by cement silica gel, g Penetration*depth
mass , mm
1 R 0,30 - - 5
2 0,32 5 20 6
3 FSG 0,34 10 40 6
4 0,38 15 60 5
5 0,32 5 20 5
6 MSG 0,34 10 40 6
7 0,37 15 60 6
8 0,32 5 20 5
9 CSG 0,33 10 40 55
10 0,33 15 60 6

* Distance between the Vicat plunger and the bottom of the mould.

The results of compressive strength tests at the age of 28
days are presented in Figure 2.
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Fig. 2. Effect of silica gel content and fineness on the
compressive strength of cement paste

It was established that the incorporation of silica gel
leads to an increase in the compressive strength of the
cement paste, while the magnitude of the effect depends on
both the content of the additive and its fineness.

At a silica gel content of 5%, the strength increase
reaches up to 9-10% for coarsely dispersed, up to 15% for

medium-dispersed, and up to 23% for finely dispersed
material compared to the reference composition.

With an increase in silica gel content to 10%, the effect
is maintained; however, the magnitude of the strength gain
slightly decreases, amounting to approximately 6%, 11%,
and 19%, respectively.

A further increase in content to 15% results in a
reduction in strength, reaching up to 19% for coarsely
dispersed and up to 11% for medium-dispersed silica gel,
whereas for finely dispersed material the strength remains at
the level of the reference composition.

It should be noted that the increase in strength occurs
despite the rise in the water-to-cement ratio, which indicates
the active progression of the pozzolanic reaction and the
formation of additional C-S-H phase, leading to
densification of the cement paste structure.

It was established that the optimal silica gel content is
5%, with the maximum strengthening effect observed when
finely dispersed silica gel is used.

Based on the obtained results, further studies were
carried out for compositions with the indicated silica gel
content, incorporating a polycarboxylate superplasticizer in
an amount of 1% by mass of cement to evaluate their
combined effect on hydration processes, setting time, and
strength characteristics of the cement paste.

The results of setting time determination for the selected
compositions are presented in Table 2.

Table 2

Water-to-cement ratio, compressive strength, and setting time of cement paste composition

Composition wi/C Co;rtwgrgsas;;:s&%r;gth Initial setting time Final setting time
R 0,3 52,3 2h10min 2 h50min
SP 0,21 59,62 6 h 40 min 3h30min
SG5C 0,22 95,4 5h 25 min 4 h 55 min

It was established that the incorporation of the
MasterGlenium superplasticizer (1%) leads to a significant
increase in the initial setting time compared to the reference
composition, indicating its retarding effect.

The addition of 5% silica gel in the presence of the
superplasticizer contributes to a reduction in the initial
setting time, which is attributed to its high fineness and the
acceleration of hydration processes.

A similar trend is observed for the final setting time.

It was shown that the superplasticizer exerts a retarding
effect on the setting processes, whereas silica gel partially
compensates for this effect.

The test results demonstrated that the incorporation of
the superplasticizer leads to an increase in the compressive
strength of the cement paste, which is consistent with
literature data and is attributed to a reduction in the water-to-
cement ratio and densification of the structure.

The highest strength was observed for the SG5C
composition containing 5% silica gel and 1%
superplasticizer. The strength increase is approximately 60%
compared to the SP composition.

The observed effect is explained by the combined action
of the additives. The superplasticizer reduces the water-to-
cement ratio, while finely dispersed silica gel, owing to its
high specific surface area, intensifies the pozzolanic
reaction, leading to additional formation of the C-S-H
phase. Similar trends in strength enhancement with the
incorporation of silica-containing additives have been
reported in several studies [2, 4, 5].

It was observed that the combined use of the
superplasticizer and silica gel provides a pronounced

synergistic effect and results in a significant increase in the
strength of the cement paste.

Thus, the use of ground silica gel in combination with a
superplasticizer is an effective approach for modifying
cementitious binders and can be recommended for
application in non-autoclaved foamed concrete.

4. Conclusion

The results obtained demonstrate that the fineness and
content of silica gel have a significant effect on the
properties of cement paste.

It was shown that an increase in silica gel fineness
enhances its reactivity and intensifies the pozzolanic
reaction. The optimal silica gel content is 5% by mass of
cement, at which the maximum strengthening effect is
achieved.

It was found that the incorporation of a polycarboxylate-
based superplasticizer at a dosage of 1% reduces the water-
to-cement ratio and increases the compressive strength of the
cement paste; however, it is accompanied by an increase in
setting time.

It was demonstrated that the combined use of the
superplasticizer and finely dispersed silica gel provides a
pronounced synergistic effect, resulting in a significant
increase in strength while maintaining the workability of the
mixture.

The obtained results are consistent with X-ray
diffraction analysis data, confirming a decrease in
portlandite content and an increase in the proportion of
amorphous C-S-H phase.
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Application of digital twin technology for monitoring residential buildings
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The rapid digitalization of the construction industry has led to the development of advanced technologies
for monitoring and managing the condition of buildings and infrastructure. One of the most promising
approaches is Digital Twin technology, which creates a dynamic digital representation of a physical
object by integrating digital models with real-time monitoring data. This study investigates the
application of Digital Twin technology for monitoring residential buildings in Uzbekistan, a region
characterized by high seismic activity. The proposed framework integrates Building Information
Modeling (BIM), sensor-based Structural Health Monitoring (SHM), and cloud-based data analytics to
provide continuous assessment of structural performance. The methodology includes the development of
a detailed BIM model of the building, the installation of a network of structural and environmental
sensors, and the integration of collected data into a digital twin platform for real-time analysis and
visualization. The system enables monitoring of vibration characteristics, deformation, and
environmental effects on structural elements. The results demonstrate that the integration of digital
models, sensor networks, and artificial intelligence technologies allows early detection of structural
anomalies, supports predictive maintenance strategies, and improves the reliability and safety of
residential buildings. The proposed approach can serve as a technological basis for developing digital
seismic passports of buildings and implementing smart infrastructure monitoring systems in Uzbekistan
and other seismically active regions.

digital twin, structural health monitoring, BIM, seismic monitoring, residential buildings, sensor

networks, predictive maintenance, smart infrastructure

1. Introduction

One of the most promising directions in the
digitalization of the construction industry is Digital Twin
technology. A digital twin represents a highly accurate
virtual counterpart of a physical object that is created based
on digital models and continuously updated using data
obtained from sensor-based monitoring systems [1]. Unlike
traditional Building Information Modeling (BIM) models,
a digital twin functions as a dynamic system that ensures
synchronization between the physical object and its virtual
representation in real time [3]. In civil engineering, digital
twin technology is actively applied to address problems
related to structural health monitoring and assessment of
the technical condition of building structures. The
integration of sensors measuring acceleration, deformation,
temperature, and vibration with digital building models
enables continuous analysis of the dynamic behavior of
structures and prediction of potential structural damage [2].
These technologies are particularly important in seismically
active regions, where rapid evaluation of structural
performance under dynamic loading is required. Structural
health monitoring systems integrated with digital twins
allow the analysis of dynamic characteristics such as natural
frequencies, mode shapes, and damping ratios, which
may indicate changes in structural stiffness and possible
damage [4]. Recent studies show that the integration of
digital twins with sensor-based monitoring systems can
significantly improve structural condition assessment and
enable predictive maintenance strategies [1]. Such
systems allow early detection of structural defects, reduction
of maintenance costs, and improvement of the reliability of
building structures.

Literature Review

Digital Twin Technology in Civil Engineering

The concept of Digital Twin (DT) has emerged as a
transformative approach in civil engineering, allowing the
creation of high-fidelity digital replicas of physical
structures. Unlike traditional BIM models, a digital twin
operates dynamically, continuously integrating real-time
sensor data to represent the current state of a structure and
predict its behavior under operational or environmental
loads (Fuller & Fan, 2020) [6].

Digital twin systems facilitate continuous structural
monitoring by integrating networks of accelerometers, strain
gauges, temperature, and vibration sensors with analytical
models. Such integration allows early detection of deviations
from expected performance, identification of structural
damage, and implementation of predictive maintenance
strategies [7].Recent studies demonstrate that combining
laser scanning technology with DT frameworks significantly
improves the accuracy of as-built models and structural
deformation monitoring. For example, Yashinsky et al.
(2014) utilized laser scanning for post-earthquake bridge
inspections, highlighting its effectiveness in detecting subtle
geometric changes and structural anomalies [8]. Similarly,
Takhirov & Kayen (2021) compared point clouds generated
by terrestrial laser scanning and photogrammetric methods,
showing that DT models based on laser scanning provide
higher fidelity for structural analysis [9].

Structural Health Monitoring (SHM) for Seismic
Regions
Structural Health Monitoring (SHM) is a key
application of digital twins, particularly in seismically active
regions. SHM systems record structural vibrations, natural
frequencies, mode shapes, and damping ratios, enabling
early detection of stiffness reductions and potential damage
[10].The integration of DT and SHM allows continuous
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evaluation of structural integrity under dynamic loads. For
instance, studies on reinforced concrete and steel bridges
show that DT-based SHM can predict post-earthquake
performance, optimize maintenance schedules, and extend
the service life of infrastructure (Takhirov et al., 2021) [11].
Furthermore, real-time monitoring enables engineers to
respond promptly to critical changes in building
performance, ensuring occupant safety in high-risk seismic
zones (Takhirov, 2021) [12].
Regional Research in Central Asia

Research on Structural Health Monitoring (SHM)
and Digital Twin technologies in Central Asia is becoming
increasingly important due to the region’s high seismic
activity and rapid urban development. In Uzbekistan, several
studies have focused on the application of advanced
monitoring technologies for infrastructure safety. For
instance, Takhirov et al. (2020-2025) applied terrestrial
laser scanning and vibration sensors for bridge monitoring in
Tashkent, demonstrating that point cloud data can
effectively detect geometric imperfections and support the
creation of digital twins for predictive maintenance [9].
Similarly, Rashidov et al. (2020) presented a comprehensive
program for the structural assessment of bridges,
emphasizing the importance of integrating SHM systems to
improve seismic risk mitigation strategies [10]. In
Kazakhstan, research has explored the use of modern sensor
technologies and data analysis methods for structural
monitoring. Yusupov and Suleimenov (2022) implemented
wireless sensor networks and inertial measurement units
(IMUs) to monitor building vibrations under seismic loads,
integrating the collected data into predictive maintenance
models [11]. Furthermore, Akhmetov et al. (2023) applied
statistical and machine learning algorithms to analyze the
dynamic responses of buildings in Almaty, demonstrating
the potential for automated SHM systems within digital twin
frameworks [12]. Studies in Kyrgyzstan and Tajikistan have
also contributed to this field. Ismanova (2021) investigated
the seismic response of residential buildings using modal
frequency analysis, which aligns with SHM methodologies
used in digital twin modeling [13]. In addition, Yusufova
(2023) examined vibration-based monitoring techniques for
residential buildings, highlighting their importance for early
warning systems and damage detection in seismically active
regions [14].

2. Materials and methods

The proposed Digital Twin system for residential
buildings consists of three interrelated components: a digital
building model based on Building Information Modeling
(BIM), a structural monitoring sensor network, and a data
analytics platform that enables real-time analysis and
predictive diagnostics. The integration of these components
allows the creation of a dynamic digital representation of the
physical building, which continuously updates based on real
operational data and supports informed decision-making for
maintenance and safety management.

Digital Building Model

The digital representation of the building is developed
using BIM software such as Autodesk Revit. The BIM
model contains comprehensive and structured information
about the building and serves as the foundational layer for

the Digital Twin system. It includes detailed data on
structural geometry, such as columns, beams, slabs, and
shear walls, which define the load-bearing framework of the
structure. In addition, the model incorporates information on
material properties, including strength characteristics,
density, elasticity, and durability parameters of construction
materials. The BIM environment also stores architectural
information, such as floor plans, spatial configuration,
facade systems, and internal layout of residential units.
Furthermore, engineering systems—including Mechanical,
Electrical, and Plumbing (MEP) components—are
integrated into the model. This includes ventilation systems,
electrical networks, water supply pipelines, and heating
infrastructure. By combining these datasets, the BIM model
provides a comprehensive digital representation of the
building that supports structural analysis, maintenance
planning, and integration with monitoring technologies.
Within the Digital Twin framework, the BIM model acts as
a reference model that is continuously updated based on
sensor data obtained from the physical structure.

Sensor Monitoring Network

To monitor the structural performance of the building in
real time, a network of embedded and surface-mounted
sensors is installed in critical structural elements. These
sensors collect continuous data on the physical state and
dynamic behavior of the building. The monitoring system
may include accelerometers to measure structural vibrations
and dynamic responses, strain gauges to detect deformation
in structural members, displacement sensors to monitor
movement or settlement, and environmental sensors to
record temperature and humidity conditions that may
influence material behavior. The placement of sensors is
determined based on structural analysis and critical load-
bearing zones of the building, such as foundations, columns,
shear walls, and floor slabs. During seismic events or
dynamic loads, the sensors capture vibration characteristics,
including frequency, amplitude, and acceleration responses.
This information allows engineers to evaluate structural
performance and detect early signs of damage or structural
degradation.

Sensor data are transmitted in real time to cloud-based
data processing systems using Internet of Things (loT)
communication protocols. Through wireless communication
technologies, the collected data are continuously
synchronized with the Digital Twin platform. The
integration of real-time monitoring data with the digital
model enables the visualization of structural behavior,
automatic detection of anomalies, and the development of
predictive maintenance strategies aimed at improving the
safety and resilience of residential buildings, particularly in
seismically active regions.

3. Results and Discussion

The figure illustrates the integrated system for
monitoring,  diagnosing, and analyzing transport
infrastructure, buildings, and engineering structures using
mobile laboratories, 3D scanning technologies, artificial
intelligence, and digital twin modeling. At the first stage,
field data are collected using a mobile laboratory equipped
with modern measurement instruments, including drones,
3D scanners, and cameras. These tools are used to perform
instrumental inspections and 3D scanning of buildings,
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structures, and transport infrastructure, allowing researchers
to obtain accurate geometric and structural data. The
collected information is then transferred to the scientific and
practical laboratory at the university, where it is processed in
a modern simulation laboratory equipped with high-
performance computers and specialized software. At this
stage, computational analysis and structural modeling are
performed. The processed data are further analyzed in the
Artificial Intelligence Laboratory (Al Lab). Using artificial
intelligence algorithms, the system creates a digital twin of
the building or structure, which represents a virtual model
that reproduces the real object’s physical and structural
characteristics. Based on the digital twin, advanced
simulations and analytical calculations are carried out to
assess the condition and behavior of structures under
different loads, including seismic impacts. As a result, the
system provides several important outputs:

» Non-destructive diagnostics of buildings and
structures using artificial intelligence technologies

* Creation of digital seismic passports for buildings and
transport infrastructure

» Development of seismic-resistant structural solutions
to improve safety and reliability

Thus, the presented scheme demonstrates a closed
technological cycle that integrates field measurements,
digital modeling, artificial intelligence, and engineering
analysis to support modern infrastructure monitoring and
structural safety assessment.
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4. Conclusion

This study presented the concept and methodological
framework of a Digital Twin—based monitoring system for
residential buildings in Uzbekistan, integrating Building
Information Modeling (BIM), sensor-based Structural
Health Monitoring (SHM), and advanced data analytics
technologies. The proposed approach demonstrates how
digital models, real-time sensor data, and analytical
platforms can be combined to create a dynamic
representation of a building that continuously reflects its
physical condition.

The results indicate that the integration of BIM models
with sensor monitoring networks enables continuous
observation of structural behavior, including vibration
characteristics, deformation patterns, and environmental
influences. Such integration improves the ability to detect
structural anomalies at an early stage and provides a reliable
basis for assessing the technical condition of buildings,

particularly in seismically active regions. The use of cloud-
based data transmission and Internet of Things (loT)
technologies ensures real-time synchronization between the
physical structure and its digital counterpart. The analytical
platform of the Digital Twin system further enhances
monitoring capabilities by applying signal processing,
modal analysis, and machine learning algorithms to interpret
structural data and identify abnormal patterns. This enables
predictive maintenance strategies and supports informed
decision-making regarding building safety, maintenance
planning, and lifecycle management.

T he developed monitoring scheme also demonstrates
the effectiveness of integrating field inspection technologies,
such as mobile laboratories, 3D scanning, and drone-based
data collection, with artificial intelligence and digital
modeling tools. This integrated workflow allows the creation
of digital seismic passports for buildings and infrastructure,
supports non-destructive structural diagnostics, and provides
a basis for the development of improved seismic-resistant
design solutions.

Overall, the proposed Digital Twin framework offers
a promising approach for improving the monitoring, safety,
and resilience of residential buildings in Uzbekistan. The
implementation of such systems can contribute to the
development of smart infrastructure management practices
and enhance the reliability of buildings exposed to seismic
hazards. Future research should focus on the practical
implementation of pilot Digital Twin systems, expansion of
sensor networks, and the development of advanced Al-based
algorithms for automated structural damage detection and
risk assessment.
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Enhancing women’s leadership in science and innovation

O. Bahodiroval®?
tUzbekistan State World Languages University, Tashkent, Uzbekistan

Enhancing women’s leadership in science and innovation has become a critical priority in the context of
global knowledge economies and sustainable development. Despite notable progress in women’s access
to education, their representation in leadership positions within stem fields remains limited. This paper
examines the structural, socio-cultural, and institutional barriers that hinder women’s advancement into
leadership roles in science and innovation. Drawing on interdisciplinary research and global data, the
study identifies key challenges, including gender stereotypes, limited access to professional networks,
lack of mentorship, and organizational biases. Furthermore, the paper explores how these barriers
contribute to underutilization of women’s potential in innovation ecosystems. The findings highlight that
inclusive leadership is essential for enhancing creativity, improving decision-making, and ensuring more
equitable and effective scientific outcomes. In response, the study proposes a set of strategic
recommendations, including leadership development programs, gender-sensitive policies, mentorship
initiatives, and institutional reforms aimed at fostering inclusive environments. The paper concludes that
strengthening women’s leadership in science and innovation is not only a matter of equity but also a
strategic driver of sustainable and inclusive development.

women’s leadership, science and innovation, gender equality, stem, leadership development, innovation

systems, women in stem

1. Introduction

In the contemporary era of knowledge-driven
economies, science and innovation have become central to
sustainable development, global competitiveness, and
technological advancement. Leadership within these
domains plays a decisive role in shaping research agendas,
guiding innovation processes, and influencing policy
directions. However, despite significant progress in
expanding women’s access to education and participation in
the workforce, a substantial gender gap persists in leadership
positions within science and innovation systems. \WWomen
remain underrepresented not only in STEM fields but
particularly in decision-making roles, senior academic
positions, and innovation leadership structures.

This imbalance reflects deeper structural and socio-
cultural inequalities that extend beyond access to education.
While women increasingly enroll in higher education and, in
some regions, achieve parity with men in overall academic
attainment, their progression into leadership roles remains
limited. This phenomenon is often described as the “glass
ceiling,” referring to invisible barriers that prevent women
from advancing to top positions despite adequate
qualifications and performance. In the context of science and
innovation, these barriers manifest in various forms,
including limited access to research funding,
underrepresentation in high-impact publications, exclusion
from professional networks, and biased evaluation systems.

Furthermore, leadership in science and innovation is not
merely a matter of representation but has significant
implications for the quality and inclusiveness of research
outcomes. Diverse leadership teams have been shown to
enhance creativity, improve problem-solving, and foster
more comprehensive and socially responsive innovations.
The absence of women in leadership roles can therefore
result in a narrow range of perspectives, potentially limiting

3% https://orcid.org/0009-0005-3700-9548

the scope and impact of scientific and technological
advancements. This is particularly relevant in addressing
complex global challenges such as climate change, public
health, and digital transformation, where inclusive and
multidisciplinary approaches are essential.

Another important dimension of this issue relates to
socio-cultural norms and gendered expectations that
influence women’s career trajectories. Traditional
perceptions of leadership as a predominantly male domain,
combined with expectations related to family responsibilities
and work-life balance, often discourage women from
pursuing or sustaining leadership roles. In addition, the lack
of visible female role models in science and innovation
further reinforces the perception that leadership in these
fields is not equally accessible to women. These factors
collectively contribute to a “leaky pipeline,” where women
gradually exit or stagnate at different stages of their
academic and professional careers.

The institutional environment also plays a critical role in
shaping leadership opportunities. Organizational cultures
that lack inclusivity, transparency, and gender-sensitive
policies can hinder women’s advancement. Issues such as
implicit bias in hiring and promotion processes, unequal
distribution of resources, and limited access to mentorship
and sponsorship opportunities further exacerbate the gender
gap in leadership. As a result, even highly qualified and
capable women may face disproportionate challenges in
achieving leadership positions within scientific and
innovation ecosystems.

Given the increasing importance of innovation in driving
economic growth and addressing global challenges,
enhancing women'’s leadership in science and innovation has
become a strategic priority for governments, institutions, and
international organizations. Promoting gender equality in
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leadership is not only a matter of social justice but also a key
factor in strengthening innovation capacity and ensuring
sustainable development. Inclusive leadership can lead to
more diverse research agendas, improved organizational
performance, and more equitable distribution of
opportunities within the scientific community.

This paper aims to examine the key barriers limiting
women’s leadership in science and innovation and to analyze
the broader implications of this gap for innovation systems.
It further seeks to identify effective strategies and policy
interventions that can support women’s advancement into
leadership roles. By adopting a multidisciplinary
perspective, the study contributes to the growing body of
research on gender equality in STEM and provides practical
recommendations for fostering more inclusive and resilient
innovation ecosystems.

This study adopts a qualitative, analytical, and
interdisciplinary research design to examine the factors
influencing women’s leadership in science and innovation.
Given the complexity of leadership dynamics and gender
disparities, the research integrates perspectives from gender
studies, organizational theory, innovation studies, and higher
education research.

2. Materials and methods

The primary methodological approach is a systematic
and critical review of existing literature. Academic journal
articles, international reports, and policy documents
published by leading organizations such as UNESCO, the
World Economic Forum, and the OECD are used as the main
data sources. These materials were selected based on their
relevance, credibility, and recency, with particular emphasis
on studies addressing gender equality, leadership
representation, and innovation systems. The literature
review focuses on identifying recurring patterns, structural
barriers, and enabling factors that shape women’s access to
leadership roles in scientific and technological domains.

In addition, the study employs a comparative analytical
method to explore differences in leadership trajectories
between men and women within STEM and innovation
environments. This approach allows for the examination of
disparities in career progression, access to resources, and
participation in decision-making processes. Key variables
considered include institutional support, availability of
mentorship and sponsorship, organizational culture, and
access to professional networks. The concept of the “glass
ceiling” is used as a theoretical framework to interpret
invisible barriers that limit women’s advancement to senior
and executive positions.

Furthermore, elements of qualitative discourse analysis
are incorporated to investigate how leadership is constructed
and represented in academic, institutional, and media
contexts. This includes analyzing how language, narratives,
and communication practices may implicitly reinforce
gendered perceptions of leadership as a male-dominated
domain. Such analysis helps to uncover subtle biases that
influence both self-perception among women and evaluation
processes within organizations.

The study relies on secondary data sources, including
statistical indicators on gender representation in leadership
positions, research funding distribution, and publication

patterns. These data are used to support the analytical
findings and provide a broader empirical context. While the
use of secondary data allows for a comprehensive and global
perspective, the study acknowledges limitations related to
data consistency and the absence of primary empirical
investigation.

To ensure validity and analytical depth, the research
applies a triangulation approach, combining insights from
multiple sources and methodologies. This enables a more
nuanced understanding of the issue and strengthens the
reliability of the conclusions drawn.

Overall, the methodological framework provides a
robust basis for analyzing the structural, cultural, and
institutional dimensions of women’s leadership in science
and innovation. It supports the identification of key
challenges and informs the development of evidence-based
recommendations aimed at fostering inclusive leadership
and enhancing women’s participation in decision-making
processes within innovation ecosystems.

The findings of this study indicate that women’s
underrepresentation in leadership positions within science
and innovation is a persistent and multifaceted issue shaped
by structural, institutional, and socio-cultural factors.
Despite progress in women’s access to higher education and
participation in STEM fields, their advancement into senior
and decision-making roles remains significantly limited.
This disparity highlights a critical gap between participation
and leadership, suggesting that access alone is insufficient to
ensure equality in outcomes.

One of the key findings relates to the existence of
structural barriers commonly described as the “glass
ceiling.” Women often encounter invisible yet powerful
constraints that limit their progression to leadership
positions, even when they possess comparable qualifications
and experience to their male counterparts. These barriers
manifest in unequal access to research funding, limited
representation  in  high-impact  publications, and
underrepresentation in senior academic and managerial
roles. As aresult, women are less likely to influence strategic
decision-making processes within scientific and innovation
systems.

Another important finding concerns the role of
organizational culture and institutional practices. The
analysis shows that many scientific and research institutions
continue to operate within traditionally male-dominated
frameworks, where leadership traits are implicitly associated
with masculine characteristics such as assertiveness and
competitiveness. This bias can disadvantage women, whose
leadership styles may differ but are equally effective.
Additionally, implicit bias in recruitment, promotion, and
evaluation processes further exacerbates gender disparities.
Women are often subject to higher performance expectations
while receiving less recognition for their achievements,
which slows their career advancement.

The study also highlights the critical importance of
mentorship, sponsorship, and professional networks in
shaping leadership trajectories. Access to influential
networks and senior mentors is a key factor in career
progression; however, women frequently have limited
access to these resources. The absence of strong support
systems reduces opportunities for skill development,
visibility, and leadership positioning. Conversely, evidence
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suggests that targeted mentorship programs and inclusive
professional networks can significantly enhance women’s
leadership potential and career outcomes.

A further dimension of the findings relates to the role of
socio-cultural norms and gendered expectations. Traditional
perceptions of gender roles continue to influence career
choices and professional aspirations. Women often face
additional pressures related to balancing professional
responsibilities with family and caregiving roles, which can
limit their availability for leadership positions that demand
high levels of time commitment and mobility. These
challenges contribute to the “leaky pipeline” phenomenon,
where women gradually exit or stagnate at different stages
of their careers, particularly at mid-career and leadership
transition points.

In addition, the analysis underscores the influence of
discourse and representation in shaping leadership
opportunities. Leadership in science and innovation is often
portrayed through narratives that emphasize male
dominance, thereby reinforcing stereotypes about who is
suited for leadership roles. The lack of visible female leaders
in academic publications, institutional leadership, and media
representations further perpetuates this cycle. This not only
affects external perceptions but also impacts women’s self-
confidence and willingness to pursue leadership positions.

The implications of these findings are significant for
innovation systems and organizational performance. The
underrepresentation of women in leadership limits diversity
in decision-making, which is essential for creativity,
problem-solving, and the development of inclusive
innovations. Research consistently shows that diverse
leadership teams produce more effective and sustainable
outcomes. Therefore, failing to promote women’s leadership
represents not only a social inequity but also a missed
opportunity for enhancing innovation capacity and
competitiveness.

In response to these challenges, the study identifies
several strategic recommendations. First, institutions must
implement transparent and equitable recruitment and
promotion processes that actively address implicit bias.
Second, leadership development programs specifically
designed for women can help build the necessary skills,
confidence, and networks required for advancement. Third,
mentorship and sponsorship initiatives should be
institutionalized to provide women with sustained support
throughout their careers.

Fourth, organizational cultures must evolve to become
more inclusive and supportive of diverse leadership styles.
This includes recognizing and valuing different approaches
to leadership, as well as promoting work-life balance
through flexible policies and supportive workplace
practices. Fifth, increasing the visibility of successful
women leaders in science and innovation is crucial for
challenging stereotypes and inspiring future generations.
This can be achieved through media representation,
academic recognition, and institutional acknowledgment.

Finally, policy-level interventions play a critical role in
driving systemic change. Governments and international
organizations should promote gender equality through
targeted funding programs, leadership quotas where
appropriate, and initiatives that support women’s
participation in high-level decision-making. Such measures

can accelerate progress and create a more balanced and
inclusive innovation ecosystem.

3. Conclusion

Overall, the results demonstrate that enhancing women’s
leadership in science and innovation requires a
comprehensive and coordinated approach that addresses
structural, cultural, and institutional barriers. By fostering
inclusive environments and providing targeted support, it is
possible to unlock the full potential of women as leaders,
thereby strengthening innovation systems and contributing
to sustainable development.

This study has explored the persistent gender gap in
leadership within science and innovation, emphasizing that
women’s underrepresentation is not merely an issue of
participation but a reflection of deeper structural,
institutional, and socio-cultural inequalities. The findings
demonstrate that despite increased access to education and
growing involvement in STEM fields, women continue to
face significant barriers in advancing to leadership and
decision-making positions. These barriers, including the
“glass ceiling,” implicit bias, limited access to networks, and
unequal distribution of opportunities, collectively restrict
women’s professional growth and influence within
innovation ecosystems.

The analysis further reveals that the absence of women
in leadership roles has broader implications beyond
individual career outcomes. It limits diversity in
perspectives, reduces the inclusiveness of research agendas,
and constrains the overall effectiveness of innovation
systems. In an era where complex global challenges require
interdisciplinary and inclusive solutions, the lack of gender
diversity in leadership positions represents a critical gap in
the capacity of scientific and technological development.

Importantly, the study highlights that addressing this
issue  requires more than increasing numerical
representation. It calls for a fundamental transformation of
institutional cultures, leadership models, and evaluation
systems. Creating inclusive environments where diverse
leadership styles are recognized and valued is essential for
enabling women to thrive. Moreover, strengthening
mentorship structures, expanding access to professional
networks, and ensuring transparency in recruitment and
promotion processes are key to supporting women’s
advancement.

Policy interventions also play a decisive role in
accelerating progress. Targeted initiatives such as leadership
development  programs,  gender-responsive  funding
mechanisms, and institutional accountability measures can
significantly enhance women’s representation in senior
positions. At the same time, promoting work-life balance
and flexible career pathways is essential to addressing the
structural constraints that disproportionately affect women.

In conclusion, enhancing women’s leadership in science
and innovation is both a matter of equity and a strategic
necessity. Empowering women to take on leadership roles
not only promotes fairness but also strengthens innovation
capacity, improves decision-making quality, and contributes
to more sustainable and inclusive development. Achieving
this goal requires coordinated efforts across educational
institutions, research organizations, and policy frameworks.
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Only through such comprehensive and sustained actions can
the full potential of women as leaders in science and
innovation be realized, ultimately benefiting society as a
whole.
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Research on the synthesis of zeolite NaX using Angren kaolin
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Abstract: In this study, the potential use of Angren kaolin as a source of silicon and aluminum oxides for the
synthesis of NaX zeolite was investigated. The synthesis of NaX zeolite involved several stages:
obtaining metakaolin from kaolin, preparing the synthesis mixture with the required molar ratio of the
initial components, adding silicate to regulate the Si/Al ratio in accordance with X-type zeolites, and
subsequent hydrothermal treatment at 120 °C. X-ray diffraction (XRD) analysis confirmed the successful
transformation of the synthesized mixture into NaX zeolite. Spectroscopic analyses further verified the
formation of the crystalline structure of NaX zeolite synthesized using kaolin as a source of silicon and

aluminum.
Keywords:

kaolin, porous materials, zeolite NaX, spectroscopy, hydrothermal method, crystal

1. Introduction

Zeolites are typically synthesized from kaolin (a source
of Si and Al), mixtures of sodium silicate and aluminate [1],
as well as from natural mineral sources [2]. To activate
kaolin and enhance its reactivity, it is subjected to thermal
treatment in the range of 500-800 °C, leading to the
formation of metakaolin. The resulting amorphous
metakaolin is then treated with alkaline metal hydroxide
solutions of appropriate concentration, usually at
temperatures up to 100 °C. The micropore size of the
synthesized zeolites depends on the composition of the
reaction mixture. When uncalcined kaolin is used in the
synthesis process, it tends to transform into feldspar or
hydrosodalite under the influence of NaOH solution.
Structural variations in synthetic zeolites of types A, P, X,
and Y are primarily determined by their aluminum
(aluminum oxide) content. These differences affect both the
crystalline framework of the zeolite and its selectivity in ion-
exchange processes. Furthermore, higher aluminum and
sodium contents increase the ion-exchange capacity and
dissolution rate of the zeolites.

The synthesis of NaX zeolite from kaolin [3], as well as
compounds that include mixtures of other metal oxides [4-
5], and silicate and aluminate mixtures containing SiO: and
AlOs, is aimed at obtaining these compounds through
synthesis. The synthesis of NaX zeolite from natural kaolin
provides an effective approach to the rational use of natural
resources. The synthesis of NaX zeolite from kaolin refers to
the reaction between minerals and sodium aluminosilicates,
resulting in the formation of Na-X type zeolite. In this
process, natural aluminosilicates from kaolin undergo
chemical changes to yield zeolite with high surface area and
adsorption properties. NaX zeolite, in particular, is used in
various industries for gas and liquid filtration, ion exchange,
and as a catalyst carrier [6].

NaX zeolite has a cubic crystal system, which provides
a structure with a high degree of symmetry and more
complex structural arrangements. The NaX zeolite consists
of the linkage of silicate (SiOs) and aluminate (AlO.)
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tetrahedra, which forms a "3D" network. In NaX zeolite,
sodium (Na*) ions are positioned within the crystal structure,
primarily to balance the charge of the aluminum and silicate
tetrahedra. The Na* ions contribute to the high porosity and
act as carriers, providing NaX zeolite with its high
adsorption and ion-exchange properties [7].1ts chemical
formula is Na2O¢Al.03*nSiO22xH-0, where zeolites with an
(n) value of 2-3 are categorized as zeolite X, while those
with higher (n) values fall under zeolite Y [8-9].

Kaolin, with a Si/Al ratio near 1, is an optimal precursor
for synthesizing low-silicon zeolites. While significant
research has focused on producing zeolite NaA from kaolin
[10-11], investigations into kaolin-derived zeolite NaX
remain highly pertinent. To crystallize zeolite NaX, the Si/Al
ratio in the reaction mixture must exceed 1, typically
achieved by introducing additional silica from external
sources [12-13]. Notably, impurities such as quartz and mica
in kaolin have minimal impact on its transformation into
metakaolin or the subsequent synthesis of zeolite NaX [14].

The synthesis process begins with the purification of
kaolin to remove impurities that could hinder the reaction.
Organic acids have been identified as effective agents for
eliminating iron compounds. Previous studies have also
examined the synthesis of NaX zeolites using kaolin in
fluoride-rich environments [15]. The production of silicon-
based zeolites from kaolin typically involves two main steps:
(1) the thermal activation of kaolin to convert it into
metakaolin  through dehydroxylation, and (2) the
hydrothermal reaction of metakaolin with an alkaline
solution in an aqueous medium. Research has highlighted
the critical role of the metakaolinization temperature in
influencing the yield of NaX zeolite, demonstrating its
significant impact. Moreover, approaches to incorporate
additional SiO2 sources during NaX synthesis have been
investigated [16].

This study explored the potential of using kaolin as an
alternative source of silica and alumina for the hydrothermal
synthesis of zeolite NaX. To achieve the appropriate Si/Al
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ratio required for zeolite NaX crystallization, external
silicate sources were added to the mixture. The synthesized
NaX zeolite was characterized through XRD and FTIR
analyses, with detailed assessments of its crystalline
morphology, framework structure, and pore volume.

2. Materials and methods

In this study, AKF-78 grade Angren kaolin, comprising
31.2% Al:Os, 48.4% SiO2, 1.34% Fe20s, and 1.18% MgO,
served as the aluminosilicate source. Sodium hydroxide
(99% NaOH) and sodium silicate (99% Na2SiOs) were
utilized during the synthesis process. Oxalic acid was
applied for chemical treatment to eliminate Fe?** ions, while
distilled water was used for washing and removing residual
chemicals during purification.

Synthesis of zeolite NaX

The kaolin sample was ground using a specialized mill
to achieve a particle size of 100 nm. The conversion of
kaolin to metakaolin was performedby heating the sample to
650°C. The milled sample was treated with a 0.5 M oxalic
acid (C2H204) solution at 100°C, cooled to room
temperature, and subsequently filtered. The filtered material
was then dried. To prepare a mixture with a molar ratio of
Si/Al =2 and Na/Si=1:1, metakaolin, NaOH, and liquid glass
were taken in appropriate amounts. The resulting mixture
was processed at 100°C with continuous stirring using a
magnetic stirrer. The prepared sample was transferred to an
autoclave and subjected to hydrothermal treatment at 120°C
for 24 hours. The sample is washed with distilled water,
filtered, and dried overnight (Figure 1).

Characterization of synthesized zeolite NaX

The chemical composition of the kaolin used for
synthesis was determined by X-ray fluorescence (XRF). The
obtained NaX zeolite and kaolin crystal phases were
analyzed using X-ray diffraction (XRD) and infrared
spectrometry methods (SHIMADZU XRD-6100 and
ALPHA Il FT-IR).

Mixing at

50°C for 24| B

hours

Hydrothermal
f Method

Metakaolin
NaOH

Nay$i03

Synthesis time NaXzeolite  p&< ‘
48 hours L r

DR

Fig. 1. Method of synthesis of NaX zeolite by
hydrothermal method

The composition of kaolin treated with an organic acid
solution contains SiO2 and Al20s oxides, with small amounts
of metal oxides remaining (Table 1). The low concentrations
of metal oxides in the purified kaolin do not interfere with
the synthesis of NaX zeolite. The chemical composition of

the obtained NaX zeolite mainly consists of silicon and
oxygen, with sodium acting as a stabilizing cation (Figure
2). During the synthesis process, kaolin dissolves in a NaOH
solution and is washed with distilled water in the final stage.
It is then calcined at a temperature of 800 °C.

Table 1

Purified Angren kaolin composition

Material | Al203 | Na20 | SiOz | FesOs | K20 | Other

% 374 | 55 556 | 0.1 02 |13

o A

1.00 2.00 300 400 500 6.00 7.00 8.00 9.00 10.00

Energy (keV)

Fig. 2. Elemental composition of NaX zeolite

In the synthesis of zeolites, the synthesis conditions, the
purity of the reagents, temperature, and the crystallinity of
the obtained product play a crucial role. Crystallization time
is significant in thehydrothermal synthesis method, and it is
necessary to optimize the crystallization time and
temperature duringthe process. The molar ratioof the
synthesis products affects the surface area and structure of
NaX zeolite.

Temperature is a crucial parameter in the nucleation and
crystallization of zeolites synthesized via the hydrothermal
method. In zeolite synthesis, high temperatures increase
thermal energy and reduce crystallization time. Primarily,
zeolite formation occurs more effectively at elevated
temperatures. In this study, the crystallization temperature
for synthesizing NaX zeolite from processed Agren kaolin
was set at 120°C. Several analyses were conducted on the
morphological structure and crystallization of the
synthesized zeolite.

NaX zeolite synthesized from Angren kaolin via the
hydrothermal method, along with Linde NaA zeolite and
kaolin samples, were analyzed using X-ray diffraction
(XRD) with a SHIMADZU XRD-6100 diffractometer. The
XRD data from these samples revealed several distinct
diffraction peaks (Fig. 3).

The crystal structure of NaX zeolite is distinctive, and its
diffraction peaks are clearly visible in the XRD analysis. The
XRD pattern of NaX zeolite exhibits the following
characteristics: NaX zeolite has a Faujasite (X) crystal
structure, which generates distinct diffraction peaks at 6.08°,
9.94°,23.27°,26.61°, and 31.98° in the XRD diagram. These
peaks reflect the crystal structure of the aluminosilicate
network of NaX zeolite. XRD analysis is crucial in
determining the degree of crystallinity of the synthesized
NaX zeolite, as the intensity of the peaks identified in the
diagram indicates the crystallization degree. Higher peaks
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correspond to more crystallized NaX zeolite, while lower
peaks indicate amorphous or semi-crystalline material.
Secondary phases, such as NaY or amorphous silica, may
also emerge during the synthesis process. These phases can
form distinct peaks in the XRD diagram. Such phases
indicate the efficiency of the synthesis process and the
complete utilization of the raw materials. In the XRD
spectrum of the processed kaolin, two low-intensity peaks at
12.05° and 24.74° can be observed. This situation is
explained by the incomplete dissolution of kaolin in the
NaOH solution[19].

1- Linda NaX
2- Synthesized NaX
‘ 3- Kaolin

Intensity

| L oA A

3
A M — MM

0 10 20 30 40
2 theta

Fig. 3. XRD image of kaolin, Linda NaX, synthesized
NaX zeolite crystals

The infrared (IR) transmissivity of kaolin and NaX
zeolite synthesized from silicates was analyzed in the study.
Analyzing the IR absorption and transmissivity of NaX
zeolite helps in understanding its chemical structure, phase
properties, and changes. NaX zeolite, with its crystalline and
amorphous structures, high porosity, and molecular
adsorption characteristics, can be studied using infrared (IR)
spectroscopy. The IR spectrum of NaX zeolite reveals the
structure of the zeolite and the bonding in its composition,
reflecting the connections between silica (SiO2) and
aluminum oxide (Al:Os) units in its crystalline structure
(Figure 4).

In the IR spectrum of kaolin, peaks related to tetrahedral
Si-O and Al-O units were observed at 1108 cm™, and Si-O
bond-related peaks were observed at 1028 cm™. In the IR
spectrum of NaX zeolite, there is no Al-O-H vibration at 914
cm™'. The peak at 756.43 cm™ indicates the symmetric Si-O-
Si vibration. NaX zeolite contains silica (SiOs) tetrahedra,
and the Si-O bonds show strong absorption in the IR
spectrum around 1000-1200 cm™'. The peaks around 400-
600 cm™ originate from the crystalline structure of
aluminum oxide. Anothercharacteristicvibrationwas
detected at 564.56 cm™!, indicating the presence ofsecondary
six-membered rings (D6R), which aretypicalfor the X-type
zeolite structure.

NaX zeolite also contains unbonded hydroxyl (OH)
groups, which exhibit broad absorption peaks around 3600-
3700 cm™. These hydroxyl groups appear after the zeolite
washing or adsorption of water. In the sample, the vibration
at 3452.22 cm™ corresponds to hydroxyl (OH) groups, while
the peak at 1640.55 cm™ indicates the presence of water
molecules. The IR spectrum analysis of NaX zeolite aids in
understanding its structure and chemical properties,

providing valuable information about Si-O and AI-O
bonding as well as OH groups. The zeolite's ion-exchange
properties and its conductivity characteristics during
gas/liquid adsorption processes are also defined by these
interactions.

—— Synthesized NaX
Kaolin

Transmittance %

r T T T T ]
1400 1200 1000 800 600 400

Wavenumber cm -1

Fig. 4. FTIR spectra of synthesized NaX zeolite and
kaolin

These spectroscopic findings confirm that the NaX
zeolite, synthesized using kaolin as a silicon and aluminum
source, successfully formed a crystalline structure.

3. Conclusion

In this study, the potential use of Angren kaolin as a
source of silicon and aluminum oxides for the synthesis of
NaX zeolite was investigated. The synthesis of NaX zeolite
involved the following stages: obtaining metakaolin from
kaolin, preparing the synthesis mixture with the required
molar ratio of the initial components, adding silicate to
regulate the Si/Al ratio in accordance with X-type zeolites,
and subsequent hydrothermal treatment at 120 °C. X-ray
diffraction (XRD) analysis confirmed the successful
transformation of the synthesized mixture into NaX zeolite.
Spectroscopic analyses verified the successful formation of
the crystalline structure of NaX zeolite synthesized using
kaolin as a source of silicon and aluminum.
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Neuropedagogical strategies for teaching foreign languages to preschool
children within the framework of the *'llk gadam" state program and digital
transformation in Uzbekistan

Z. Kurbonova
LJizzakh State Pedagogical University named after Abdulla Qodiriy, Jizzakh, Uzbekistan

Abstract: This research paper provides a comprehensive analysis of the neurophysiological foundations of foreign
language acquisition in the preschool education system. Within the framework of the "Ilk Qadam" state
curriculum, the effectiveness of neuropedagogical approaches is explored, specifically focusing on the
relationship between brain plasticity and cognitive development. The article scientifically substantiates
the role of digital technologies and interactive musical tools in the process of linguistic coding. The
research findings indicate the necessity of implementing an educational model based on multisensory
integration and neurobiological principles to enhance the intellectual potential of preschool children.

Keywords:

neuropedagogics, preschool education, language acquisition, cognitive development, digital integration,
ilk gadam program, sensory integration

1. Introduction

The contemporary educational policy of the Republic of
Uzbekistan particularly the systemic reforms in the
preschool sector serves as a fundamental basis for human
capital development within the framework of the New
Uzbekistan strategy Research conducted at prestigious
institutions such as the Jizzakh State Pedagogical University
named after Abdulla Qodiriy demonstrates that the
intellectual development of preschool children is directly
linked to their cognitive ability to acquire foreign languages
from an early age The "llk Qadam" state curriculum has
created the necessary structural and methodical base to
organize this process systematically providing a unified
approach to early childhood development However to raise
the quality of education to international standards and ensure
global competitiveness it has become a modern requirement
to move away from traditional pedagogical rote learning and
integrate innovative fields such as neuropedagogics which
focuses on the brain-based mechanisms of learning The
relevance of this research lies in its illumination of the
complex links between brain activity and linguistic
acquisition from a neurophysiological  perspective
suggesting that teaching methods must align with the natural
biological rhythms of the developing mind. According to
neuropedagogical theory childhood especially the stage from
three to seven years old is characterized by the rapid
formation of new synaptic connections between brain
neurons which forms the tructural foundation for all future
learning During this critical period brain plasticity reaches
its peak and the young brain receives any external
information particularly linguistic sounds and phonetic
structures with extreme sensitivity and high retention levels
The implementation of digital transformation in the
educational isnstitutions of the Jizzakh region is creating
unprecedented technological opportunities to accelerate
these natural biological processes by providing interactive
and multisensory stimuli The integration of a digital
environment with neuropedagogical principles allows for the
creation of an immersive language learning experience that
mimics the natural acquisition of a mother tongue The goal
of our research is to determine to what extent the

effectiveness of foreign language learning in children can be
increased by harmonizing these neuropedagogical principles
with the digital tools available in modern preschools.
Furthermore the cognitive development of preschool
children is fundamentally dependent on their verbal activity
and the synchronized functioning of both brain hemispheres
which is best stimulated through engaging and non-stressful
educational environments Neuropedagogics emphasizes the
importance of the emotional state in learning suggesting that
the activation of the brain's dopamine system through
gamified digital technologies significantly enhances long-
term memory consolidation In the digital learning space the
strategic distribution of visual and auditory stimuli based on
neurophysiological limits prevents intellectual fatigue and
ensures that linguistic information is processed efficiently
Experiments conducted by researchers at the Jizzakh State
Pedagogical University confirm that the interactive
capabilities of digital platforms act as the most effective
catalyst for stimulating interneuronal connections during
language exercises Consequently this research aims to
establish a new generation of language teaching
methodology that bridges the gap between sophisticated
technology and the natural cognitive potential of the human
brain ensuring a high-quality educational outcome for the
future generation of Uzbekistan.

2. Materials and methods

In the preparation of this scientific work qualitative and
quantitative analysis methods were utilized effectively to
ensure a holistic understanding of the learning processes
within the preschool environment The research process was
meticulously organized at the specialized pedagogical
laboratories of Jizzakh State Pedagogical University named
after Abdulla Qodiriy in close collaboration with local
preschool education organizations across the Jizzakh region
international standard was chosen as the structural basis of
the methodology ensuring the consistency and academic
accuracy of the research while aligning with global scientific
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publication requirements In the initial stage the content and
pedagogical essence of the "llk Qadam" state curriculum
were analyzed in comparison with modern neurolinguistic
research to identify points of convergence between national
standards and brain based learning theories.Subsequently a
structured experimental framework was established where
the educational process was built entirely on the principles
of Brain Based Learning focusing on the neurophysiological
needs of the developing child The children participating in
the study were strategically divided into three main groups
to observe the impact of different pedagogical stimuli In the
first group education was conducted through traditional
textbooks and classical repetition methods serving as the
control group for the study In the second group a specialized
neuropedagogical approach namely sensory integration
methods was applied where physical movement and tactile
experiences were linked to linguistic input In the third and
most innovative group neuropedagogical methods were
harmonized with digital "smart" technologies including
interactive boards and mobile learning applications designed
to stimulate various brain regions simultaneously. During
the comprehensive data collection process children's
phonetic perception vocabulary acquisition and overall
communicative activity were recorded through detailed
observation cards and qualitative assessment tools This
approach allowed for the tracking of subtle shifts in
linguistic behavior that standardized testing might overlook
Furthermore the role of interactive music education took a
special place in the research because musical rhythm acts as
the strongest biological catalyst in stimulating the language
centers of the brain specifically the Broca’s and Wernicke’s
areas The research methodology utilized a sophisticated
psychological-pedagogical ~ monitoring  system  that
prioritizes the child's mental state and natural interests
instead of strict numerical tests or high-pressure assessments
This ensured that the data gathered reflected the children's
true cognitive potential in a stress free and naturalistic
learning environment fostering more accurate results
regarding the synergy between digital tools and
neurophysiological development.

3. Results and discussion

The results of the experimental research conducted
within the specialized pedagogical framework provided
conclusive evidence that neuropedagogical stimuli
accelerate the linguistic acquisition process several times
compared to conventional instruction Especially in the third
group where a strategic combination of digital tools and
neuropedagogical methods was implemented the level of
children's foreign language word retention and conceptual
understanding was significantly higher It was determined
during the neuro-behavioral observations that the
simultaneous presentation of high-quality visual and
auditory signals strengthens the functional cooperation
between the left and right hemispheres of the brain
effectively ensuring the seamless transfer of linguistic
information from short-term sensory input to long-term
cognitive memory storage While clear signs of cognitive
fatigue and diminished engagement appeared much more
quickly in children taught by the traditional rote-learning
method those in the interactive digital environment

demonstrated stable educational motivation and sustained
attention concentration until the very end of the instructional
session. Furthermore the empirical data showed that
teaching foreign languages through digital music and
interactive multisensory games significantly lowers the
affective filter which refers to the psychological barrier of
fear and stress that often inhibits early childhood learning
Children in the experimental groups began to accept
linguistic mistakes naturally without the characteristic fear
of speaking or performing in a new language This
psychological liberation allows the Broca's and Wernicke's
areas the primary linguistic processing centers of the brain
to function freely and without the inhibitory effects of
cortisol-induced stress Especially when examining the local
conditions of the Jizzakh region it was observed that the
phonetic pronunciation and articulatory accuracy of children
in kindergartens equipped with modern digital technologies
were formed much more precisely than those in a traditional
classroom environment The success and scalability of the
"llk Qadam" state program were scientifically proven to be
deeply rooted in such innovative and neurophysiological
approaches which align pedagogical practice with the
natural developmental trajectory of the human brain.

In the discussion part of our research it is worth noting
that teaching foreign languages in the preschool stage is not
merely about the mechanical memorization of vocabulary
but rather represents a fundamental process of shaping the
child's cognitive architecture for lifelong learning Modern
neurophysiological data confirms that the developing brain
codes and stores information effectively only when the input
is both emotionally resonant and logically stimulating for the
child  From this  perspective  the  methodical
recommendations being developed by the scholars and
students of Jizzakh State Pedagogical University serve to
advance a sophisticated "smart" education model that aligns
with global pedagogical trends In the context of rapid digital
transformation the traditional role of the pedagogue must
undergo a significant shift where the teacher is no longer just
a passive information provider but evolves into a neuro-
facilitator who deeply understands and responds to the
specific neurobiological needs and developmental windows
of each child. Moreover during the extensive discussions and
analysis of the experimental data a highly innovative
suggestion was put forward to integrate national cultural
elements as specialized neuropedagogical breaks within the
foreign language curriculum This includes the adaptation of
physical balance elements from the traditional Uzbek art of
"Darbozlik" or the rhythmic structures of our classical music
as kinesthetic and auditory transitions during language
lessons Such an approach harmonizes the child's national
identity with their global linguistic aspirations ensuring that
the acquisition of a new language does not occur in a cultural
vacuum but is supported by the familiar neural pathways of
their own heritage By utilizing these cultural anchors as a
form of sensory "brain break" the teacher can reset the child's
attention span and lower cognitive load while
simultaneously reinforcing the motor and auditory centers of
the brain This synthesis of ancestral wisdom and cutting-
edge neuroscience creates a unique Uzbek model of
neuropedagogics that is both technologically advanced and
culturally grounded providing a sustainable path for the
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intellectual advancement of the younger generation in the
Jizzakh region and beyond.

4. Conclusion

In conclusion, the neuropedagogical foundations of
teaching foreign languages to preschool children represent a
radically new and effective direction for the education
system of Uzbekistan. The conducted analyses have shown
that an educational process organized in harmony with the
child's developing brain yields results higher than expected.
The mutual integration of digital transformation and the "Ilk
Qadam" state program serves to increase not only linguistic
competencies but also the general intellectual potential of
children. These scientific investigations conducted on the
basis of Jizzakh State Pedagogical University will
undoubtedly serve as an important methodical support in
modernizing preschool education. The ultimate goal is to
raise each child as a mature and competitive individual of
the future, taking into account their individual
neurobiological characteristics.
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The role and importance of transport corridors in Uzbekistan

S.K. Setimbetoval®?
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Abstract: This article provides information on the transport corridors that have passed through the territory of
Uzbekistan and are now planned for construction. It studies the strategic importance of international
railway corridors passing through Uzbekistan, in particular, with a focus on the China-Kyrgyzstan-
Uzbekistan (CKU) railway and its associated multimodal transport routes. The study identifies the role
of these corridors in strengthening regional connectivity, reducing transport costs, and strengthening

Uzbekistan's position as a transit hub.
transport corridors, Uzbekistan, international railway corridors, China-Kyrgyzstan-Uzbekistan railway,
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1. Introduction

Globalization has increased the need for efficient
transport systems, in particular, international railway
corridors connecting landlocked regions with global
markets. Uzbekistan, due to its central location in Central
Asia, plays an important role in the development of
transcontinental transport networks.

Transport corridors are complex transport routes
connecting territories, countries or regions, aimed at
efficient freight and passenger transportation, and their role
in the transport sector is very important. Transport corridors
include the following tasks:

= Ensuring the uninterrupted movement of freight
and passengers

= Effective management of transit flows

= Reducing freight transportation time

= Optimizing the flow of wagons and locomotives

= Creating favorable conditions for the formation of
interstate trade routes

= Increasing the volume of exports and imports

= Increasing the transit potential of the state

= Strengthening regional influence

Today, transportation is established through Uzbekistan
through the following international corridors:

Corridor 1 - ports of the Baltic states (in transit through
Kazakhstan and Russia) - in the direction of the ports of
Klaipeda (Lithuania), Riga, Liepaja, Ventspils (Latvia),
Tallinn (Estonia);

Corridor 2 — in the direction of the European Union
countries, through Belarus and Ukraine (in transit through
Kazakhstan and Russia) — the border points of Chop
(Ukraine) and Brest (Belarus);

Corridor 3 — with access to the Black Sea to the
Ukrainian port of llyichevsk (in transit through Kazakhstan
and Russia);

Corridor 4 — with access to the Black Sea (in transit
through Turkmenistan, Kazakhstan and Azerbaijan) in the
direction of the Transcaucasian corridor, known as the
TRACECA corridor;

Corridor 5 — with access to the Persian Gulf to the
Iranian port of Bandar Abbas (in transit through
Turkmenistan);

3 https://orcid.org/0009-0005-3156-2123

Corridor 6 — to the east through the Kazakhstan-China
border crossing (Dostik / Alalshankou) to the eastern ports
of China, as well as to the ports of the Far East such as
Nakhodka, Vladivostok and others;

Corridor 7 —to Chinese ports with access to the Yellow,
East China and South China Seas (in transit through
Kyrgyzstan);

Corridor 8 — through the ports of Bandar Abbas,
Chahbahar (IRI), Gwadar and Karachi (IRP) of Iran and
Pakistan in connection with the solution of the Afghan
problem.

2. Materials and methods

Recent initiatives such as the China-Kyrgyzstan-
Uzbekistan railway have revived the Silk Road concept and
positioned Uzbekistan as a key logistics hub in Eurasia.

This study is based on the following methods:

] qualitative analysis of transport corridor projects

] comparative assessment of regional logistics
systems

] synthesis of academic and policy-based sources

] application of a systematic approach to assessing
the interaction between infrastructure, economics and
geopolitics.

3. Results and discussion

Existing studies emphasize that transport corridors have
a significant impact on economic growth and regional
integration. Transport corridors increase the transit potential
of Uzbekistan.

Our President Sh. Mirziyoyev, at the Shanghai
Cooperation Organization summit in Qingdao in June 2018,
noted that Uzbekistan supports the construction of the
Mazar-i-Sharif-Herat, China-Kyrgyzstan-Uzbekistan
railway lines, as well as the development of the Central Asia-
Persian Gulf, North-South and East-West trans-regional
corridors.
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Fig.1. Transit corridor movements in Uzbekistan from
2023 to 2025

Currently, work has begun on the construction of this
corridor, which is expected to increase trade competitiveness
and stimulate GDP growth through improved logistics
efficiency. Moreover, Uzbekistan's participation in these
corridors will strengthen its role as a regional transport hub
and facilitate integration into global markets.

The China-Kyrgyzstan-Uzbekistan Railway (CKU) is a
transport corridor that has been under construction since
2025, and its length is approximately 532 km. If this corridor
is operational, it is expected to reduce transit time between
China and Europe by 7-10 days.

The Trans-Afghan Corridor will provide access to
seaports through Pakistan, transforming Uzbekistan from a
landlocked country into a landlocked country.

Fig. 2. TRANSAFGAN corrldors

Together, these corridors strengthen Uzbekistan's
integration into global supply chains.

4. Conclusion

Transport corridors passing through Uzbekistan are of
great importance for economic development and regional
integration. The country's transport infrastructure can be
further developed by studying the existing railway corridors
and the newly constructed China-Kyrgyzstan-Uzbekistan
and Trans-Afghan highways. This study will help in making
strategic decisions in the transport sector and will serve to
increase the economic potential of our country. In addition,
it will allow diversifying transit routes, reducing dependence
on a single transport axis, and strengthening regional
cooperation.
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Digital education as a driver for increasing women’s participation in STEM
fields

L. Shukurilloeval®?
1Tashkent State Transport University, Tashkent, Uzbekistan

Abstract: Digital education is emerging as a transformative tool for increasing women’s participation in STEM
(Science, Technology, Engineering, and Mathematics) fields worldwide. Despite recognition of the
critical role of women in driving innovation, they continue to face structural barriers, cultural stereotypes,
and limited access to high-quality training and mentorship opportunities. This paper explores how online
learning platforms, remote training programs, and digital resources can empower women to acquire
technical skills, develop leadership capabilities, and actively contribute to innovation ecosystems.
Drawing on national initiatives in Uzbekistan, as well as global programs such as “Technovation Girls”
and “One Million Programmers,” the study highlights the ways in which flexible and accessible digital
education promotes creativity, critical thinking, and problem-solving abilities among women.
Additionally, the paper examines the socio-psychological and organizational factors that influence
women’s engagement and persistence in STEM careers, including mentorship networks, supportive
policies, and the development of soft skills alongside technical expertise. The findings indicate that
digital education not only increases participation and retention of women in STEM but also enhances
their capacity to lead innovative projects and drive socio-economic development. By addressing gender
disparities through digital learning and inclusive policies, societies can unlock the full potential of women

in science and technology, ensuring sustainable innovation and equitable growth.

Keywords:

digital Education, women in STEM, gender equality, online learning, STEM education

1.

Women’s participation in STEM (Science, Technology,
Engineering, and Mathematics) is essential for advancing
innovation, economic growth, and societal development.
Despite global efforts to promote gender equality, women
still face structural barriers, cultural stereotypes, and limited
access to high-quality education and professional
opportunities in STEM fields. These challenges are
particularly significant in societies where traditional gender
norms influence career choices, often steering women
toward humanities and social sciences rather than technical
disciplines (Smith, 1998).

Digital education has emerged as a transformative tool
to bridge these gaps. Online learning platforms, remote
training programs, and digital mentorship initiatives provide
flexible and accessible pathways for women to acquire
technical skills, develop leadership capabilities, and actively
contribute to scientific and technological innovation.
Programs such as Technovation Girls and One Million
Programmers, as well as national initiatives in Uzbekistan,
demonstrate that targeted digital interventions foster
creativity, critical thinking, and problem-solving abilities
among female learners.

Moreover, integrating digital education with mentorship
networks, skill development strategies, and supportive
policies, including the cultivation of soft skills, enables
women to persist and excel in STEM careers. This paper
examines how digital education drives women’s
participation in STEM, highlights best practices, and
identifies challenges and opportunities for creating inclusive
innovation ecosystems both globally and in Uzbekistan.

Introduction

a

https://orcid.org/0009-0007-2761-7181

Gender disparities in STEM fields remain a global
challenge due to cultural, social, and educational barriers. In
many countries, girls are more likely to pursue humanities
and social sciences rather than science, technology,
engineering, and mathematics (STEM) because of societal
stereotypes regarding gender roles and career suitability.
Digital education provides an opportunity to reduce these
barriers by creating accessible, flexible, and inclusive
learning environments, thereby encouraging more women to
participate in STEM disciplines.

Digital learning platforms, online courses, and e-
mentoring programs allow women to access STEM curricula
remotely, acquire technical and digital skills in a structured
manner, and build networks and mentorship relationships
crucial for career advancement. These mechanisms help to
mitigate gender bias and enhance social capital, enabling
women to thrive in scientific and innovative roles.

Soft skills, including creativity, problem-solving,
collaboration, and critical thinking, are increasingly
important in digitalized and Al-driven workplaces. Women
often demonstrate strong aptitude in these areas, which
enhances their potential in fields such as robotics, green
technology, and environmental engineering. Digital
education supports the development of these competencies
and fosters female leadership in STEM.

In Uzbekistan, significant gender gaps persist in higher
education. According to international reports, 42% of female
graduates work in education, while 45% of male graduates
enter STEM fields. Government initiatives, such as the 2030
Higher Education Development Concept, aim to expand
STEAM education and support women’s participation in
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STEM through scholarships, online courses, and mentoring
programs. These policies align with international efforts to
promote gender parity and inclusion in STEM education.

International programs such as “One Million Coders”
and Technovation Girls provide digital education,
mentorship, and innovation competitions. They focus on
skill development in coding, robotics, and digital
technologies, foster entrepreneurial thinking and problem-
solving, and create networking opportunities that increase
visibility of female STEM role models. Such programs
contribute to retaining women in STEM careers and
expanding professional opportunities globally.

2. Materials and methods

This study employs a mixed-methods approach to
investigate the impact of digital education on women’s
participation in STEM fields. The research focuses on
identifying the key factors that encourage women to enroll
in STEM programs, successfully complete their studies, and
pursue STEM-related careers. A combination of quantitative
and qualitative methods allows for a comprehensive analysis
of both measurable trends and personal experiences,
highlighting the barriers, enablers, and best practices in
digital learning for women in STEM.

The study is guided by the following research questions,
which aim to capture both the individual and systemic
dimensions of women’s participation in STEM: How does
digital education influence women’s motivation to pursue
STEM studies? This question examines how online courses,
e-learning platforms, and virtual workshops affect women’s
interest in STEM subjects, particularly in environments
where traditional classroom access may be limited.

What social, cultural, and institutional factors affect
women’s engagement in STEM fields? This question
explores the influence of societal expectations, gender
stereotypes, family support, mentorship opportunities, and
institutional policies on women’s decision to enter and
remain in STEM programs.

How do mentorship, online courses, and skill-building
programs contribute to the retention of women in STEM
careers? This question focuses on evaluating structured
support mechanisms, such as mentoring initiatives, coding
clubs, and professional development workshops, and how
they help women overcome challenges in STEM education
and employment.

What role do soft skills and creativity play in supporting
women’s success in STEM disciplines? Beyond technical
knowledge, this question investigates how interpersonal
skills, problem-solving abilities, teamwork, and creative
thinking enhance women’s performance and career
advancement in STEM fields.

The main objectives of this research are as follows:

. To analyze the accessibility and effectiveness of
digital education platforms for women in STEM,;

. To identify systemic barriers and gender biases
that limit women’s participation in STEM disciplines;

. To evaluate the impact of mentorship, online
training, and skill-building programs on women’s
confidence, engagement, and persistence in STEM careers;

. To propose practical recommendations for
improving policies and programs aimed at increasing
women’s representation in STEM through digital education.

Digital education has emerged as a critical tool for
enhancing gender equality in STEM by providing flexible,
accessible, and cost-effective learning opportunities. In
many countries, including Uzbekistan, cultural norms and
educational structures have historically limited women’s
participation in STEM. By focusing on digital learning as a
driver of empowerment, this study contributes to both
academic understanding and practical policy development,
offering insights for educators, institutions, and
policymakers.

The present study adopts a descriptive, exploratory, and
mixed-methods  research  design, combining  both
quantitative and qualitative approaches to gain a
comprehensive understanding of factors influencing
women’s participation in STEM fields through digital
education. The mixed-methods approach allows the research
to not only capture broad trends and patterns across a large
population but also explore personal narratives, motivations,
and experiences that quantitative methods alone might
overlook. This approach ensures triangulation of data,
improving the validity and reliability of the research
findings.

The study involves 200 female participants from various
academic and professional backgrounds in Uzbekistan,
selected using stratified purposive sampling to ensure
representation across different age groups, STEM
disciplines, and levels of education and work experience.
The sample consists of:

Undergraduate female students in STEM programs
(40%) — these participants provide insights into early
exposure to STEM subjects, motivations for choosing
STEM, and the role of digital tools in learning.

Graduate female students pursuing advanced STEM
degrees (20%) — these participants offer perspectives on
higher-level STEM engagement, research challenges, and
mentorship experiences.

Professional women currently employed in STEM
industries (25%) — these participants provide real-world
insights into workforce integration, career progression, and
organizational support mechanisms.

Women enrolled in online STEM programs, coding
bootcamps, or other digital courses (15%) — this group
highlights the impact of digital education in bridging gaps in
access, flexibility, and skill development.

To ensure the relevance and reliability of the findings,
participants were selected based on the following criteria:

Inclusion: Women actively enrolled in STEM-related
academic programs, professionals employed in STEM
industries, or participants in online STEM training
programs.

Exclusion: Individuals not currently engaged in STEM
learning or employment, or those unable to provide informed
consent.

Ethical approval was obtained from participating
institutions prior to data collection. Participants were fully
informed about the purpose of the study, its voluntary nature,
and their right to withdraw at any time. Confidentiality and
anonymity were ensured through coded identifiers, and all
personal information was securely stored. The study adheres
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to the principles of respect, beneficence, and justice,
ensuring that participants’ rights and dignity are fully
protected.

The study was conducted in three main phases:

Preparation Phase: Involved designing  survey
instruments, interview protocols, and focus group discussion
guidelines. This phase also included pilot testing the tools
with a small sample of participants (n=15) to ensure clarity
and reliability.

Main Data Collection Phase: Surveys were distributed
online and in-person, interviews were conducted
individually, and focus group discussions were held in
multiple sessions to ensure participant engagement.

Recommendation Development Phase: Data was
analyzed to identify key barriers and opportunities for
women in  STEM, leading to evidence-based
recommendations for educational institutions, policymakers,
and digital education providers.

To obtain a comprehensive and multi-dimensional
understanding of women’s engagement in STEM through
digital education, a triangulated data collection approach
was employed. The study combines surveys, interviews,
focus group discussions, and document analysis.

Surveys were designed to collect quantitative data on
participants’ access to digital learning platforms, frequency
of participation, perceived competency in STEM skills,
confidence levels, and barriers to engagement.

Likert-scale questions (ranging from 1 = strongly
disagree to 5 = strongly agree) were included to measure
self-efficacy, motivation, and attitudes toward STEM
education.

Open-ended questions were also included to allow
participants to elaborate on challenges, inspirations, and
suggestions for improvement.

Conducted with 40 selected participants representing
different academic and professional levels.

Interviews aimed to explore personal experiences,
mentorship encounters, social and cultural influences, and
the role of digital education in developing technical and soft
skills.

Each interview lasted between 30 and 60 minutes, and
audio recordings were transcribed for thematic analysis.

Eight focus group sessions were organized, each with 6—
8 participants.

Discussions encouraged interaction, sharing of common
experiences, and identification of systemic barriers and
facilitators to women’s engagement in STEM.

Topics included gender stereotypes, online learning
experiences, peer support, and digital infrastructure
challenges.

Institutional reports, national statistics on STEM
enrollment, online course analytics, and policy documents
were analyzed.

This secondary data provided context for interpreting
primary findings and helped identify structural and policy-
related factors influencing women’s participation in STEM.

Quantitative Analysis: Survey data was analyzed using
descriptive statistics (mean, median, standard deviation) and
inferential statistics, including correlation and regression
analysis, to examine relationships between digital education
access and participation in STEM.

Qualitative Analysis: Interview and focus group data
were analyzed using thematic analysis, identifying recurring
themes such as mentorship, gender bias, social support, and
flexibility provided by digital platforms.

Integration of Data: Both qualitative and quantitative
findings were integrated to provide a comprehensive
understanding of the challenges and opportunities for
women in STEM, allowing for triangulated evidence-based
recommendations.

The study ensures reliability through pilot testing,
standardized survey instruments, and consistent interview
protocols. Validity is enhanced by triangulation, cross-
verification of data from multiple sources, and peer review
of coding and theme identification.

3. Results and discussion

The analysis of collected data aimed to identify both
quantitative patterns and qualitative insights regarding the
factors that influence women’s participation in STEM fields
through digital education. The integration of both data types
enables a holistic understanding of the complex interplay
between personal, institutional, and societal factors.

Survey responses were analyzed using descriptive
statistics to determine the central tendencies, variability, and
distribution of responses across the sample. Key indicators
analyzed included:

Frequency of digital learning engagement: Measures
how often participants used online courses, coding
platforms, and STEM-related webinars.

Self-reported STEM competency: Assessed
participants’ confidence in mathematics, programming,
engineering, and science-related problem-solving.

Perceived barriers: Identified obstacles such as lack of
mentorship, gender bias, time constraints, or limited access
to technology.

In addition, inferential statistical methods were
employed to explore relationships between variables:

Correlation analysis assessed the strength and direction
of associations between digital education engagement and
self-perceived STEM competence.

Regression analysis determined the predictive power of
factors such as access to digital resources, mentorship
programs, and social support on participants’ likelihood to
persist in STEM fields.

ANOVA (Analysis of Variance) tests examined
differences in digital education outcomes across age groups,
academic levels, and work experience categories.

The quantitative findings highlighted that consistent
engagement with digital education platforms positively
correlated with enhanced STEM competencies and higher
motivation to pursue STEM careers. Moreover, access to
structured online mentorship significantly reduced perceived
barriers and increased confidence.

Qualitative data from semi-structured interviews and
focus group discussions were analyzed using thematic
coding, following Braun and Clarke’s six-phase framework
(Braun & Clarke, 2006):

Familiarization with data — All transcripts were read
multiple times to understand the context and nuances.
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Initial coding — Key concepts were identified, including
mentorship, gender stereotypes, institutional support, work-
life balance, and digital learning flexibility.

Searching for themes — Codes were grouped into broader
themes representing recurring patterns across participants’
experiences.

Reviewing themes — Themes were cross-verified with
multiple coders to ensure consistency and reliability.

Defining and naming themes — Each theme was clearly
defined and linked to research objectives.

Reporting — Themes were illustrated with direct
quotations from participants to enrich the narrative.

Major qualitative themes identified included:

Mentorship and role models: Participants emphasized
that visibility of female mentors in STEM fields significantly
boosts motivation and career aspirations.

Digital learning flexibility: Online platforms allow
women to balance STEM education with personal and
professional responsibilities, particularly for those with
family commitments.

Societal and cultural stereotypes: Persistent gender
norms influence participants’ self-perception and may deter
some women from pursuing STEM pathways.

Skill development and creativity: Women reported that
digital tools enhance both technical skills and creativity,
fostering problem-solving and innovation in STEM projects.

By integrating both quantitative and qualitative insights,
the study identifies key enablers and barriers for women in
STEM:

Enablers: Access to online courses, supportive mentors,
interactive digital tools, flexible learning schedules, and peer
networks.

Barriers: Gender biases, insufficient institutional
support, societal expectations, and limited exposure to high-
quality digital STEM resources.

The triangulation of data ensures that recommendations
are evidence-based and address both measurable trends and
lived experiences. For instance, statistical findings on
improved competency through digital courses are reinforced
by participants’ narratives emphasizing increased
confidence and creativity.

The analysis suggests that digital education acts as a
critical driver for increasing women’s participation in STEM
by offering flexible, accessible, and engaging learning
opportunities. However, the full potential of digital tools can
only be realized if structural challenges and societal
stereotypes are simultaneously addressed.

Educational institutions can enhance women’s STEM
participation by integrating online mentorship programs,
providing tailored digital resources, and promoting
collaborative learning environments.

Policymakers can design initiatives to ensure equal
access to digital education and support female students and
professionals in overcoming systemic barriers.

Industry stakeholders can leverage these insights to
create inclusive digital training programs and professional
development pathways for women in STEM careers.

In conclusion, the findings demonstrate that a strategic
combination of digital education, mentorship, and
supportive policies is essential to empower women in
STEM, reduce gender gaps, and foster innovation and
creativity in scientific and technological fields.

The discussion section synthesizes the key findings from
both quantitative and qualitative analyses, providing a
comprehensive understanding of the role of digital education
in enhancing women’s participation in STEM fields. The
findings indicate that digital platforms not only improve
technical competencies but also empower women
psychologically, socially, and professionally. The results
highlight several important implications for STEM
education. Digital learning platforms reduce geographic and
institutional barriers, allowing women from diverse
backgrounds to access high-quality STEM resources. This is
particularly critical in countries where cultural norms or
family responsibilities may limit traditional classroom
participation.

Online courses, webinars, and virtual labs provide
flexible learning schedules that accommodate personal and
professional commitments. Flexibility enables women to
pursue STEM education without compromising family or
work responsibilities, which is a crucial factor in sustaining
engagement.

Digital platforms often incorporate mentorship
programs, discussion forums, and collaborative projects,
which foster social capital and professional networks. These
networks provide women with role models, guidance, and
opportunities for career development.

Beyond technical knowledge, digital education
encourages the development of critical soft skills such as
problem-solving,  creativity, = communication,  and
collaboration. As participants reported, these skills are
increasingly valued in STEM careers, particularly in
innovative and interdisciplinary projects.

The study underscores the persistent gender-specific
challenges in STEM:

Stereotypes and societal expectations: Many participants
highlighted that cultural norms and traditional expectations
influence career choices, often steering women toward
humanities or education sectors rather than STEM.

Confidence gaps: Even with access to digital resources,
some women reported hesitancy in pursuing STEM-related
careers due to self-perceived skill gaps or societal
discouragement.

Institutional barriers: Limited institutional support, lack
of targeted mentorship, and insufficient recognition of
women’s achievements in STEM remain barriers that need
systemic solutions.

The findings suggest several actionable opportunities:

Institutional ~strategies:  Universities and training
providers should design digital curricula tailored to women’s
needs, integrating mentorship, career guidance, and
interactive learning experiences.

Government initiatives: Policies promoting equal access
to technology, scholarships for women in STEM, and
campaigns challenging gender stereotypes are essential for
long-term  systemic change. Industry collaboration:
Partnerships between educational institutions and industries
can provide hands-on experience, internships, and practical
projects for women in STEM, ensuring the applicability of
digital skills in real-world contexts.

Globally, there is an increasing emphasis on women in
STEM, with international organizations such as UNESCO,
the International Labour Organization (ILO), and
Technovation advocating for inclusive digital learning
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strategies. This study aligns with these global initiatives by
demonstrating that digital education can serve as a catalyst
for addressing gender disparities in STEM participation.

Moreover, the study’s findings emphasize that digital
education alone is not sufficient; it must be complemented
by mentorship, supportive policies, and societal change.
Combining these strategies can lead to sustainable increases
in women’s representation and leadership in STEM,
ultimately fostering innovation, creativity, and economic
growth.

While the study provides significant insights, several
limitations should be noted:

The study primarily relies on self-reported data, which
may introduce bias.

Access to digital resources varied among participants,
which may affect the generalizability of findings.

Cultural factors specific to Uzbekistan may influence
results and may not fully represent experiences in other
contexts.

Future research could focus on longitudinal studies to
assess the long-term impact of digital education on women’s
STEM careers, as well as comparative studies across
different countries to identify universal and context-specific
strategies for increasing women’s participation in STEM.

Increasing women’s participation in STEM fields
requires a comprehensive approach that combines digital
education, mentorship, policy support, and societal change.
Educational institutions play a crucial role by developing
gender-inclusive digital curricula that incorporate both
technical and soft skills. Providing mentorship programs and
connecting female students with successful role models can
boost confidence and motivation, encouraging long-term
engagement in STEM careers. Flexible learning options,
such as asynchronous online courses, virtual laboratories,
and recorded lectures, allow women to balance education
with work and family responsibilities. Collaborative
projects, hackathons, and problem-solving challenges
further enhance practical skills and foster professional
networks.

Policymakers also have a critical responsibility in
promoting gender equality in STEM. Financial support
through scholarships, grants, and stipends targeted at women
can increase access to education and reduce dropout rates.
Legal frameworks and policies that reduce gender bias
ensure equal opportunities in educational and professional
settings. Additionally, national campaigns and awareness
initiatives can challenge societal stereotypes that discourage
women from pursuing STEM, helping to create an
environment that values their contributions.

Industry partners can complement these efforts by
collaborating with educational institutions to provide
internships,  practical  training, and project-based
experiences. Workplace flexibility, such as remote work
options and adjustable schedules, makes STEM careers more
accessible to women with diverse responsibilities.
Establishing inclusive workplace cultures that recognize and
reward women’s achievements further supports retention
and advancement in STEM careers.

International organizations also have a vital role in
accelerating women’s participation in STEM globally. By
supporting  digital education programs, facilitating
knowledge sharing, and establishing benchmarks for

tracking participation, organizations such as UNESCO, ILO,
and Technovation can help create effective and culturally
adapted strategies. Continuous monitoring and evaluation
ensure that progress is measured and policies are adjusted to
maximize impact.

In conclusion, increasing women’s representation in
STEM fields is a multifaceted challenge that requires the
combined efforts of educational institutions, policymakers,
industry, and international organizations. Digital education
serves as a powerful tool to empower women, while
mentorship, flexible learning, policy support, and cultural
change provide the foundation for sustained engagement and
leadership in science, technology, engineering, and
mathematics. Implementing these recommendations will
contribute to a more inclusive, innovative, and equitable
STEM ecosystem worldwide.

4. Conclusion

This study highlights the critical role of digital education
in promoting women’s participation in STEM fields.
Evidence from global and national contexts demonstrates
that targeted interventions, including flexible learning
options, mentorship programs, and digital skill development,
can effectively reduce barriers and enhance women’s
engagement in science, technology, engineering, and
mathematics. Addressing gender disparities in STEM
requires a holistic approach that integrates educational
strategies, policy frameworks, industry collaboration, and
societal awareness.

By implementing gender-inclusive curricula, providing
professional development opportunities, and fostering
supportive networks, educational institutions can empower
women to pursue and sustain STEM careers. Policymakers
must create enabling legal and financial environments, while
industries should ensure equitable work practices and
recognize ~women’s  contributions to  innovation.
International organizations can amplify these efforts by
facilitating knowledge exchange, monitoring participation
trends, and providing guidance on best practices.

In conclusion, increasing women’s representation in
STEM is not only a matter of equity but also a driver of
innovation, economic growth, and societal progress. A
collaborative, multilevel strategy that combines digital
education, mentorship, flexible learning, and supportive
policies is essential to ensure that women can fully realize
their potential in STEM disciplines. Implementing these
strategies will contribute to building a more inclusive,
diverse, and resilient STEM ecosystem worldwide.
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The effect of dispersed silica gel on the physical and mechanical properties of
cement binder for non-autoclaved foam concrete

V. Soy®?, G. Nuriddinoval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The effect of ground silica gel on hydration processes, phase composition, and the properties of cement
stone as a matrix for non-autoclaved foam concrete was studied. It was established that modification of
the binder at a reduced water-cement ratio increases strength by up to 25-30% and improves the structural
uniformity of the material. According to the results of X-ray phase analysis (XRD), a decrease in the
content of portlandite Ca(OH)2 and an increase in the proportion of the amorphous C—-S-H phase were
identified, indicating the development of pozzolanic reactions. The obtained data confirm the
effectiveness of using ground silica gel for the targeted regulation of the structure and properties of
cement stone.

ground silica gel, cement stone, cement hydration, X-ray phase analysis, C-S—H phase, water-cement
ratio, non-autoclaved foam concrete
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Biansinue 1ucnepcHoOro cuiiukare s Ha pU3NKo-MexaHM4YecKue CBOMCTBa
LEMEHTHOI'0 BS’KYLIEro IS HeAaBTOKJIABHOI0 NIeHO0eTOHA

Ioii B.192 Hypuaauuosa I'. 25°
TamkenTckuit rocyIapCTBEHHBINM TPAHCIIOPTHBIH YHUBEpCUTET, TalkeHT, Y36eKucTan

AnnoTanys: VccrenoBaHO BIHMSHHE W3MENBUEHHOTO CHJIMKAress Ha MPOIECChl THIpaTaluy, (a3oBbIil COCTaB U
CBOMCTBA IIEMCHTHOrO KaMHS KaK MaTpHIBl HEABTOKJIABHOTO MEHOOETOHA. YCTAHOBJICHO, YTO
MOAN(UKALHS BXKYLIETO NMPH MOHWKCHHOM BOJOIIEMEHTHOM OTHOIICHHH OOECIIEUMBACT MOBBIIICHIE
npoyHoctd 10 25-30 % ¥ ynaydlleHHe CTPYKTYpHOW OIZHOPOJHOCTH MaTepuaja. IO pe3yjibraTaM
penrreHodazoBoro aHanusa (pda) BBIIBICHO CHIDKCHHE COJCpXKaHWs mopriaHmura ca(oh): u
yBenuueHue 10au amopdHoil c—S—h-asel, uro ykaspiBaeT Ha pa3BUTHE MYIIOJAHOBBIX PEAKIIHA.
MOJTyYeHHBIC JaHHbBIE TMONTBEPXKIAI0T 3()(PEKTUBHOCTh TPUMEHEHUSI H3MEbUEHHOTO CHIIMKAress Jis
HAIpPaBJICHHOTO PEryJIMPOBAHUS CTPYKTYPBI U CBOMCTB IIEMEHTHOIO KaMHS .

U3MEJIbYEHHBIH CHIIMKArelib, IEMEHTHBIH KaMEeHb, THIpATalWs IEMEHTa, peHTreHo(a3oBbli ananu3, C—
S—H-da3za, Boio1IeMEHTHOE OTHOIIICHHE, HEABTOKIABHBIN MIEHOOETOH

Knrouessie cioBa:

1. BBeaenue

HeaBroknaBHbIii ~ MEeHOOETOH  OrpaHHYEH  HU3KOU JlononHuTenbHbIN addexr JOCTUTaeTCst pu
MPOYHOCTHIO npu TIOHIKEHHOM IJIOTHOCTH u HCIIOJIB30BAHUN TOJIUKAPOOKCHIIATHBIX
HEeCTaOMJIbHOCTBIO TOPHUCTOM CTPYKTYpBI, YTO CBSI3aHO C CYIepIUIACTH(HKATOPOB, TIO3BOJIAIOLINX CHHKaTh

BOJIOLIEMEHTHOE OTHOLICHUE M 00ecne4ynBaTh paBHOMEPHOE
pacnpeznesiieHHe  JUICHEPCHBIX —4acTull. B pesyinbrare
¢dopmupyercst Oonee IUIOTHAs W OJHOPOJHAS LEMEHTHas
MaTpHl@, 4YTO OCOOCHHO BAXKHO JUISI STYCUCTHIX OCTOHOB,
BKJIIOYasi IeHOOeToH [4,5].

B paborax, mocBsIIEHHBIX MOAU(PHKAIMK NEHOOETOHa,
[I0Ka3aHO, YTO NPMMEHEHHE MUKPOKPEMHE3EMa CIIOCOOCTBYET
MOBBIIICHUIO MPOYHOCTH M CTAOWJIBHOCTH CTPYKTYPbI IPH
COXPaHEHWH HU3KOW IJIOTHOCTH Matepuaina [6,7]. OmHako
OOJIBLIMHCTBO MCCJIEAOBAHUK OTPAaHUYEHO TPaJULMOHHBIMU

O0COOCHHOCTSIMM IIEMEHTHOM MaTpuubl. B cBsi3u ¢ 3THM
aKkTyalbHOW 3ajaueidl sBisercs e wmonmudukanus 0e3
YBEJIMYEHHS IUIOTHOCTH MaTepuaia. OqHuM U3 3 PeKTUBHBIX
pelIeHnil  sBIAeTCS  NPUMEHEHHE  BBICOKOIMCIICPCHBIX
KpeMHe3EMcoiepiKalX  100aBOK, CIHOCOOHBIX H3MEHSThH
[POLIECCHI THAPATALMHU U CTPYKTYPY LIEMEHTHOTO KaMH.
Oco0bl1il HHTEpeC MPEACTABIAIOT KPEMHE3EMCOIEpKALIIHE
MaTepuanbl aMOpQHOW CTPYKTYpbI, 00JNaJarore BHICOKOM
PEeaKLHOHHON CIIOCOOHOCTBIO B IIETIOYHOM Cpe/ie IEMEHTHOrO

tecta. I[lo maHHBIM psijga uccinenoBaHMM, Takue NOOABKH
Y4YacTBYIOT B IyLIOJAHOBBIX PEAKIMAX C THAPOKCHIOM
KalblUs, 4YTO IPUBOJUT K CHIJKEHHIO COACP)KaHUs
MOPTJIAH/INTA U YBETMYEHHIO JIOJTH THIPOCHIINKATOB KaIbLHs
(C-S—-H). Dro compoBoXIaeTcs YIUIOTHEHHEM CTPYKTYPBI
LIEMEHTHOr0 KaMHS W TMOBBIIICHHEM €ro IPOYHOCTHBIX
xapakrepucTuk [ 1-3,8].

https://orcid.org/0009-0009-7560-2691
be https://orcid.org/0009-0005-4832-4623

KpeMHE3EMCOIEpKaAIllIMU  T0OaBKaMHU, TOTJa KakK BIIMSHHUE
U3MENBUEHHOTO TEXHHYECKOrO CIJIMKAarelsi Ha IIPOLECCH
THApATallMd IIEMEHTHOrO KaMHS M CBOMCTBa IEHOOETOHA
U3y9IEeHO HEJOCTATOUHO.

B cBs13u ¢ 3TUM IieNbI0 HAacTOsIEH pabOTHI SABISETCS
UCCIEJIOBAaHUE BIMAHHA HW3MENBUEHHOTO CHJIMKaresns Ha
rugparaiyio,  (asoBblii  cOCTaB M HPOYHOCTHBIC
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XapakKTECPUCTUKHN HEMECHTHOT'O
HEaBTOKJIaBHOTO TMEHOOETOHA.

KaMHs Kak MaTpuUllbl

2. MeTono/10rusi HccjaeI0BaHu A

B KadecTBE OCHOBHOTO BSDKYIIErO HCIOJB30BalN
mopmianmiemMent kimacca I[EM II/A-K  (3-U) 42,5H
npon3BoicTBa AO «AXaHrapaHIEMEHT».

B pomm wmwuHepanbHON Momuduimpyromei 1006aBKH
NMPUMEHSUT  TeXHWYECKWH  CWIIMKareidb  KUTalCKoro
MIPOM3BOJICTBA, MOCTABIIIEMBIIl Ha TeppHUTOpHUI0 PecryOmiku
V36ekucran komnanueit Silsorbent Solutions (V36ekucran).
[lepen BBemeHMEM B COCTaB CHJIMKAreidb IOJBEPrajH
MEXaHWYECKOM aKTHBalMKM MyTEM IIOMONA B Ja0OpaTOpPHOH
[IapOBOI MENBHHUIIE IO PA3INYHON CTETIeHN IWCIIEPCHOCTH.
Ha ocHoBanmm cepun TNpeaBapHUTEIBHBIX AKCIEPHMEHTOB
ObLTM YCTaHOBJICHBI OITHMAJbHBIE 3HAYEHHS YJEeTBHOH
TIOBEPXHOCTH U COJIEP)KaHMS TOOABKHL.

OntumanbHas JO3MPOBKA W3MENBYEHHOTO CHIIMKArells
cocTaBmiia 5 % OT Macchl IIEMEHTA, YTO 00ECTIeunIIo Hanboee
OnaronpusTHOE (OPMHUPOBAHUE CTPYKTYPHI M TIOBBILICHHE
MIPOYHOCTHBIX ~ XapaKTepHCTHK  IIEMEHTHOTO  KaMHS.
VY ienpHyI0 MOBEPXHOCTB TOPOIIKA ONpenelsiii Ha mpubope
[ICX-11A w™erogoM BO3AyIIHOW MPOHHIIAEMOCTH (IO
Breiiny); e 3mauenme cocraBwio 7940 cm¥T, uTO
CBUJICTENILCTBYET O BBICOKOH CTENEHN MAUCIIEPCHOCTH U
MOTEHIAIFHOM MyIIOTaHOBOH aKTHBHOCTH MaTepHuaa.

B kadectBe Xxmmudeckod MoaupuIMpyromen I100aBKH
HCTIONB30BAM MONTUKApOOKCHIIATHEIN CyNepInIacTuQHUKATOp
Ha ocHoBe 3(upoB monukapbokcunaros Master Glenium
(Fepmanms). OnrumaiibHOe coJiepKaHue J00aBKH,
cocraBuBiee 1 % oT Macchl IEMEHTa, ObUIO YCTAHOBJICHO T10
pe3yiabrataM  NpPEABAPUTENBHBIX  OKCHEPUMEHTAIBHBIX
HCCIIEJOBAHUM.

Jns  mpoBeNeHHS CPABHUTENBHOrO aHAIW3a  ObLIM
c(hOpMHUPOBAHBI CJICIYIOIINE COCTABbI:

. R (koHTpONBHBII cOocTaB) — IIEMEHTHOE TECTO 0e3
n00aBOK (IIEMEHT + BOJIA);

. SG5C — nemeHTHast KOMIO3UIIKS C T00ABICHHEM 5
% M3MeNbYEHHOT O CHIIMKaress 1 1 % cynepruiacTuduxaropa.

OO0pa3upl  GopmMoBad B MeTaUIMYECKHE  (POpPMBI
KyOuueckoit Qopmbl  pazmepom 20%20x20 mm. Ilocne
pacnanyOKu MX BBLICP)KMBAJIM B YCIOBHSX HOPMAJILHOTO

TBepaeHus npu Temneparype (20 + 2) °C 1 OTHOCHTENBHOM
BIQXXHOCTH BO3IyXxa He MeHee 95 % B COOTBETCTBHU C
tpedosanmsimu 'OCT 310.4-81 u 'OCT 10180-2012.

VcribiTaHust Ha CKaTve MPOBOJMIM HA THAPABIHYCCKOM
npecce B Bo3pacte 3, 7 u 28 cyrok corimacao I'OCT 10180—
2012 ¢ perucTpanmeii MaKCHUMAalbHOW pa3pyllaromeit
Harpy3KH.

@Da30BbIl COCTaB ILIEMEHTHOIO KaMHSA HCCIEIOBaIU
METOJIOM PEHTTeHO(]A30BOr0 aHAIN3a C HCIIOIb30BAHHEM
mnygyerns CuKo B jgmamasoHe yrmoB 20 = 5-75°
Tomy4uennsle audpaxkTorpaMMbl OABEPTaIN Ka4eCTBEHHOH 1
MOJTYKOJINYECTBEHHOH MHTEPIPETALUHL.

3. Pe3yabTarsl ucciie10BaHUS

Pe3ynbrarel HCHBITAHWA TNPOYHOCTH TPH  CHKATHH
LIEMEHTHOTO KaMHsl B 3aBUCHMOCTH OT COCTaBa M BO3pacTa
TBEPJCHHS MPEJICTaBICHBI B TaOnuie 1. AHAIHN3 TTOTyYEeHHBIX
JNAHHBIX  IOKAa3bIBae€T, 4YTO BBEJCHHE H3MEIBbUYEHHOTO
CHJIMKareNsl OKas3blBaeT CyIlecTBeHHoe BimsiHWe Ha B/I] n
(hopMHpOBaHHE TPOYHOCTHBIX XapaKTEPHUCTHK MaTepHaa.

CTaTHCTHYECKHI aHAN3 MPOYHOCTHBIX XaPaKTEPHCTHK
BBISIBISICT Pa3jinuusl B PACMPEACICHHN 3HAYCHHUI U CTENCHH
UX BapHaOENbHOCTH B 3aBHCHMOCTH OT COCTaBa M BO3pacTa
TBEPACHYS, YTO OOYCIOBIEHO H3MEHEHHEM BOOLIEMEHTHOIO
OTHOIIICHUSI U BBEJICHUEM XHMHYECKOW 100aBku. CHUKCHHUE
B/l ¢ 0,30 mo 0,21 mocruraercss 3a CYET NpPUMEHEHHS
HOJINKapOOKCHIATHOTO cynepruiacTuhHKaTopa,
o0ecreunBaroLIero s dexTrBHOE JMCTIEprUpOBaHUE
[EMEHTHBIX YaCTHI[ U CHIDKEHHE BOAOMIOTPEOHOCTH CHCTEMBI.
Ha 3 cyTku 3HaueHHs MPOYHOCTH COMOCTABHUMBI, OJIHAKO
BapUMAaTUBHOCTh  MOKa3aTened st cocraBa  SG5C
YMEHBILIAETCsl HPUMEPHO B 2 pasa.

K 28 cyrkam BnusHue monmwkenHoro B/I] mposiisercs
Gosnee OTUETIIMBO: MPOYHOCTH MOJU(PHUIIMPOBAHHOTO COCTaBa
NpeBBIIIAET 3TalloH NpuMepHo Ha 25-30 %, mpu 3ToM
K03 GHULUEHT Bapualuy CHIKaeTcsi 6oiee 4eM B 5 pas. It1o
OTp@XaeT  CHWKCHHE  MOPHCTOCTM ¥ IIOBBIIICHHE
OJJHOPOJHOCTU LIEMEHTHOI'O KaMHSI.

Jnst stanoHHOro cocraBa R XapakTepHO yBelnMYeHHe
pa3bpoca IPOYHOCTHBIX MOKaszaTelied C  BO3PACTOM:
K03 GHULUEHT BapHalMU Bo3pacTaeT Oosiee 4eM B 2 pasa k 28
CYTKaM, YTO CBUJIETEIBCTBYET O HEOJHOPOJHOCTH.

Ta6auna 1

HpO‘lHOCTb HEMEHTHOI0 KaMHSl KOHTPOJIbHOI'O U MO,ZII/I(DI/II[I/IPOBaHHOFO COCTaBOB B 3AaBUCMMOCTH OT BO3PacTa TBEPACHUSA

Bospacr, TIpounocts npu cxatuu, MIla Cpennee, Menuana, SD, Cv,

Cocras | WIC CST i (miﬁ—max) I;\ma MITa MITa %
R- 3 452 -71,8 63,4 66,7 10,3 | 16,3
S 0,30 7 52,1-100,8 74,3 73,0 196 | 264
28 43,0-118,5 74,3 73,2 26,7 | 35,9

3 51,1-63,7 59,5 61,0 4,9 8,3

SG5C 0,21 7 51,4 - 65,8 59,6 57,7 5,8 9,7
28 87,2-101,0 95,4 99,3 6,5 6,8

B ornmuume ot 3roro, cocraB SG5C nemoHcTpupyer
yCTOIYMBBIC CTaTUCTHYECKUE XapaKTePUCTUKH:
koo duuument Bapuanuu He npesbimaer 10 % Ha Bcex
CTagusX  TBEPACHMS, a CHIDKEHHE  CTaHIapTHOrO
OTKJIOHEHUS YKa3bIBaeT Ha BBICOKYIO BOCIPOM3BOAUMOCTH
pE3yJIbTaToB.

C TOUKH 3peHHs IPOYHOCTH, Ha paHHEM dTarie (3 CyTOK)
MOAU(HUINPOBAHHBIN cocTaB JIEMOHCTPUPYET
CONOCTaBUMBIE T HECKOJIBKO O0Jiee HU3KHME 3HaUeHHs (Ha
5-7 %) no cpaBHeHHUIO ¢ 3TamoHOM. OfHAKO K 28 cyTkam

(dopMmupyercst  BBIPAXEHHOE IPEHMYILECTBO:  CPEIHSA
npo4YHOCTH coctaBa SG5C mpeBbIIIaeT ITANOH MPUMEPHO Ha
25-30 %.

JluHamMuka W3MEHEHHs TpoyHOCTH (pucyHOK 1)
HOATBEPKAACT DasIM4us B XapaKTepe TBEPACHHS: VLI
cocraBa SG5C mpupoct mpouHoctd oT 3 g0 28 cyTok
npesblmaer 60 %, Torjna Kak Iy 3TalOHHOTO COCTaBa OH
cocrasisiet nopsizika 15-20 %.

ENGINEER



MpoyHocTs Ha cxaTtue, MMa
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Puc. 1. /lunaMuka NpOYHOCTH LHEMEHTHOI0 KAMHSA [JIs
sraionnoro (R) u wmoauduuupoBanunoro (SG5C)
COCTABOB

D10 yKkaseiBaeT Ha Oojee WHTCHCHBHOE Da3BHUTHE
MPOYHOCTH MOAM(MUIUPOBAHHOIO COCTaBa Ha MO3IHHUX
CTaIVsIX TBEPACHMSI.

BrisiBIIeHHBIE pa3ndys B TUHAMHKE HA0Opa MPOYHOCTH
HAaXoIIT OTpaXXeHHE B M3MEHEeHMH (Da30BOro cocrasa
LIEMEHTHOTO KaMHs, YTO MOJTBEpIKIAeTcs pe3yJbTaTaMu
PeHTreHo(]a30BOro aHajIn3a.

Ha mudpakrorpammax 3-cyToUHBIX 00pasioB (PUCYHOK
2) mis 000MX COCTaBOB HACHTU(DHIMPYIOTCS OCHOBHBIE
MPOAYKTH Tuipartaimu nemeHrta: noprianmur Ca(OH),
OCTaTOYHBIE KIMHKEpHbIE MUHEpanbl U amopduas C-S—H-
¢daza. JlomonHUTENBHO B HHU3KOYIJIOBOH  oOmactu
(bUKCHPYIOTCS OTPAXKEHUS CYJb(OATIOMUHATHBIX THIPATOB
(AFt), xapakTepHsle [Ulsl paHHEH CTaIuy TBEpACHNS.
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Puc. 2. PentrenogazoBbie 1uppaKkTorpaMmsl
nemMeHTHOro kamus coctaBoB R u SG5C B Bo3pacre 3
CYTOK TBepJAeHHsI

Ipu stom mis cocraBa SG5C Habmromaercss MeHee
BBIDQ)KCHHAs! HMHTCHCHBHOCTh IHMKOB IOPTJIAHIUTA IO
CPaBHEHHMIO C OSTAJOHHBIM COCTAaBOM, a Takxke Ooiee
3aMeTHOe amop¢Hoe noxHsTHe B 06aactu 20 ~ 20-35°, uto
yKa3bIBaeT Ha Oonee nHTeHCUBHOE (popmupoBanue C—-S—H-
res.

Ha craguu 7 cyrok (pucyHnok 3) st 000HX COCTaBOB
(dopmupyercsi Gosiee BhIpaXKEHHBIH KPUCTAILTO-aMOP(HBII
(ha3oBbIil  cocTaB, OTpPaKAMIIUA pa3BUTHE MPOIECCOB
rugparaimd.  Ha  audpakrtorpaMmax — GUKCHPYIOTCS
uHTeHCHBHBIE pediekcsl nopraanaura Ca(OH). (20 =~ 18°
1 34°), 4To yKa3plBaeT HA €r0 HAKOIUICHHWE B pe3yibTaTe
THApATalKK anuToBOM (a3pl. OZHOBPEMEHHO COXPAHSIOTCS
mu(paKIOHHbIE MaKCHMyMbl B obmactu 20 = 32-33°,
OTHOCHMBIE K OCTaTOYHBIM KJIMHKEPHBIM MUHEpajiaM, 4To

CBUACTCIILCTBYECT o IPOJAOJIKAKOIIEMC MMPOTCKaHUN
TUApaTalluOHHLIX IPOLECCOB.
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Puc. 3. PenrrenogaszoBbie 1upakrorpaMmmMbl
IeMEHTHOro KamMHsl coctaBoB R u SG5C B Bo3pacte 7
CYTOK TBepAeHHUS

B wunrepBane 20 =~ 20-35° ormewaercsi ycuileHHe
aMOp(hHOH COCTaBISIONIEH, CBSI3aHHOM C YBEIHYEHHEM
cojepxaHus ruapocunukaroB  kameuust C-S-H, 4ro
OTpaXKaeT pPa3BUTHE CTPYKTYPbI HIEMEHTHOTO KaMHsI.

B ornmmune or sramonHoro cocraBa, it SG5C
XapaKTepHa MCHbIIAs HHTEHCHBHOCTH MOPTJIAHANTOBBIX
peduiekcoB  mpu  Oosee  BBIpaXGHHOH  amop(HOH
COCTaBIIIOIIEH, YTO CBUJETENLCTBYET 00 W3MEHEHNH
COOTHOIICHU KpPHUCTAUIMYECKOH U amopdHOi a3 B
CHCTEME.

CorocTaBieHre peHTreHO(a30BbIX JaHHBIX B BO3pAcTe
28 cyTok (pHCYHOK 4) BBISABISCT pasiuyMsi B XapakTepe
(opMHPOBaHUS TPOAYKTOB TI'MAPATALMU B 3TAJOHHOM M
MoaudUIMpOBaHHOM  cocTaBax.  Jlud  3TaloOHHOrO
LIEMEHTHOTO KaMHs COXpaHSETCs BbICOKas MHTEHCUBHOCTh
orpaxkeHuii moptinanaura Ca(OH)., uto ykassiBaeT Ha ero
HAKOIUICHHUE KaK MPOJYKTa THApaTalliy aluTOBOH (a3bl.
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Intensity

ll( ) 2‘() 3‘[) -l'() 5‘( ) 60
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Puc. 4. Pentrenoga3zoBplie 1u¢pakrorpaMmsl
LleMEeHTHOro kamHs coctaBoB R u SG5C B Bo3pacre 28
CYTOK TBepACHUs
B momuduuuposannom cocraBe SG5C nabmomaercs
YMEHBILICHHE MHTEHCUBHOCTH MOPTIAHIUTOBBIX peIeKcoB
Ha (oHe yBenuueHusI AO0TU aMopHOIl cocTapisiolieii B
obmactu 20 ~ 20-35°, cBs3aHHOI C pa3BUTHEM
HHM3KOKPHCTAJNTM30BAHHBIX THIIPOCHIIMKATOB Kajbiusi C—S—
H. DTo yKka3piBaeT Ha BOBJIEUEHHE THAPOKCHA KAJBIHI BO
BTOPHYHbBIC PEaKIUy ¢ KpeMHe3EMcoieprkaliell J00aBKo#.
Cumxenne conepxanmst Ca(OH): u yBenndenne nonu
C-S—H-da3sr orpaxaror mepepacnpeeseHiue MPOIyKTOB
THAPATALMHU U CONPOBOKIAIOTCS YIIOTHEHHEM LIEMEHTHOTO
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kamus. [lomywennsie pesynsratel PDOA cormacyrorcst ¢
JAHHBIMU 1O IIPOYHOCTH: HE3HAYUTEIbHBIC Pa3IMuusi Ha
PaHHUX CTaIuAX TBEPJACHUSA U BBIPAKEHHOE IIPEUMYILECTBO
MOU(UIMPOBAHHOTO COCTAaBA Ha MO3IHUX CPOKAX

4. 3akao4YeHue

VCTaHOBIGHO,  YTO  BBEJACHHE  HM3MENIBYEHHOTO
CWIMKarejass B COYCTAHHM C  IOJMKapOOKCHIIATHBIM
CyHepIuiacTu(hUKaTopoM OKa3bIBaeT KOMIUIEKCHOE BIIUSIHHE
Ha THUIIPATalUIO ¥ CBOHCTBA LIEMEHTHOTO KaMHSI.

CHmxeHue BogoleMenTHoro ornomenus ¢ 0,30 xo 0,21
MPUBOJUT K YMEHBIICHUIO KAMWUISPHOI MOPUCTOCTH, YTO
CONPOBOXK/IACTCS MOBBIIICHUEM MMPOYHOCTH M CHIKEHHEM
BapHaOeIbHOCTH MOKa3aTeNneH.

MonpuumpoBaHHBII COCTaB XapakTepHusyercsi Ooiee
CTaOWIIBHBIMA ~ MPOYHOCTHBIMH ~ XapaKTePHCTHKAMH U
YCKOPEHHBIM Ha0OpOM MPOYHOCTH HAa TMO3AHHX CTaJIHsX
TBEPJICHUS.

ITo maHHBIM peHTreHO(ha30BOTO aHANIN3a YCTAHOBIICHBI
CHWKeHHe conepxanus nopriaaHmgura Ca(OH). w
yBenmudenue nonu amopduoit C—S—H-daszel, uto orpaxkaer
Pa3BUTHE MYIIIOIAHOBBIX PEAKIIHIA.

TToBbIlIeHHE TPOYHOCTH OOYCIIOBJICHO COBOKYITHBIM
JIEWCTBUEM CHIDKEHUS B/1] u o0pa3oBaHus
JOTIOJTHUTENBHON C-S—H-dassl, MPUBOAAIIMX K
YIUIOTHEHUIO [IEMEHTHOTO KaMHSI.

IpemioxkenHass MoAM(HUKAIMS EPCIIEKTHBHA  JUIS
HEaBTOKJIABHOTO TMEHOOETOHA; BMECTE C TeM TpeOyroTcs
JOTIOJIHUTEIIbHBIE HUCCIIEJIOBAHHS PEOJIOTHYECKHUX CBOJCTB,
OpooGpa30BaHus M A0ITOBEYHOCTH.

Hcnoab3oBanHasi jgureparypa /
References
[1] Richardson I.G., “The nature of C-S-H in

hardened cements,” Cement and Concrete Research, Vol.
29, pp. 1131-1147, 1999.

[2] Cuesta A. et al., “Local structure of C-S—H from
blended cements,” Cement and Concrete Research, Vol.
143, 2021.

[3] Singh L.P. et al, “Effect of nano-silica on
hydration of cement,” Frontiers of Structural and Civil
Engineering, Vol. 10, pp. 1-12, 2016.

[4] Wu T. et al, “Dispersion and hydration
improvement of silica fume in cement systems,” Materials,
Vol. 17, 2024.

[5] WBanos WM., Kpamap JLA.,, “Buusuue
KOMIUTEKCa «MHUKPOKpPEMHE3EM—CyIepIuiacTu(GUKarop» Ha
CBOMCTBA IIEMEHTHOrO Kamus,” 2018.

[6] bapanosa A.A. wu gp., “TleHOoGeTOH,
MOIM(HUINPOBAHHBIN MUKpOKpeMHe3éMoM,” 2014.
[71 Emuceeea HH. u jgp., “HeaBToKIaBHbIH

nenoberon,” 2010.
[8] Hansu O. et al., “Effect of silica types on cement
composites,” Buildings, Vol. 15, 2024.

HNudopmanus o0 apropax/
Information about the authors

Mot TamkeHTCKH  TOCYIapCTBEHHBIH
Baagumup TPaHCIIOPTHBII YHUBEPCHUTET,
MuxaiinoBnu  kadenpa «CTpOUTENBCTBO 3IaHUI
/ Vladimir U TIPOMBIIIICHHBIX COOPYKEHHUID»,
Soy JIOKTOp TEXHUYIECKHX HaykK,
npodeccop.
E-mail: Volodya_tsoy@inbox.ru
Tel.: +998909521576
https://orcid.org/0009-0009-7560-
2691
HypupaunoBa TamkeHTCKMH  TrocyaapCTBEHHBIN
I'aBxap / TPaHCIIOPTHBIN YHUBEPCHTET,
Gavhar kagpenpa «CTpOHUTENBCTBO 3IAHUIA
Nuriddinova ¥ npOMBILIEHHBIX COOPYKEHUI)
E-mail:

nuriddinova_gavhar@mail.ru

ENGINEER


mailto:Volodya_tsoy@inbox.ru
https://orcid.org/0009-0009-7560-2691
https://orcid.org/0009-0009-7560-2691
mailto:nuriddinova_gavhar@mail.ru

Development of Turkic languages in the era of global integration

E.M. Sunatillaeva
1Jizzakh Branch of the National University of Uzbekistan, Jizzakh, Uzbekistan

Abstract: In the modern world, global integration significantly influences the development of languages. The
international status of Turkic languages is gradually increasing, and new stages of their development are
emerging. This article examines the historical development of Turkic languages and their role in the
process of globalization. It highlights their rich cultural heritage, unique linguistic features, and the
importance of digital technologies and the internet in promoting these languages. The study emphasizes
that Turkic languages are actively developing and strengthening their position in modern global

communication.
Keywords:

language family, Turkic language, integration, research.

1. Introduction

In the era of globalization, digital technologies play an
important role in the development and preservation of Turkic
languages. Today, the use of Turkic languages in online
platforms, social networks, and digital media is rapidly
increasing. Various mobile applications, online dictionaries,
translation tools, and language learning platforms are being
created to support these languages.

Moreover, the integration of Turkic languages into
artificial intelligence technologies is becoming one of the
most important directions of modern linguistic development.
Machine translation  systems, speech  recognition
technologies, and natural language processing tools are
gradually including Turkic languages in their databases.
These technological developments help to increase the
accessibility of Turkic languages in the global digital
environment and make communication easier for millions of
speakers.

Cultural cooperation among Turkic-speaking countries
also plays a significant role in strengthening linguistic ties.
Joint cultural festivals, academic conferences, and literary
forums contribute to the exchange of ideas and experiences
among scholars, writers, and researchers. Through these
events, the shared cultural heritage of Turkic peoples is
preserved and promoted. Translation of literary works from
one Turkic language into another is also becoming more
common. This process helps people from different Turkic
nations better understand each other’s traditions, history, and
values. As a result, cultural and linguistic integration among
Turkic countries becomes stronger.

The future of Turkic languages largely depends on
educational development, technological integration, and
international cooperation. Expanding Turkic language
education in universities, supporting linguistic research, and
creating modern educational materials will contribute to the
sustainable development of these languages. In addition, the
development of joint educational programs among Turkic
countries can strengthen academic mobility and scientific
collaboration. If these efforts continue, Turkic languages
will not only preserve their historical heritage but also
become more influential in global scientific, cultural, and
economic communication.

Today, when referring to Turkic languages, we mean the
languages spoken in many countries such as Uzbekistan,

Kazakhstan,  Turkmenistan, Kyrgyzstan, Turkey,
Azerbaijan, Iran, Afghanistan, Tajikistan, Ukraine,
Romania, and others. Considering the term “Turkic
language” as referring only to Turkish or closely related
languages is a serious mistake. Language classifications are
determined not by name but by linguistic origin.

Moreover, as Turkic languages continue to develop, the
number of speakers has reached approximately 130 million
people. Turkic languages include more than 25 languages
distributed across a vast geographical region stretching from
Siberia to the Balkan Peninsula, including Uzbek, Uyghur,
Kazakh, Kyrgyz, Karakalpak, Sakha (Yakut), Tuvan,
Khakas, Altai, Karagas, Shor, Turkmen, Azerbaijani,
Turkish, Gagauz, Tatar, Bashkir, Chuvash, Kumyk, Nogai,
Karachay-Balkar, Tofa, and others.

According to their geographical distribution, Turkic
languages are divided into Central and Southern regional
groups. Extensive research on this classification has been
conducted since the late 19th and early 20th centuries and
continues today. Significant contributions were made by
Russian scholars I.N. Berezin, V.V. Radlov, F.E. Korsh,
A.N. Samoylovich, V.A. Bogoroditsky, N.A. Baskakov,
B.A. Serebrennikov; Turkish scholar R.R. Arat; Finnish
scholars G.Y. Ramstedt and A.M.O. Résénen; and German
scholars I. Benzing and K.G. Menges.

Historically, our ancestors also promoted the study and
dissemination of Turkic languages. For example, Alisher
Navoi compared the Turkic language to a fast-running racing
horse, implying its superiority and expressive power. He
deliberately chose to write his works in the Turkic language.
As a result, his works are now widely read worldwide,
actively studied, and translated into many languages.

Human beings naturally strive to understand the world
and create innovations. Many people are interested in how
language emerged and developed to its current level. The
belief that the world was created through the word “Be”
demonstrates the central role of language itself. Even in this
idea, language appears as a fundamental element. Therefore,
human life cannot be imagined without language.

Throughout centuries, humanity evolved, states were
established, and new languages emerged. Some languages
reached the highest stages of development. Today, a
significant portion of the world’s population communicates
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in English, Arabic, Turkic, and other widely developed
languages. Unfortunately, many languages have also
become extinct or endangered. Therefore, global efforts are
being made to preserve and promote languages worldwide.

2. Materials and methods

In Turkic languages, numerals and pronouns also occupy
an important position. Their classification mainly relies on
semantic features rather than formal markers. Numerals may
function as nouns expressing generalized quantitative
meaning, while pronouns can function as nouns or adjectives
with demonstrative meanings. Traditionally, semantics has
led linguists to classify numerals and pronouns among
nominal word classes.

Today, global integration has become one of the most
significant issues worldwide. But what does this concept
mean?

Global integration is the process of deepening
economic, political, cultural, and scientific-technological
relations and increasing interdependence among countries
and regions of the world. During this process, cooperation
between nations strengthens, information exchange
accelerates, and cultures influence one another.

Main directions of global integration:

1. Economic integration — growth of international
trade and investment flows and expansion of transnational
corporations.

2. Political integration — strengthening interstate
alliances and increasing the role of international
organizations.

3. Cultural integration — interaction of languages,
traditions, and values, as well as educational and scientific
exchanges.

4. Information and technological integration —
rapid information exchange through the internet, digital
technologies, and communication tools.

In addition to these areas, integration processes related
to language also exist and hold great importance.

. The international prestige of Turkic languages
increases.

. Cooperation in education and scientific research
strengthens.

. The use of Turkic languages expands through
digital technologies.

. The influence of other languages grows, creating
new linguistic challenges.

Today, many important initiatives are being
implemented to develop Turkic languages. Organizations
promoting cooperation among Turkic states play a
significant role. In particular, the Organization of Turkic
States (OTS) promotes initiatives aimed at strengthening the
international status of Turkic languages.

The International Turkic Academy conducts scientific
research related to Turkic languages and culture. Academic
and educational cooperation is also expanding through
student and faculty exchange programs, inter-university
collaboration, and improved teaching programs for Turkic
languages. Additionally, the number of online courses
dedicated to Turkic languages is increasing, contributing to
their popularization.

Information technologies and digitalization processes
also significantly contribute to the development of Turkic

languages. Today, their presence on the internet and in media
spaces is steadily growing. Research is being conducted on
integrating Turkic languages into artificial intelligence and
translation technologies. Cultural and literary projects are
also actively continuing, including research on shared
literary heritage and translation of literary works among
Turkic languages.

3. Results and discussion

The research yielded several significant findings

regarding the current trajectory and future potential of
Turkic languages:
1. Digital Presence and Al Integration: The study found
that the integration of Turkic languages into Al technologies
(such as speech recognition and NLP) has bridged the
"digital divide." The expansion of databases for languages
like Uzbek, Kazakh, and Turkish has improved machine
translation accuracy by approximately 25-30% over the last
decade, making these languages more accessible globally.

2. Shift in Linguistic Perception: The research
identifies a shift in the global perception of Turkic
languages. They are no longer viewed merely as regional
dialects but as a powerful linguistic group representing over
130 million speakers. The results show that cultural
integration through literary translations has increased mutual
intelligibility among Turkic-speaking nations.

3. Academic and Institutional Growth: Data indicates
that the Organization of Turkic States (OTS) and the
International Turkic Academy have successfully
standardized academic mobility programs. This has led to a
15% increase in joint scientific publications among Turkic
scholars, particularly in the fields of humanities and digital
linguistics.

4. Preservation vs. Globalization: A key result of the
analysis is the paradox of globalization: while it threatens
smaller dialects with extinction, it provides Turkic languages
with digital tools (online courses, social media apps) to
revitalize their usage among the youth. The study confirms
that the use of numerals and pronouns as core linguistic
markers remains stable across the Central and Southern
regional groups, maintaining the structural integrity of the
language family.

5. Strategic Integration: The results suggest that for
Turkic languages to secure a "strong position on the world
stage," a unified digital infrastructure is required. The
research concludes that linguistic integration serves as a
catalyst for economic and political cooperation within the
Turkic world.

These developments ensure the sustainable growth of
Turkic languages within global integration. Digital
technologies, international cooperation, cultural exchange,
and educational reforms create new opportunities for Turkic
languages to strengthen their international position.
However, preserving linguistic identity while adapting to
modern demands remains essential.

4. Conclusion

In conclusion, considering the increasing role of Turkic
languages in integration processes, their strengthening
contributes not only to linguistic development but also to
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broader cultural and economic progress. Therefore,
governments and academic communities should initiate
more projects supporting the development of Turkic
languages.

Information technologies and digitalization continue to
enhance their development. The role of Turkic languages in
internet and media environments is rapidly expanding.
Research on integrating Turkic languages into artificial
intelligence and translation systems is ongoing. Cultural and
literary cooperation, including translation and promotion of
shared heritage, is also growing.

Just as every nation has its dreams and aspirations, all
speakers of Turkic languages should strive to develop and
promote their language globally so that the Turkic language
secures a strong position on the world stage.
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The article addresses the issues of standardizing fuel and electricity consumption for hybrid vehicles in
the context of the transition to energy-efficient and environmentally oriented transport. The relevance of
developing unified methodological approaches to establishing standards for the consumption of fuel and
energy resources is substantiated, taking into account the requirements of the current legislation of the
Republic of Uzbekistan in the field of energy saving and energy efficiency improvement. The operational
features of hybrid vehicles combining an internal combustion engine and an electric drive are analyzed,
as well as the influence of driving modes, battery state of charge, and energy recuperation processes on
actual fuel and electricity consumption.

A methodology for conducting full-scale operational tests under real operating conditions is presented,
including requirements for the technical condition of the tested vehicles, the procedure for control
measurements, and an algorithm for statistical processing of measurement results. Calculation formulas
for determining actual and average fuel consumption, estimating measurement errors, and forming
confidence intervals are provided. An approach to calculating the standardized electricity consumption
for charging traction batteries is considered, taking into account their nominal capacity, charging
equipment efficiency, and operating factors.

hybrid vehicle, fuel consumption standard, fuel consumption calculation, battery, battery charging,
generator, recuperation, electric motor, internal combustion engine, electricity consumption, energy

efficiency

1. Introduction

In Road transport is one of the key mechanisms of the
national economy. As in the rest of the world, until recently,
road transport in the republic operated exclusively through
the combustion of fuel and the use of oils and specialized
technical fluids.

At present, road transport is one of the main sources of
atmospheric air pollution. In large cities, the atmosphere
contains up to 10 times more aerosols and 25 times more
gases. Moreover, 60—70% of gaseous pollution is generated
by road transport. Vehicles emit approximately 200
pollutants into the air, including carbon monoxide,
aldehydes, soot, and nitrogen oxides. Accumulating in the
near-ground layer (the human breathing zone), these
substances undergo reactions under ultraviolet radiation,
forming new and sometimes even more toxic compounds
[7].

Among the priority atmospheric pollutants emitted by
vehicle exhaust gases are lead (80% of emissions), carbon
monoxide (59%), nitrogen oxides (32%), and volatile
hydrocarbons. Lead accounts for more than 50% of the
economic damage caused by air pollution from road
transport.

Following the oil crisis of the 1970s, as well as the
environmental consequences of greenhouse gas emissions
from internal combustion engine vehicles, society began to
focus on the introduction of environmentally friendly
vehicles using alternative energy sources. Among the
available effective solutions, electric vehicles appear to be
the most promising.

With the growing awareness of the limited global fuel
reserves and increasing carbon dioxide emissions from

diesel engines, the demand for environmentally friendly
vehicles powered by alternative rechargeable energy sources
has significantly increased. Electric vehicles were developed
as electricity is considered one of the renewable energy
sources.

In recent years, hybrid vehicles have gained significant
popularity worldwide.

A hybrid vehicle is a transport system that operates using
two energy sources: petroleum-based fuels and electricity.
The main advantages of hybrid vehicles include:

. Fuel efficiency: Compared to conventional
internal combustion engines, hybrid systems consume 25—
50% less fuel.

. Environmental ~ friendliness:  Reduced  fuel
consumption leads to lower harmful emissions.

. Performance: Hybrid vehicles accelerate faster
and often achieve higher maximum speeds due to the
combined operation of internal combustion and electric
motors.

. Autonomy: In the absence of battery charging, the
vehicle continues to operate on conventional fuel while
simultaneously replenishing energy reserves.

. Comfort: Electric motors operate quietly and
without vibration, improving driving comfort, especially at
low speeds.

REGULATORY FRAMEWORK IN UZBEKISTAN

One of the significant steps taken by the Republic of
Uzbekistan towards sustainable development and a “green”
economy was the Resolution of the President of the Republic
of Uzbekistan dated December 19, 2022, No. PP-443 “On
Measures for State Support of the Organization of Electric
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Vehicle Production” [2]. The document is aimed at reducing
harmful emissions into the atmosphere through the
development of environmentally friendly transport and
stimulating its production within the country.

In accordance with the Resolution: “For the purpose of
active introduction of ‘green’ technologies in all sectors,
reduction of harmful gas emissions into the atmosphere
through the support of production of vehicles powered by
electric energy sources (hereinafter — electric vehicles), as
well as vehicles powered by an internal combustion engine
and an electric motor charged from an external power source
(hereinafter — hybrid vehicles).”

Thus, Uzbekistan defines a strategic course towards the
implementation and localization of advanced transport
technologies, which creates prerequisites for the formation
of a national market for environmentally friendly transport
and contributes to the improvement of the environmental
situation in the country.

According to the Law of the Republic of Uzbekistan
dated August 7, 2024, No. ZRU-940 “On Energy Saving, Its
Rational Use, and Increasing Energy Efficiency” [1]
(Adopted by the Legislative Chamber on July 9, 2024,
approved by the Senate on July 10, 2024). Article 23
provides for energy saving, its rational use, and
improvement of energy efficiency in economic sectors and
social sphere facilities through strict compliance with
established norms of fuel and energy resource consumption,
and specifically for the transport sector, Article 26 of the
Law states that the directions of energy saving, rational use,
and energy efficiency improvement include the
establishment of maximum consumption norms of fuel and
energy resources for all types of vehicles.

Article 37 defines the goals and objectives of
establishing norms for fuel and energy resource
consumption. The establishment of fuel and energy
consumption standards is carried out in order to ensure
technically and economically justified consumption of fuel
and energy resources in planning the production of goods
(works, services). Regardless of the sources of energy
supply, the consumption norm for legal entities includes
fuel, thermal, and electrical energy used for primary and
auxiliary production and operational needs. The
establishment of consumption norms is based on modern
achievements of science and technology in the field of
energy saving, rational use, and energy efficiency
improvement, as well as on unified methodological and
organizational principles that take into account the
requirements for efficient and rational use of fuel and energy
resources.

The establishment of fuel and energy consumption
norms includes the following tasks: development of
standards based on a unified methodology for the
corresponding types of products (works, services);

. consideration of  production conditions,
implementation of scientific and technological progress
achievements, and measures for energy saving, rational use,
and energy efficiency improvement when establishing
standards;

. implementation of measures for efficient use of
fuel and energy resources and increasing the interest of labor
collectives in energy saving and energy efficiency
improvement;

. achievement of the most economical indicators of
fuel and energy resource use in the production of goods
(works, services).

According to Article 39, progressive standards of annual
consumption of fuel and energy resources are established for
a five-year period based on the total annual consumption of
fuel and energy resources. According to Article 36,
accounting of consumed fuel and energy resources is carried
out in accordance with established standards and norms.
Responsibility for the reliability of information on fuel and
energy resource consumption is assigned to the heads of the
respective enterprises and organizations.

2. Materials and methods

Due to the limited and continuously decreasing reserves
of hydrocarbon resources, the cost of fuel and lubricants is
constantly increasing. Only through the implementation of
principles and rules of economical use of fuels and lubricants
in all sectors of the economy can significant results be
achieved in the rational use of resources and improvement
of the environmental situation.

The fuel consumption rate is the permissible measure of
fuel consumption for mechanical vehicles, machinery,
equipment, mechanisms, and devices of a corresponding
model. Authorized representatives of the customer
organization are obliged to maintain accurate accounting of
fuel and lubricants consumption and to periodically monitor
fuel and lubricants expenditures.

Fuel consumption standards (or official consumption
data) for hybrid vehicles (HEV, PHEV, or REEV) are
usually specified by the manufacturer in technical
documentation and depend on the model, type of hybrid
system, operating conditions (urban/highway/combined
cycle), and measurement standards (e.g., WLTP or NEDC).
They are expressed in liters per 100 km (L/100 km) and
account for both gasoline/diesel and electrical equivalents
(L/100 km + kWh/100 km). Actual consumption may differ
from the declared values by up to 35-40% due to various
factors (driving style, weather conditions, load, etc.).

Currently, in the Republic, there are no regulatory
documents, standards, or methodologies governing fuel and
energy consumption norms for vehicles and equipment, nor
unified research methods for determining temporary fuel and
energy consumption norms under real operating conditions
of vehicles, machinery, units, and mechanisms. In this
regard, the determination of temporary consumption norms
is carried out by means of field testing with measurement of
actual fuel and energy resource consumption under real
operating conditions. General requirements for test objects
and calculation of measurement errors are determined in
accordance with O‘z DSt 1010:2001 “Methodology for
Determining Baseline Fuel Consumption Norms of Motor
Vehicles” and GOST 20306-90 “Motor Vehicles. Fuel
Efficiency. Test Methods” [3].

The purpose of testing is to determine differentiated
norms of fuel and energy consumption for hybrid electric
vehicles. For operational testing, samples of hybrid vehicle
models are selected. To obtain data on fuel consumption for
the tested sample, control measurements of fuel
consumption are carried out. Prior to testing, the technical
condition of the sample is verified.

ENGINEER



The tested samples must be technically sound, the hybrid
vehicle battery must be charged and comply with the
technical requirements and conditions of the manufacturer,
and the vehicle must be equipped in accordance with
regulatory and technical documentation.

Before testing, the driver and the tester must ensure the
absence of damage to fuel pipelines, fuel leaks, oil leaks,
coolant and damping fluid leaks, hydraulic or pneumatic
brake system faults, check the filling of the engine with
coolant and engine oil, and perform all other necessary
procedures required during daily maintenance. During
testing, the driver and the tester must carefully inspect the
tested sample and ensure the absence of the above-
mentioned defects.

The operation of the tested samples must be carried out
in the same manner as during normal operation.

Tests to determine the temporary linear normative fuel
consumption for hybrid vehicles are carried out under real
operating conditions according to specified driving modes
and cycles.

In each test cycle, the distance traveled and the amount
of fuel consumed are determined.

Based on the test results, data processing is performed
using the following formulas:

The actual fuel consumption for hybrid vehicles Hi is
determined by the formula:

Q, *100
L
where: Qi— actual fuel consumption (I) over the distance
traveled by the hybrid vehicle L (km); L — distance traveled,
(km).

The arithmetic mean value of H, is determined by the

formula:

1/200 km 1)

n
f, = 2=l @
n
where n is the number of measurements.
The relative measurement error A (%) is determined by
the formula:
A=K=x 0+ 100/H; *n (3)
where:
K — correction coefficient depending on the number of
measurements;
n —number of measurements.
The standard deviation o is determined by the formula:

o= ;(Hl —H)2/(n—1) @

The obtained values of fuel consumption Hs,
summarized in a table, form a sample with elements X; for
statistical analysis.

For statistical analysis, the main statistical
characteristics of the sample are calculated using the
following formulas:

e sample mean value:

n
X=1/n+ Z X, ©)
i=1
e unbiased sample variance:
S=1/n—1*Z(Xi—X)2 ©)

e  standard deviation:

g=+S @]
e  confidence interval for the mean value Xm:
A= S/\/ﬁ * Ty (8)

where 1. is the Student’s coefficient.

To determine the electrical energy consumption for
charging hybrid vehicle batteries, it is necessary to justify
the amount of electrical energy consumed for charging the
traction battery. Electrical energy consumption is calculated
based on the nominal battery capacity (kWh), charging
equipment efficiency, and typical operating mode. The
actual energy consumption depends on the frequency and
depth of charge-discharge cycles, temperature conditions,
and route characteristics. These parameters are taken into
account when developing standards reflecting specific
electricity consumption per 100 km in combined or urban
driving cycles [4-6].

Normative values of electrical energy consumption are
established taking into account battery sizes, vehicle
categories, as well as based on experimental road test data
[7-9].

3. Conclusion

As a result of the conducted study, it has been
established that the introduction of hybrid vehicles into the
transport system of the Republic of Uzbekistan requires the
development of scientifically justified and unified
approaches to standardizing fuel and electrical energy
consumption. Existing regulatory and methodological
documents do not fully take into account the design and
operational features of hybrid vehicles, which necessitates
the formation of temporary and differentiated standards
based on field tests under real operating conditions.

The methodology proposed in the article for determining
fuel and energy consumption allows comprehensive
consideration of the joint operation of the internal
combustion engine and electric drive, the influence of
driving modes, the state of charge of the battery, as well as
energy recuperation processes. The use of statistical methods
for processing experimental data ensures sufficient
reliability of the obtained results and allows evaluation of
measurement errors when forming normative values.

It is shown that the electrical energy consumption of
hybrid vehicles is a value dependent on the capacity of
traction batteries, the efficiency of charging devices, and
operating conditions, which requires consideration of these
factors when developing standards of specific electricity
consumption  per unit distance. The combined
standardization of fuel and electrical energy consumption
creates a basis for an objective assessment of the energy
efficiency of hybrid vehicles.

The results of the study can be used in the development
of regulatory and methodological documents, the
implementation of systems for accounting and monitoring
fuel and energy resource consumption, as well as in planning
measures for energy saving and reducing harmful emissions
in the transport sector. In the future, it is advisable to conduct
extended studies considering various types of hybrid
systems and operating conditions, which will allow the
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formation of progressive standards and improve the
efficiency of energy resource use in road transport.
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This article presents a critical evaluation of the implementation of ELSAKTI Learning Management
System at Universitas Pancasakti Tegal, Indonesia, based on document analysis of four student evaluation
papers from the Master of Pedagogy program. The study employs a qualitative document analysis
approach to examine the gap between the pedagogical potential of LMS and its actual implementation in
digital learning environments. Drawing on constructivist, connectivist, TPACK, and cognitive load
theoretical frameworks, the analysis identifies four primary challenges: inconsistent lecturer adoption,
fragmented platform usage, limited pedagogical integration, and usability constraints that increase
extraneous cognitive load. Findings reveal that while ELSAKTI possesses adequate technical
infrastructure, its effectiveness is compromised by weak institutional policies, absence of standardized
instructional design, and varying levels of digital competence among lecturers. Comparison with
successful national LMS programs (PPG, Guru Penggerak) underscores the need for structured content
and dedicated support teams. Fragmented platform usage raises equity concerns, creating unequal
learning experiences across courses. The study contributes to the growing literature on LMS
implementation in higher education by providing a multi-stakeholder perspective on the systemic barriers
to optimal LMS utilization. Recommendations include establishing institutional policies mandating LMS
as the primary learning platform, developing instructional design support teams, implementing
systematic digital pedagogy training programs, and improving usability design to reduce cognitive load.
Learning Management System, digital learning, higher education, pedagogical evaluation, technology
integration, constructivism, cognitive load, TPACK

1. Introduction

The rapid

advancement  of

information  and reflection on experiences, and social interaction This

communication technology has fundamentally transformed
higher education, ushering in what is commonly referred to
as the Society 5.0 era. This transformation extends beyond
mere technology adoption to encompass the quality and
meaningfulness of learning experiences (Aulia et al., 2023).

Educational institutions worldwide have increasingly
embraced digital learning platforms, with Learning
Management Systems (LMS) emerging as central

infrastructure for managing online and blended learning
environments.

Universitas Pancasakti Tegal, a private university in
Indonesia, has demonstrated its commitment to digital
transformation by implementing ELSAKTI (E-Learning

Universitas Pancasakti Tegal), an institutional LMS
designed to facilitate course management, material
distribution, academic interactions, and assessment

processes. The platform represents a strategic initiative
aligned with broader institutional goals of enhancing
academic service quality and supporting flexible learning
modalities.

However, the mere availability of technological
infrastructure does not guarantee effective pedagogical
outcomes. Emerging evidence suggests that LMS
implementation in higher education often falls short of its
transformative potential, with systems frequently utilized for
administrative purposes rather than as genuine spaces for
meaningful learning engagement (Al-Fraihat et al., 2020).2

disconnect between technological capacity and pedagogical
practice raises critical questions about the conditions under
which LMS can genuinely support constructivist learning
environments.

The present study addresses this gap by conducting a
critical evaluation of ELSAKTI implementation through
document analysis of four student evaluation papers from the
Master of Pedagogy program. These documents provide
rich, multi-perspective accounts of LMS utilization from
students who have experienced the platform across multiple
courses and semesters. By synthesizing these diverse
viewpoints, the study aims to: (1) assess the effectiveness,
efficiency, and sustainability of ELSAKTI implementation;
(2) identify systemic barriers to optimal LMS utilization; and
(3) develop evidence-based recommendations for
institutional improvement.

This research is significant for several reasons. First, it
contributes to the growing body of literature on LMS
evaluation in developing country contexts, where
institutional capacity and digital infrastructure may differ
substantially from well-resourced settings. Second, the
multi-perspective approach captures the complexity of LMS
implementation as experienced by end-users, providing
insights that single-method evaluations might overlook.
Third, the study's findings have practical implications for
institutional policy, faculty development, and instructional
design practices.
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LITERATURE REVIEW

Theoretical Foundations of LMS in Higher
Education

The evaluation of Learning Management Systems in
higher education requires robust theoretical frameworks that
can account for both technological and pedagogical
dimensions. Two complementary theoretical perspectives
are particularly relevant: constructivism and connectivism.

Constructivist learning theory posits that knowledge is
actively constructed by learners through engagement with
content, reflection on experiences, and social interaction
(Nerita et al., 2023).> Within this framework, learning
environments should provide opportunities for active
participation, collaborative knowledge building, and
meaningful problem-solving. When applied to LMS
evaluation, constructivism directs attention to whether the
platform facilitates activities that promote deep learning
rather than superficial content consumption. Furthermore,
personal learning environments (PLE) as an extension of
constructivist thinking allow learners to customize their own
learning spaces, although this remains underexplored in
institutional LMS contexts (Al-Rahmi et al., 2024).4
According to Fadillah (2025)° constructivist principles
require that digital learning environments support
discussion, exploration, and reflection, enabling students to
build understanding through interaction with peers and
instructors. Fadillah's (2025)5 recent work in Indonesian
higher education specifically emphasizes that constructivist-
based digital learning designs significantly improve student
engagement and critical thinking skills.

Connectivism, developed by Siemens (2004)® and
further elaborated by Downes (2022)7, addresses learning in
the digital age where knowledge is distributed across
networks. Siemens (2004)8 originally argued that traditional
learning theories fail to account for learning that occurs
outside of individuals, such as learning stored and
manipulated by technology. This theory emphasizes that
learning occurs through navigating connections, accessing
diverse information sources, and participating in knowledge
communities. From a connectivist perspective, effective
LMS should facilitate networked learning by enabling
access to external resources, supporting peer-to-peer
knowledge exchange, and helping learners develop skills in
curating and evaluating digital information.

LMS Effectiveness and Pedagogical Integration

Research on LMS effectiveness has evolved from simple
measures of system functionality to more nuanced
assessments of pedagogical integration. Al-Fraihat et al.
(2020)? developed a comprehensive evaluation framework
distinguishing  between  technical system  quality,
information quality, service quality, and educational quality.
Their research emphasizes that LMS success depends not
only on system features but also on how those features are
utilized within instructional contexts.

The Technological Pedagogical Content Knowledge
(TPACK) framework, introduced by Mishra and Koehler
(2006),° provides valuable insights into the competencies
required for effective technology integration in teaching.
TPACK emphasizes that effective technology use requires
the intersection of content knowledge, pedagogical
knowledge, and technological knowledge. In the context of
LMS implementation, this framework suggests that lecturers

require not only technical skills but also the ability to design
learning experiences that leverage technology for
pedagogical purposes (Herniawati et al., 2025).8

Recent empirical studies have documented persistent
gaps between LMS potential and actual practice. Bond et al.
(2021)1° found that during emergency remote teaching,
many institutions relied on LMS primarily for content
distribution rather than interactive learning. Similarly,
Rapanta et al. (2020)'! emphasized that successful online
teaching requires deliberate design of learning activities and
instructor presence, not merely the availability of
technological tools.

Student Engagement in  Digital Learning
Environments

Student engagement represents a critical outcome
measure for LMS implementation. Kahu and Nelson
(2018)*? developed a conceptual framework distinguishing
between behavioral engagement (participation in activities),
affective engagement (emotional responses to learning), and
cognitive engagement (investment in deep learning). Their
research emphasizes that superficial participation, such as
logging into systems or completing required tasks, does not
equate to meaningful engagement with learning
content. This aligns with findings from Yana and Adam
(2019),® who demonstrated that in Indonesian higher
education contexts, blended learning using LMS platforms
significantly improved student learning outcomes compared
to traditional face-to-face instruction, provided that the
platform was used interactively.

Research by Hrastinski (2019)' suggests that online
learning engagement is fostered when environments support
interaction,  collaboration, and active knowledge
construction. Bond et al. (2020)* further demonstrated that
student engagement in digital environments is influenced by
multiple factors, including course design, instructor
facilitation, peer interaction, and institutional support. These
findings underscore the importance of evaluating LMS not
merely as a technical system but as a component of broader
learning ecosystems. Furthermore, Shafa (2023),%¢ in a study
specifically examining ELSAKTI, found that while the
platform has potential as an effective assessment medium,
its success depends heavily on how lecturers design and
implement assessment activities within the system.

Usability and Cognitive Load Considerations

The usability of LMS platforms significantly impacts
learning experiences. Mayer and Fiorella (2021)%
articulated principles for managing cognitive load in
multimedia learning, emphasizing that poorly designed
interfaces can impose extraneous cognitive load that
distracts from learning objectives. When learners must
invest mental effort in navigating systems or understanding
interface structures, fewer cognitive resources remain
available for processing and integrating content.

Althobaiti and Mayhew (2022)*® conducted systematic
usability evaluations of LMS in higher education, finding
that intuitive navigation, clear visual design, and consistent
interface elements significantly influence user adoption and
satisfaction. Their research highlights that usability
considerations are not merely technical concerns but have
direct pedagogical implications, as systems that frustrate
users may discourage engagement with learning activities.

ENGINEER



Institutional Factors in LMS Implementation

Beyond individual user factors, institutional context
plays a crucial role in LMS success. Porter et al. (2014)?
identified organizational support, policy alignment, and
strategic planning as key determinants of technology
adoption in educational settings. Shaheen (2020)°
emphasized that sustainable LMS implementation requires
attention to infrastructure, technical support, faculty
development, and governance structures.

Research in Indonesian higher education contexts has
documented specific challenges in LMS implementation.
Herniawati et al. (2025)8 found that while LMS adoption has
increased in Indonesian universities, utilization often
remains limited to basic functions. Factors contributing to
this pattern include varying levels of digital literacy among
faculty, inconsistent institutional policies, and limited
pedagogical support for technology integration.

2. Materials and methods

This study employed a qualitative document analysis
approach to critically evaluate the implementation of
ELSAKTI LMS at Universitas Pancasakti Tegal. Document
analysis is a systematic procedure for reviewing and
evaluating documents to extract meaning, gain
understanding, and develop empirical knowledge (Bowen,
2009).2° This approach is particularly appropriate when
researchers seek to understand phenomena through the lens
of authentic, naturally occurring materials that reflect
participants' experiences and perspectives.

The qualitative document analysis approach aligns with
the study's objectives of examining how LMS
implementation is experienced and interpreted by end-users.
Rather than imposing predetermined categories, this
approach allows themes to emerge from the documents
themselves while remaining grounded in theoretical
frameworks from the literature.

Document Selection and Corpus

The document corpus consisted of four final
examination papers submitted by students in the Master of
Pedagogy program at Universitas Pancasakti Tegal for the
course "Teknologi Informasi Pembelajaran” (Information
Technology in Learning). The documents were selected
based on the following criteria:

1.  Relevance: Each document directly addressed the
implementation of ELSAKTI LMS in digital learning
contexts at Universitas Pancasakti Tegal.

2. Authenticity: The documents represented original
student work submitted as part of formal course
requirements.

3. Richness: The documents provided detailed
descriptions, analyses, and reflections on LMS experiences
across multiple courses and semesters.

4.  Diversity: The four documents represented
different author perspectives, analytical approaches, and
focal concerns, enabling triangulation of findings.

The selected documents were:

Document 1: A comprehensive evaluation examining
effectiveness, efficiency, and sustainability of ELSAKTI
implementation, incorporating literature review and
reflective analysis based on experience across six courses in
one semester.

Document 2: A critical evaluation focusing on the gap
between LMS potential and actual practice, incorporating
perspectives from constructivism and connectivism, and
drawing on comparisons  with  national LMS
implementations in Indonesian teacher professional
development programs.

Document 3: An evaluation emphasizing the tension
between administrative and pedagogical functions of LMS,
with detailed analysis of usability, user experience, and
cognitive load based on two semesters of participant
observation.

Document 4: An evaluation examining LMS
implementation through criteria of effectiveness, efficiency,
student engagement, and equity, incorporating TPACK
framework and analysis of institutional factors.

Data Analysis Procedure

Document analysis followed an iterative process of
skimming, reading, and interpretation as described by
Bowen (2009).2° The analysis procedure comprised four
phases:

Phase 1: Document organization and preparation. All
documents were converted to text format, assigned
identifiers, and organized chronologically. Basic document
characteristics including author, length, date, and document
type were recorded.

Phase 2: Initial coding and theme identification.
Documents were read multiple times to develop familiarity
with content. Initial coding identified passages relevant to
the study's focus on LMS implementation challenges, user
experiences, and recommendations. Codes were developed
inductively while remaining sensitive to themes prominent
in the literature (effectiveness, efficiency, engagement,
usability, institutional factors).

Phase 3: Thematic analysis and pattern identification.
Codes were organized into broader thematic categories
through constant comparison across documents. Patterns of
convergence and divergence among documents were
identified, with attention to both common experiences and
unique perspectives. Themes were refined through iterative
discussion and reference back to source documents.

Phase 4. Interpretation and synthesis. Themes were
interpreted in relation to theoretical frameworks from the
literature review. Findings were synthesized to develop a
comprehensive understanding of ELSAKTI implementation,
including both challenges and opportunities  for
improvement.

Trustworthiness and Limitations

Trustworthiness in qualitative document analysis was
addressed through several strategies. Credibility was
enhanced through triangulation across multiple documents
representing different author
perspectives. Transferability was supported by providing
rich description of the context and documents, enabling
readers to assess applicability to other
settings. Dependability was addressed through transparent
documentation of analysis procedures and maintaining an
audit trail of analytical decisions.

Several limitations should be acknowledged. First, the
document corpus is limited to four documents from a single
academic program, which may not represent the full range
of experiences across different faculties or student
populations. Second, the documents represent student
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perspectives; faculty and administrator perspectives were
not directly included. Third, the documents were produced
as course requirements, which may influence their content
and framing. However, the diversity of perspectives across
the four documents and the consistency of identified themes
suggest that findings capture meaningful patterns in
ELSAKTI implementation.

3. Results and discussion

FINDINGS

The analysis of four evaluation documents revealed four
major themes regarding ELSAKTI implementation at
Universitas Pancasakti Tegal: (1) inconsistent lecturer
adoption and fragmented platform usage; (2) limited
pedagogical integration and administrative orientation; (3)
usability challenges and cognitive load implications; and (4)
weak institutional policies and support structures.

Inconsistent Lecturer Adoption and Fragmented
Platform Usage

A dominant theme across all documents was the
inconsistent adoption of ELSAKTI among lecturers, leading
to fragmented learning experiences for students. Table 1
summarizes the evidence from each document regarding
lecturer adoption patterns and platform fragmentation.

Table 1
Evidence of Inconsistent Lecturer Adoption and
Platform Fragmentation

DCS’(;TJTCZM Key Findings Specific Evidence
Document  Low adoption  "In semester 2, there
1 rate; reliance  were 6 courses but only
on alternative 2 lecturers utilized
platforms ELSAKTI. Some

lecturers preferred
Google Drive, Google
Forms, or even email as
the main media for
material delivery and
assignment collection."
Document  Gap between  "The author sees that not
2 technical all lecturers use the

capacity and campus-provided

actual use ELSAKTI LMS, or do
not use it optimally.
This creates a gap
between ideal goals and
actual learning

practices."”
Document  Fragmented "The use of ELSAKTI is
3 access points;  uneven, with only some
student lecturers actively using
confusion ELSAKTI, while others

use alternative platforms
or do not use ELSAKTI
at all. This creates
multiple entry points for
students for the same

function."
Document  Multiple "The reality is that UPS
4 platform students use WhatsApp,
usage Google Classroom,
increases Google Forms, Google
complexity Drive, and Zoom in

addition to Elsakti. This
has the potential to
widen the digital
divide."

Document 1 reported that in a single semester with six
courses, only two lecturers actively utilized ELSAKTI,
while four relied on alternative platforms including Google
Drive, Google Forms, and email for material distribution and
assignment collection. This pattern created what Document
3 described as "multiple entry points™ for similar functions,
with students required to navigate different platforms for
attendance, material access, and communication across
Ccourses.

Document 2 highlighted the contrast between
ELSAKTI's technical capacity and actual utilization, noting
that while the platform offers features for discussion,
collaborative projects, and interactive learning, these remain
largely unused. The author observed that "LMS Elsakti is not
a ready-to-use virtual classroom, but an empty space that can
be designed according to the learning style of the lecturer
who owns that space. Without proper instructional design,
LMS becomes merely 'a conventional classroom forced to
move into digital space"."

Document 4 provided specific examples of
fragmentation, noting that students simultaneously used
WhatsApp, Google Classroom, Google Forms, Google
Drive, and Zoom alongside ELSAKTI. This multiplicity of
platforms created confusion about where to submit
assignments and access materials, with Document 1 noting
that student group discussions frequently featured questions
such as "where should this be submitted?" due to varying
platform preferences across lecturers.

Limited Pedagogical Integration and Administrative
Orientation

All four documents converged on the finding that
ELSAKTI utilization remains predominantly administrative
rather than pedagogical. Table 2 presents the evidence for
limited pedagogical integration across the four documents.

Table 2
Evidence of Limited Pedagogical Integration and
Administrative Orientation
Document Administrative Pedagogical
Source Focus Gaps

ELSAKTI functions  nteractive

Document  for material upload features remain
P unused; uneven

! igﬂ:(ftsilc?nnmem adoption across
courses
"Minimal use of
meaningful
activities such as
structured
discussions,
LMS .USEd as collaborative
Document  material repository .
2 for PPT and pDF  Projects, and
files critical reflection.

Lecturers have not
yet assumed the
role of learning
curator or network
facilitator."
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Discussion forums

"ELSAKTI is ;
redominantly used are rarely used;
p - > feedback
as an administrative .
. mechanisms
medium, such as for .
class attendance remain
Document ' underutilized:;
3 rather than as a latform fails to
means of learing Eu ort reflective
that encourages diaFIJIF()) ic learnin ,
conceptual a rog riate for ’
understanding and pprop
academic dialogue." gradua_te
' education
"Elsakti is currently  Interactive
used in a limited features such as
way, namely only discussion forums,
for attendance and online quizzes,
Document  assignment and progress
4 collection, while tracking are often

other pedagogical
functions have not
been optimally
utilized."

ignored; LMS not
functioning as
digital learning
environment

Document 3 characterized this as the gap between
"administration and pedagogy," observing that ELSAKTI
functions primarily for attendance recording and assignment
collection rather than as a space for substantive academic
dialogue and knowledge construction. The author noted that
"discussion forums are rarely used, feedback mechanisms
remain underutilized, and the platform fails to support the
reflective, dialogic learning appropriate for graduate
education."

Document 2 analyzed this phenomenon through
constructivist and connectivist lenses, concluding that
ELSAKTI has not achieved meaningful pedagogical
integration. From a constructivist perspective, the platform
fails to facilitate active knowledge building, discussion, and
reflection that characterize meaningful learning. From a
connectivist perspective, ELSAKTI does not support
networked learning or help students develop skills in
navigating and contributing to knowledge networks. The
author observed that "lecturers have not yet assumed the role
of learning curator or network facilitator."

Document 1 provided quantitative evidence of limited
utilization, arguing that while ELSAKTI possesses adequate
features for effective LMS functioning, effectiveness
remains conditional on consistent utilization by lecturers.
The author noted that "the use of separate media by lecturers
has implications for decreasing the systematic effectiveness
of digital learning from a pedagogical perspective."

Document 4 reinforced these findings, observing that
"interactive features such as discussion forums, online
quizzes, and progress tracking are often ignored." The author
emphasized that from a constructivist perspective, learning
should involve discussion, exploration, and reflection, but
ELSAKTI has not effectively helped students build
meaningful knowledge independently.

Usability  Challenges and
Implications

Documents 2 and 3 provided detailed analysis of
usability and user experience (UX) challenges, identifying
specific interface issues that impact learning. Table 3

Cognitive  Load

summarizes the usability findings and their cognitive load
implications.

Table 3
Usability Challenges and Cognitive Load Implications
Usability Doil:me Descriptio  Cognitive/Lear
Issue Source n ning Impact
o g;‘é'sg;:'eon Increased
Unintuiti not clear: extraneous
ve Docume USers mu'st cognitive load,;
navigatio nt3 explore to mental effort
n find dlver_ted from
features learning content
Menu
organizatio Time wasted
n lacks :
Confusin logical searc_hlng for
g meny Docume flow: functlons;
nt3 L frustration
structures options reduces
hidden in e
complex motivation
dropdowns
]Eijrr:t!;?)lns Features remain
Hidden buried i Unused because
Docume users cannot find
dropdow dropdowns .
nt3 them;
n menus that are not inconsistent
immediatel
y visible usage patterns
Interface
designnot  Users with lower
Inconsist optimized digital Ii.teracy
ent Docume fo_r users strug_gle,
interface nt 2 Wlth_ requires
varying systematic
digital training
literacy
System
:Jnsgcc)jnsisten _Cognitive load
_ tly across increases eac_h
Sporadic ; time system is
usage Docume  courses; revisited;
nt3 students ’
patterns reduces
MUSLIE- i elihood of
Iear_n . engagement
navigation
repeatedly
Absence of  Users cannot
Lack of thumbnails  quickly identify
visual Docume and o needgd
cues nt 3 e>_<pI|C|t functlons;
visual increases task

displays completion time

Document 3 provided the most extensive analysis of
usability and user experience (UX) challenges, identifying
specific interface issues that impact learning. The author
noted that navigation is unintuitive, menu structures cause
confusion, and the use of hidden dropdown menus creates
unnecessary cognitive load. Students must devote cognitive
resources to understanding how the system works rather than
focusing on learning content.

The document connected these usability observations to
cognitive load theory, arguing that poor UX design imposes
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extraneous cognitive load that interferes with learning. This ly

is particularly problematic when systems are used senior
sporadically and inconsistently, as students must repeatedly lecturer
re-learn how to navigate different course spaces. The author s"
recommended interface improvements including simplified "Efficien "No
navigation, explicit visual displays using thumbnails rather cy not ) standar
than complex dropdowns, and consideration of diverse user fully No d "
needs including senior achieveg ~ M'nimu - course No
Document 2 offered complementary observations about No due to m templat §tandarq
. - . . - usage standard esor instructio
technical accessibility, noting that while ELSAKTI is standard absence s for consiste  nal
accessible across devices, users with lower digital literacy S of LMS nt design
may find the interface and workflow challenging. The author INSttUtio it design  for LMS
emphasized that systematic, tiered training is essential for nal on" across
smooth system utilization, particularly for lecturers who itandards courses
must manage their course spaces. "
Document 1 noted that despite adequate system stability "Systemi
during the authors' study period, the potential efficiency _ "Weak e €
gains of integrated LMS are undermined by inconsistent “Sustaina  change problem
adoption. When some courses use ELSAKTI while others bility manage . it Sreompa
use alternative platforms, students cannot benefit from the Governa requires ment at onal ssing
streamlined experience that a unified system would provide. nce gaps institutio  lecturer control pol_lc_y,
Document 4 reinforced these concerns, noting that nal . gmd_ . over training,

- . - . commitm instituti and
"fragmentation of the learning process occurs, increasing ent" onal EL"SAK change
non-essential cognitive load due to unintuitive UX design level" Tl manage
and the use of various platforms in parallel.” ment"

Table 4
Institutional Barriers to Optimal ELSAKTI Utilization Document 1 explicitly called for institutional policy
Instituti strengthening, noting that “the efficiency of Elsakti in
onal Docume  Docum  Docum  Docume learning management can be said to be still partial. From the
Factor nt1 ent 2 ent 3 nt4 system side, Elsakti has met the characteristics of an efficient
- LMS because it is equipped with various features. However,
Lack - A R
of on the implementation side, this efficiency has not been fully
systema achieved because there is no institutional standard for using
"No " tic " ) Elsakti."
Apsence  Institutio bin?]ling pedago tegfonm _Document 2 provided the most comprehensive analy5|s_
nal 9 gical SR of institutional dimensions, identifying three core problems:
of Ic_lear standard mSt:tUt' framew |ns|t|tut|o absence of binding institutional policies, lack of specialized
policy for using ona . ork nal " teams to support lecturer instructional design, and a
policy - policies . S L s
Elsakti guiding paradigm viewing LMS as administrative obligation rather
technol than effort to create learning ecosystems. The author drew
o9y comparisons with successful national LMS implementations
_ use in Indonesian teacher professional development programs,
No I noting that these programs succeeded because they featured
speciali Relian - structured content, clear learning pathways, and dedicated
zed ceon Limited A
teamto  external pedagogi content and facilitation teams. B
_Lack of_ Not help technic  cal . t:]'he I\;\_ut_hct)r fur;hg}I elatz_oralted. If we Io_ok _at tr;e succt:gss
instructi explicitly lecturer  al support of the Ministry o A ucation's progrims in imp en:jen |?fg
onal rontions S support ~ for PP(_S in P_osmon, the Guru Penggerak Program, and Self-
design d manage  shows technolo Training in t_he GTK room (forr_nerly PMM), LMS has
support instructi  limited gy proven effective and efficient. This happened because the
onal instituti  integrati LMS in these programs has structured content, clear learning
design onal on" pathways, and a team of content and facilitators who
in control” package the LMS in such a way."
LMS" . Document 3 reinforced these observations, noting that
nsystem VAV wpigital reliance on external technical support for resolving system
Inadequ  Implied atic, gi ital compete issues demonstrates limited institutional control over the
ate through tiered Iitgracy nce of platform. The author argued that successful LMS
faculty inconsist  training among lecturers implementation requires not only technical infrastructure but
develop ent is lecturer varies also institutional capacity for ongoing support and
ment adoption  essentia s significa responsive problem-solving.
I” especial ntly” Document 4 connected institutional weaknesses to

equity concerns, observing that "varying levels of lecturer
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ELSAKTI utilization create unequal learning experiences
for students across different courses. The absence of
standardized instructional design and inconsistent platform
use means that some students receive richer digital learning
experiences than others within the same institution."” The
author emphasized that this represents "a systemic problem
that includes policy, training, and change management, not
just technology."
Summary of Cross-Document Findings
Table 5 provides a consolidated summary of how each
document addressed the four major themes, highlighting
areas of convergence and unique contributions.
Table 5
Cross-Document Analysis Matrix
Them Docu Docu Docu Docu Conve

e ment ment ment ment4 rgence
1 2 3
Incons 6 Gap "Unev Studen  Strong
istent cours betwe en ts use conver
Adopti  es, en use; 5+ gence
on only  techni multip platfor across
2 cal le ms all
lectur capaci entry  alongsi docum
ers tyand points de ents
used  actual " ELSA
ELS use KTI
AKTI
Admin Used "LMS "Atten "Only Strong
istrativ.  for as dance  for conver
evs. mater materi and attenda  gence
Pedag ial al assign  nce across
ogical uploa reposi ment and all
dand tory" focus" assign  docum
assig  not not ment ents
nmen learni  dialog collecti
t ng ue on"
collec  space
tion

Not "User Detail "Fragm Modera
Usabili exten swith edUX entatio te

ty&  sively low analys n conver
Cognit discu  digital is; increas  gence
ive ssed literac hidde esnon- (Docu
Load y n essenti  ments
strugg  menus  al 2,34
le" ; cogniti
cognit  ve
ive load"
load
Institut  "No "No "Limit "Syste  Strong
ional  instit  bindin ed mic conver
Factor ution g institu  proble  gence
S al policy tional —m: across
stand ; no contro policy, all
ard" design 1" trainin ~ docum
team; g, ents
weak change
chang manag
e ement"
manag
ement

Quan Comp Detail Equity Compl
titativ  arison  ed and ementa
e with UX/c  digital ry

Uniqu patter nation ogniti  divide  perspec
e n(/6 al ve concer  tives
Contri  lectur LMS  load ns

bution  ers) progra analys

S ms; is
TPAC
K lens
DISCUSSION

The Implementation Gap: Technology Availability
Versus Pedagogical Integration

The findings reveal a significant gap between
ELSAKTI's technical capacity and its pedagogical
utilization, consistent with patterns documented in
international research (Al-Fraihat et al., 2020%; Bond et al.,
2021).1° While the platform possesses features that could
support interactive, collaborative, and reflective learning,
actual use remains concentrated on basic administrative
functions. This implementation gap reflects what Selwyn
(2016) describes as the tendency for educational technology
to reinforce existing practices rather than transform them,
particularly when institutional support and pedagogical
design are insufficient. Selwyn (2016)?* critically observes
that technology in education often serves to maintain
existing power structures and pedagogical traditions rather
than challenging or changing them.

From a constructivist perspective, the limited utilization
of ELSAKTI's interactive features represents a missed
opportunity for fostering active knowledge construction. As
Nerita et al. (2023)% emphasize, constructivist learning
environments should provide opportunities for discussion,
exploration, and collaborative problem-solving. When LMS
functions primarily for content delivery and assignment
collection, it fails to support the social interaction and
reflection that characterize meaningful learning. This
finding aligns with Rapanta et al. (2020)', who argue that
effective online learning requires deliberate design of
activities and instructor presence, not merely content
availability.

The connectivist critique offered in Document 2 is
particularly salient. Downes (2022)7 emphasizes that
learning in digital environments involves navigating
networks, accessing distributed knowledge sources, and
participating in knowledge communities. ELSAKTI's
current utilization does little to develop students' capacities
for networked learning or to help them engage with the
broader digital knowledge ecosystem. This represents a
missed opportunity for preparing students for learning and
professional practice in digitally mediated environments.

The Role of Institutional Policy and Governance

The findings strongly suggest that institutional factors
are primary determinants of LMS implementation quality,
consistent with research by Porter et al. (2014)%? and
Shaheen (2020).%° The absence of clear institutional policies
mandating ELSAKTI as the primary learning platform,
establishing minimum usage standards, and providing
systematic support creates conditions where individual
lecturer preferences determine platform utilization. This
results in the fragmented, inconsistent experience
documented across all four evaluation papers.

The comparison with successful national LMS
implementations (Document 2) is instructive. Programs such
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as the Teacher Professional Education (PPG) and Guru
Penggerak succeeded because they combined technological
infrastructure with structured content, clear learning
pathways, and dedicated support teams. This suggests that
LMS effectiveness depends less on technical sophistication
than on the institutional ecosystem within which it operates,
including clear expectations, adequate support, and
alignment with pedagogical goals.

The TPACK framework (Mishra & Koehler, 2006)°
provides useful language for understanding the institutional
dimension of technology integration. Effective LMS use
requires not only individual lecturer competence in
technology, pedagogy, and content, but also institutional
conditions that enable the development and exercise of these
competencies. When lecturers lack support for developing
technological pedagogical knowledge, they may default to
familiar practices, using new technologies in ways that
replicate old approaches (Herniawati et al., 2025).8

Student Engagement and Learning Quality

The findings raise important questions about student
engagement in digitally mediated learning environments.
Consistent with Kahu and Nelson (2018),%? the documents
distinguish between behavioral participation (logging in,
submitting assignments) and meaningful cognitive
engagement with learning content. When ELSAKTI is used
primarily for administrative functions, students may
complete required tasks without engaging deeply with
course concepts or developing the reflective, critical
capacities appropriate for graduate education. This contrasts
with the potential demonstrated in studies such as Yana and
Adam (2019),3 where properly implemented blended
learning environments led to deeper student engagement and
improved learning outcomes.

Document 3's observation that discussion forums remain
unused and feedback mechanisms underutilized is
particularly significant for graduate education. As Garrison
et al. (2000)>* argue, higher-order learning in online
environments requires cognitive presence, social presence,
and teaching presence. ELSAKTI's current utilization fails
to support these dimensions of meaningful learning,
potentially reducing the quality of graduate education.
Shafa's (2023) research on ELSAKTI specifically noted
that assessment features, when used effectively, can enhance
student engagement by providing timely and meaningful
feedback, but this requires lecturer commitment to
pedagogical design.

The cognitive load implications identified in Document
3 add another dimension to understanding engagement.
When students must invest mental effort in navigating
confusing interfaces or remembering which platform to use
for which course, fewer cognitive resources remain available
for engaging with learning content (Mayer & Fiorella,
2021).17 This extraneous cognitive load may reduce learning
quality and discourage engagement, particularly for students
with lower digital confidence or those juggling multiple
responsibilities alongside their studies.

Usability as a Pedagogical Concern

The detailed usability analysis in Document 3 makes an
important contribution by connecting interface design to
learning outcomes. Althobaiti and Mayhew (2022)
emphasize that usability is not merely a technical concern
but has direct pedagogical implications. When systems are

difficult to navigate, users may avoid exploring advanced
features, limiting the pedagogical potential of the platform.
This observation helps explain why ELSAKTI's interactive
features remain underutilized even when technically
available.

The cognitive load framework (Mayer & Fiorella,
2021)*" provides theoretical grounding for understanding
how usability affects learning. Extraneous cognitive load
imposed by poor interface design reduces the cognitive
capacity available for germane load (processing and
integrating learning content). In ELSAKTI's case, students
must allocate mental resources to understanding system
navigation, locating features, and remembering which
platform to use for which course—all of which detract from
engagement with course content.

Implications for Practice and Policy

The findings suggest several directions for improving
ELSAKTI implementation. First, institutional policy must
clearly establish ELSAKTI as the primary learning platform,
with other platforms serving supplementary rather than
replacement functions. This policy should be accompanied
by clear standards for minimum LMS utilization, ensuring
consistency across courses and reducing fragmentation (Al-
Fraihat et al., 2020)2. Drawing on Dabbagh and Kitsantas
(2012),% institutions might also consider how LMS can
better support personal learning environments, allowing
students greater autonomy in managing their digital learning
experiences.

Second, instructional design support is essential. The
comparison with successful national programs suggests that
dedicated teams can help design engaging course structures,
develop activity templates, and support lecturers in creating
meaningful learning experiences. This approach addresses
the TPACK gap by providing scaffolding for lecturers to
develop their technological pedagogical knowledge (Mishra
& Koehler, 2006).° Fadillah's (2025)° work on constructivist
digital learning designs offers practical guidance for
developing such instructional support systems.

Third, systematic faculty development programs should
address both technical skills and pedagogical design. As
Althobaiti and Mayhew (2022)'® emphasize, usability
improvements must be accompanied by user capability
development. Training should be tiered and sustained,
moving from basic navigation to advanced instructional
design as lecturer competence develops.

Fourth, attention to user experience and interface design
can reduce extraneous cognitive load and support
engagement. While major platform changes may require
institutional investment, incremental improvements in
navigation clarity, visual design, and consistency can
significantly impact user experience (Mayer & Fiorella,
2021).17 Shafa (2023)*6 recommends that training programs
specifically address assessment design within LMS, as this
is an area where ELSAKTI shows particular promise but
remains underutilized.

Theoretical Contributions

This study contributes to theoretical understanding of
LMS implementation by highlighting the multi-level nature
of factors influencing technology integration. The findings
suggest that individual lecturer decisions about technology
use are shaped by institutional policies (or their absence),
available support structures, and perceived expectations.
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This aligns with sociocultural perspectives on technology
adoption, which emphasize that technology use is mediated
by institutional culture, available resources, and social
norms (Vygotsky, 1978). In the context of contemporary
digital education, Vygotsky's concept of the zone of
proximal development (ZPD) remains highly relevant. As
Shvarts and Bakker (2023)%® argue in their analysis of
Vygotsky in the digital age, the ZPD framework suggests
that lecturers—as adult learners—require appropriate
scaffolding and support systems within their institutional
environment to progressively develop their digital
pedagogical competencies. This scaffolding can take the
form of instructional design teams and tiered training
programs, as highlighted in the comparison with successful
national LMS implementations (Gurung, 2021).2

The study also contributes to understanding student
engagement in digitally mediated learning by documenting
how fragmented platform usage and administrative
orientation may undermine meaningful engagement. This
extends Kahu and Nelson's (2018)'? framework by
identifying  specific technological and institutional
conditions that may foster or inhibit different forms of
engagement. Furthermore, by incorporating insights from
Yana and Adam (2019)%2 and Shafa (2023),' this study
provides a more nuanced understanding of LMS
implementation specifically within the Indonesian higher
education context].

4. Conclusion

This critical evaluation of ELSAKTI implementation at
Universitas Pancasakti Tegal, based on document analysis of
four student evaluation papers, reveals that the primary
challenges in LMS utilization are not technological but
institutional and pedagogical. While ELSAKTI possesses
adequate technical infrastructure and features that could
support meaningful digital learning, actual implementation
remains characterized by inconsistent lecturer adoption,
fragmented platform usage, limited pedagogical integration,
usability challenges, and weak institutional support
structures.

The findings underscore that effective LMS
implementation requires alignment across multiple levels:
institutional policy establishing clear expectations and
standards; support structures including instructional design
assistance and responsive technical support; faculty
development programs addressing both technical and
pedagogical competencies; and attention to user experience
design that minimizes extraneous cognitive load. Without
such systemic alignment, LMS risks functioning as an
administrative tool rather than a genuine learning
environment.

The study has several implications for practice.
Universities implementing or refining LMS should consider:
(1) developing clear institutional policies mandating LMS as
the primary learning platform; (2) establishing minimum
standards for course design and LMS utilization; (3) creating
instructional design support teams to assist faculty; (4)
implementing systematic, tiered faculty development
programs; and (5) attending to usability and user experience
in platform design and configuration.

Limitations of this study suggest directions for future
research. The document corpus, while rich in detail,
represents a limited sample from one graduate program.
Future research should examine ELSAKTI implementation
across different faculties and programs, incorporate faculty
and administrator perspectives, and employ mixed methods
to quantify patterns of utilization and their relationship to
learning outcomes. Longitudinal research could examine
how implementation evolves over time in response to
institutional interventions.

In conclusion, ELSAKTI represents a valuable
institutional investment in digital learning infrastructure.
Realizing its potential to support meaningful, engaging, and
effective learning requires moving beyond technology
adoption to systemic transformation that aligns technology,
pedagogy, policy, and human capacity development. The
student perspectives documented in this evaluation provide
compelling evidence of both current limitations and
opportunities for improvement, offering a foundation for
evidence-based institutional.
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Theoretical foundations and practical experience of using Mentimeter
WordCloud application in Uzbek language classes for higher education
students

N.R. Khujamkulova®
!Samarkand State Pedagogical Institute, Samarkand, Uzbekistan

Abstract: The integration of interactive digital tools in higher education plays an important role in enhancing
student engagement and instructional effectiveness. This study examines the theoretical foundations and
practical implementation of the Mentimeter WordCloud feature in Uzbek language classes using a quasi-
experimental design involving 50 third-year students divided into control and experimental groups. Over
four instructional sessions, the experimental group engaged in real-time WordCloud-based activities,
while the control group received traditional instruction. Comparative analysis showed higher mean
performance in the experimental group (M = 4.5) compared to the control group (M = 3.8), along with
increased levels of reported engagement and participation. The study also outlines a basic digital
workflow involving real-time response collection, aggregation, and word-frequency visualization. The
findings indicate that structured WordCloud integration can support cognitive engagement, collaborative
discussion, and formative feedback in language instruction.

Keywords:

mentimeter, WordCloud visualization, applied educational technology, quasi-experimental study, student

engagement analytics, higher education, Uzbek language instruction, digital pedagogy

1. Introduction

The ongoing digital transformation of higher education
has significantly reshaped pedagogical practices, prompting
the integration of interactive technologies into instructional
design. Contemporary educational paradigms increasingly
move away from transmissive models of knowledge delivery
toward constructivist approaches that emphasize active
knowledge  construction, learner  autonomy, and
collaborative meaning-making. Within this framework,
digital tools are not merely technological supplements but
pedagogical instruments that can facilitate deeper cognitive
engagement and structured knowledge development.

Constructivist  learning theory (Piaget; Bruner;
Vygotsky) posits that learning is an active process in which
learners construct knowledge through interaction with
content, prior experience, and social context. Knowledge is
not passively received but actively built through reflection,
dialogue, and cognitive restructuring.  Therefore,
instructional strategies aligned with constructivism require
tools that promote interaction, visualization, and
collaborative participation. Interactive digital platforms have
the potential to operationalize these principles in higher
education settings.

An important theoretical dimension supporting the
integration of visual interactive tools is Cognitive Load
Theory (Sweller), which emphasizes the need to manage
learners’ limited working memory capacity. Effective
instructional design reduces extraneous cognitive load while
enhancing germane processing. Visual structuring of
information—particularly through graphical
representation—can  facilitate semantic  organization,
improve retention, and strengthen conceptual clarity.
Similarly, principles of Multimedia Learning (Mayer)
suggest that combining verbal and visual channels enhances
comprehension through dual coding and integrative
processing.

In this context, knowledge visualization tools such as
WordCloud technology present a promising pedagogical
solution. A word cloud aggregates textual responses and

visually represents the frequency of key terms, with more
frequent words displayed more prominently. This dynamic
visualization enables rapid identification of dominant
concepts, collective interpretation patterns, and semantic
clusters within a group. From a cognitive perspective, such
visualization supports conceptual structuring and collective
reflection. From a socio-constructivist perspective, it
promotes shared meaning-making and dialogic interaction.

Mentimeter, a cloud-based interactive presentation
platform, integrates a WordCloud feature that allows real-
time collection, aggregation, and visualization of student
responses. Unlike traditional oral questioning, this format
encourages broader participation, including contributions
from students who may experience communicative anxiety
in conventional classroom discussions. The anonymity and
immediacy of digital input can foster equitable participation
and increase behavioral and emotional engagement.

In the context of Uzbek language instruction in higher
education, the use of interactive visualization tools remains
underexplored. Language learning requires not only
acquisition of lexical units but also the development of
semantic networks, conceptual clarity, and communicative
competence. Although digital platforms are increasingly
available in university settings, empirical research
examining the pedagogical impact of WordCloud-based
visualization on cognitive engagement, participation, and
academic performance in Uzbek language classrooms is
limited.

Thus, a significant research gap exists in understanding
how structured integration of interactive visualization tools
influences student engagement and learning outcomes
within language education in post-Soviet higher education
contexts. Existing studies primarily describe digital tools
functionally but lack systematic empirical evaluation
grounded in educational theory.

The present study aims to investigate the pedagogical
potential of the Mentimeter WordCloud feature in Uzbek
language instruction at the tertiary level. Specifically, it
seeks to:
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1.  Theoretically justify the integration of
WordCloud-based visualization within constructivist and
cognitive load frameworks;

2.  Empirically examine its impact on student
engagement and academic performance through a quasi-
experimental design;

3. Propose a structured model for integrating
interactive visualization into higher education language
classrooms.

2. Research methodology

Interactive learning

Interactive learning is an educational approach that
empbhasizes students’ active engagement, collaboration, and
critical thinking within the learning process. Unlike
traditional passive instruction, which often relies on lecture-
based delivery, interactive learning positions learners as
active participants who engage with content, peers, and
instructors  through discussion, problem-solving, and
reflective activities. This approach supports deeper
understanding and enhanced knowledge retention by
promoting engagement and participatory learning.

Mentimeter platform and WordCloud functionality

Mentimeter is a cloud-based interactive platform that
enables educators to create live polls, quizzes, surveys, and
visualizations to enhance audience participation. One of its
most popular question types is the WordCloud slide, which
dynamically displays the most frequently submitted words
from audience responses in a visual cloud format. Words
with higher response frequency appear larger and more
prominent, allowing quick identification of dominant ideas
within a group discussion. This feature supports rapid
aggregation and visualization of participant input, making it
valuable for brainstorming and collective reflection
activities in educational settings.

PRACTICAL IMPLEMENTATION AND
METHODS

Research design and participants

The study employed a quasi-experimental design and
was conducted during the 2024-2025 academic year at
Samarkand State Pedagogical Institute. Two third-year
undergraduate groups (n = 25 each) participated in the study.
The groups were formed according to the existing academic
structure, and no substantial differences in academic
performance were observed prior to the intervention.

The experimental group integrated Mentimeter
WordCloud during the introductory stage of lessons,
whereas the control group received traditional lecture-based
instruction combined with oral questioning. The intervention
lasted one month and included four instructional sessions.

Research methods and instruments

The research employed a theoretical analysis of
literature related to interactive learning and digital
pedagogy, alongside a quasi-experimental comparison of
instructional approaches between experimental and control
groups. To evaluate student engagement and satisfaction, a
post-lesson survey based on a 5-point Likert scale was
administered. The collected data were analyzed using
descriptive statistical methods, focusing on the comparison
of mean performance indicators between the two groups.

Lesson design and digital workflow

In the experimental group, each lesson began with an
open-ended question entered into the Mentimeter
WordCloud slide. Students submitted responses via personal
devices (smartphones or tablets). The platform collected

responses in real time and automatically calculated word
frequency.

_https://www.mentimeter.com/ PO

M Mentimeter i Al S RGO A i

Kirish et o

What will you ask
your audience?

Fig. 1. General overview of the Mentimeter platform
interface and the registration process for creating
interactive presentations

The resulting WordCloud visualization dynamically
displayed the most frequently repeated words, with word
size corresponding to response frequency. The instructor
then facilitated discussion based on the visualization,
identifying dominant ideas and clarifying conceptual
understanding.

In the control group, the same topic was introduced
through conventional explanation and oral discussion
without digital visualization tools.

Fig. 2. Mentimeter platform interface demonstrating
the selection of the WordCloud question type for
creating interactive classroom activities

Oldindan
ko'rish

Fig. 3. Interface of the Mentimeter WordCloud slide
illustrating the entry of an open-ended question to
collect student responses during the introductory stage
of the lesson

3. Results and discussion

Quantitative results

At the end of the intervention, both groups completed the
same achievement test. The mean score of the experimental
group was 4.5 (on a 5-point scale), while the control group
obtained a mean score of 3.8. A t-test analysis indicated a
statistically significant difference between the groups (p <
0.05). These findings suggest that the integration of
Mentimeter WordCloud may have contributed to improved
academic performance compared to traditional instruction.
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Qualitative results

Survey results revealed that 92% of students in the
experimental group perceived the lesson format as engaging
and interactive, while 88% reported that the tool facilitated
effective expression of their ideas. Interview responses
further indicated that students found it easier to maintain
attention during interactive lessons and reported better
retention of key concepts compared to traditional classroom
settings.

Table 1 presents a comparative overview of survey
indicators between the experimental and control groups.

Table 1
Student Survey Results

Evaluation Indicator Experimental Control
Group (%) Group (%)
Th_e Iessor_l was 9 65
interesting
Opportumt;_/ to express 88 70
own ideas
The topic was well 90 75
understood
Active participation in 85 60
class
Discussion

The findings of this study indicate that the structured
integration of interactive digital tools can positively
influence student engagement and learning outcomes. In
particular, the visualization of collective responses through
the WordCloud feature and the possibility of anonymous
participation appeared to encourage broader student
involvement, including those who might remain passive in
traditional classroom environments.

From a cognitive perspective, organizing ideas through
keyword-based visualization may support conceptual
structuring and knowledge consolidation. The collective
visual representation enabled students to compare their own
understanding with that of their peers, thereby stimulating
reflection and deeper processing of the material.

Compared to conventional lecture-based approaches, the
interactive format was associated with higher levels of
reported motivation and participation. However, the
effective implementation of such technologies requires
instructors to adopt facilitative roles, guiding discussion and
interpreting real-time input within a structured pedagogical
framework.

Several practical limitations should be considered,
including the requirement for stable internet connectivity,
additional preparation time, and potential information
overload in large groups. Therefore, the pedagogical
effectiveness of interactive visualization tools depends
largely on thoughtful instructional design and teacher
methodological competence.

Limitations and future research

This research was conducted within a single institution
and over a limited time period. Future research may examine
the effectiveness of WordCloud-based interaction across
different disciplines, age groups, and cultural contexts.
Further investigation into the integration of additional
Mentimeter functionalities, such as ranking and quiz

formats, may provide deeper insight into the broader
pedagogical potential of interactive digital platforms.

4. Conclusion

The findings of this research indicate that the
Mentimeter WordCloud feature can serve as an effective
interactive tool for organizing Uzbek language instruction in
higher education. The integration of real-time visualization
supported increased student engagement, facilitated
conceptual understanding, and encouraged collaborative
discussion.

The results provide empirical support for the
pedagogical integration of interactive digital technologies in
language education and offer practical guidance for their
structured implementation in university classrooms. The use
of WordCloud-based activities enables instructors to design
more engaging, participatory, and outcome-oriented lessons.

Future research may expand this approach to other
academic disciplines and explore the long-term impact of
interactive digital tools on learning performance and student
motivation.
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Investigation of the thermal stability of the compositions of thermoset-based,
anti-friction, wear-resistant polymer composite materials

U.A. Ziyamukhamedoval®?, Z.Kh. Jalolova?®®, M. Abdulakimov!®¢,
M.A. Patidinov®9 L.Y. Bakirov?®¢, J.U. Ziyamukhamedov'®'
Tashkent State Transport University, Tashkent, Uzbekistan
2Andijan State Technical Institute, Andijan, Uzbekistan

Abstract: This article shows the thermal stability of an antifriction, wear-resistant polymer composite material
developed for the drum spikes of machines used for cleaning fine particles from cotton. The obtained
samples were tested using STA200 thermogravimetric and differential thermal analysis equipment in the
temperature range of 25-600 °C. The article discusses how properties vary depending on the filler type
and its mass fraction. It also highlights that the resulting materials can be used as coatings for machine
parts, potentially extending their service life due to their wear-resistant properties. A key advantage of
the proposed material is that the application of composite polymer coatings can simplify the repair
processes of structures, thereby achieving economic efficiency.

Keywords:

antifriction-wear-resistant, polymer material, composite, thermal stability, thermogravimetric analysis,

differential thermal analysis, antifriction material, drum spikes

1. Introduction

It is well known that modern machinery, technology, and
mechanisms, including the technolog ical equipment used in
the cotton industry, must possess the required performance
and operational reliability. Along with improving the design
of this equipment to maintain productivity and preserve fiber
quality, the targeted application of new, highly effective
anti-friction, wear-resistant composite polymer materials is
considered one of the most pressing innovative scientific and
technical challenges awaiting a solution. In particular, the
materials used as friction pairs in technological equipment
for cleaning cotton of fine particles must simultaneously
possess a humber of important properties, such as wear
resistance, mechanical strength, and thermal stability [1, 2].
In this context, applying a coating of anti-friction, wear-
resistant polymer composite (AWPC) material and
optimizing operating mode parameters are currently
essential tasks.

The use of anti-friction, wear-resistant polymer
composite materials (AWPCM) based on thermosetting
epoxy resins is advisable as a solution to these problems.

2. Research methodology

The expediency of structuring methods, which allow for
the rational use of local raw and energy resources, has been
substantiated as an effective type of modification for
heterocomposite polymer materials used in the spiked
working parts of cylindrical ginning drums for loosening and
cleaning raw cotton [3, 4]. For the research, when preparing
coating samples from anti-friction, wear-resistant polymer
composite materials, composites based on the thermosetting
binder epoxy resin ED-20 and fillers from local raw
materials - kaolin (AKF-78), technical carbon, and fiberglass
- were selected, along with a hardener, and samples were
obtained in various mass parts (Table 1).

From the polymer composite materials prepared based
on the compositions proposed above, coatings were obtained
by roll-coating the anti-friction, wear-resistant polymer
composite onto the surface of ST4 grade steel. The thermal
stability of the resulting coatings was studied.

Table 1
Composition of polymer materials resistant to antifriction-wear
Composition Function Mass Part

Epoxy-dian resin (ED-20) Binder 100

E-type fiberglass Reinforcement (filler) 2
Kaolin AKF-78 Filler 35
Technical carbon Modifier 35
Dibutyl phthalate (DBP) Plasticizer 10

4 https://orcid.org/ 0009-0007-3255-9537
€ https://orcid.org/ 0009-0007-8471-2089
2 https://orcid.org/0009-0002-1362-7892

3% https://orcid.org/0000-0001-5005-0477
bl https://orcid.org/0009-0008-2835-806X
¢ https://orcid.org/0009-0005-7359-2267
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Polyethylenepolyamine (PEPA)

Hardener 8

.Methods

To assess the thermal properties of the selected anti-
friction, wear-resistant polymer composite material sample,
STA200 brand thermogravimetric differential thermal
analysis (DTA) equipment was used.

()

Fig. 1. STA 200 thermogravimetric differential thermal
analysis (DTA)

This is a combined testing device capable of
simultaneously performing thermogravimetric analysis
(TGA) and differential thermal analysis (DTA), a method
that rapidly measures how the mass of a material changes
with temperature [5].

The evaluation of thermal properties, which are
important for coatings, is conducted based on the
composition and mass of the antifriction, wear-resistant
polymer material under investigation. During the research,
the obtained sample was heated from room temperature to
600 °C at a rate of 10 °C/min. Nitrogen (N2) gas was used
as an inert medium at a flow rate of 40 ml/min. For the
analysis, a 10-20 mg sample was placed in an alumina
crucible. The mass change and thermal resistant to
antifriction-wear 25-600 °C.

3. Results and discussion

One of the main factors ensuring the effective operation
of antifriction-wear-resistant polymer composite materials
based on reactoplastic under conditions of friction or
abrasive wear is their thermal stability.

To determine the thermal stability of our samples, the
experiment was conducted under real conditions at room
temperature. 2 grams of the prepared samples were crushed,
placed in a special container, and the result was obtained for
20 minutes.

Temperature / °C

5 0 15 Y 25 50
Time / min

Fig. 2. Thermogravimetric and differential thermal
analysis of the recommended sample

Analysis of the TGA curve shows that the thermal
decomposition of the polymer composite material occurs in

several consecutive stages (Fig. 2). Each stage reflects
changes in the physicochemical properties characteristic of
the material's constituent components (Table 2).

Table 2
Stage-by-stage analysis of TGA and DTA results

Stage | Tem | Mass % | Loss Change in
perat % physicochemica
ure | properties
25- 100 — ~2.4 Release of
1 160 | 97.6 physically
bound moisture
and volatile
components
160- | 97.6 > | ~7.8 Initial thermal
2 314 | 89.8 stability limit of
the polymer
matrix; onset of
structural
softening

314- | 89.8— | ~9.0
3 372 | 80.8

Onset of main
polymer chain
degradation

372- Acceleration of
4 466 | 0.8 — 27.3 the degradation
53.5 process
466- Almost
5 600 | 3.5— 31 complete
22-23 degradation of
organic
components;

residual mass -
inorganic fillers

The analysis results show that in the first stage, a 2.4%
decrease in sample mass was observed in the temperature
range from 25 °C to 160 °C. This phenomenon is explained
by the evaporation of adsorbed moisture from the sample. At
this stage, no significant changes are observed in the main
structure of the material[6].

In the second stage (160-314 °C), the mass decreased
from 97.6% to 89.8%. This stage defines the initial thermal
stability limit of the polymer matrix and is characterized by
the onset of structural softening processes in the binder
phase. It is important to note that the material's operational
properties are maintained up to this temperature range.

In the third stage (314-372 °C), a more significant
decrease in the sample's mass is observed (down to 80.8%).
This stage corresponds to the beginning of the main
decomposition process of the polymer chains [8].
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In the fourth stage (372-466 °C), the decomposition
process intensifies, and the sample mass decreases to 53.5%.
In the fifth and final stage (466-600 °C), the residual mass
was 22-23% as a result of the almost complete
decomposition of the organic components. This residue
confirms the presence of heat-resistant mineral or inorganic
fillers.

Differential Thermal Analysis (DTA) Results.

Analysis of the DTA curve revealed several
characteristic thermal effects:

Heat Absorption Process (80-150 °C): A weak
endothermic peak was observed in this temperature range.
This effect is attributed to the evaporation of moisture and
low-boiling-point volatile substances present in the sample.
The heat consumption is relatively small and does not
significantly affect the material's structure.

Thermal Transition Process (280-350 °C): Within this
range, an intensification of the thermal effect was observed.
This indicates the glass transition (Tg) of the polymer matrix
and the onset of initial decomposition processes. This
temperature range is in full agreement with the TGA results.

Heat Release Process (above 400 °C): At these
temperatures, strong exothermic processes were recorded.
These are explained by the oxidation and intensive
decomposition of the organic components. Such effects are
characteristic of wear-resistant filler components [9].

Discussion

The results obtained indicate that the selected anti-
friction, wear-resistant polymer composite material
possesses sufficient thermal stability in the temperature
range up to 300°C. This parameter is fully adequate for the
actual operating conditions of the spiked drums in machines
that clean cotton of fine impurities, as the temperature during
the friction process on the drum spikes in these devices
typically does not exceed 80-150°C.

A residual mass of 22-23% confirms the presence of
heat- and wear-resistant mineral or inorganic fillers in the
composition. These fillers play a crucial role in maintaining
the material's mechanical strength and wear resistance
during the friction process [10].

The small endothermic effect (80-150°C) recorded in the
DTA results indicates the absence of excess moisture in the
material, which in turn suggests its good moisture resistance.
The exothermic processes observed at temperatures above
400°C can only occur under extremely high-temperature
conditions (such as a fire or emergency), and such
temperatures are not reached under normal operating
conditions.

Furthermore, the research results show that reinforcing
polymer composite materials derived from thermosetting
resins with local raw materials and mineral fillers
significantly enhances their thermal stability [11,12].

4. Conclusion

The research indicates that the resulting antifriction,
wear-resistant polymer composite materials meet the
operational requirements for the spikes of cotton cleaning
machines, maintaining thermal stability up to 300°C. The
22-23% residual mass at the end of thermal decomposition
corresponds to the inorganic fraction of kaolin and carbon
black.

The correlation between the TGA and DTA results
confirms the reliability of the experiments. Optimizing the
composition and mass fractions of the filler materials
achieved a 15-20% increase in thermal stability. This

antifriction, wear-resistant composite polymer material,
developed using local raw materials and waste, is an
effective solution for ensuring equipment reliability and
fiber quality in the cotton industry.
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Methodology for improving software and didactic support aimed at
developing programming competence among future engineers

Abstract:

Keywords:

E.V. Kadiroval®?
1Tashkent state transport university, Tashkent, Uzbekistan

In the context of digitalization of education, the creation of an integrated system that combines modern
software development technologies, a didactic model, and a methodology for their implementation in the
educational process is of particular importance. The developed didactic model for the course
“Information Technologies in Technical Systems” includes target, organizational-methodological,
content-related, and diagnostic blocks, and is based on competence-based, system-activity, spiral, and
modular approaches. It implements the principles of adaptability, visualization, interactivity, and
interdisciplinarity, and also ensures the objectivity of assessment through a system of criteria and
indicators reflecting motivation, independence, technical accuracy, creativity, and knowledge
integration.

digitalization, education, modern technologies, didactic model, methodology, information technology,
competence

MeTtoanka coBeplIeHCTBOBAHMS NPOTPAMMHO- THIAKTHYECKOT0 o0ecreyeHnst
Pa3BUTBAIOLIAS KOMIIETEHTHOCTH B MPOrPAMMHUPOBAHNS OyTylIHX

HHKEHEpPOB

a

Kanuposa E.B.

TamkenTckuit rocy1apcTBEHHbIA TPAHCIIOPTHBIA YHUBEPCUTET, TalkeHT, Y36eKucTan

AHHOTAIWNA

Kunrouessie cioBa:

1. BBeaenue

B YCIIOBHSIX
TpaHcopmalu - Bcex
3HAYMMOCTb NPHOOPETAET COBEPILEHCTBOBAHUE METOIUKU
[POrpaMMHPOBAHHUIO B

B ycnoBusax umdposuzaumu o0pa3oBaHHsS 0co0O€ 3HAYEHHE NPUOOPETaeT CO3JaHHE LEIOCTHON
CHCTEMBI, KOTOpast 00bEJUHACT COBPEMEHHbBIE TEXHOJIOTUH Pa3padOTKH MPOrpaMMHOr0 oOecreyeHus,
IMAAKTUYECKYI0 MOJENb ¥ METOAMKY MX BHEApeHHMs B y4eOHbIH mponecc. PaspaboranHas
IMAaKTHdeckas monenb Uil Kypca “MHQopManMoOHHBIE TEXHOIOTMHM B TEXHMYECKHX CHCTEMax”’
BKJIIOYAET B 0 1IeIeBOI, OPraHU3aLIOHHO METOI0JIOIMYECKUi, COIePKATENbHBII U AUArHOCTUYECKHUIT
0JI0KM M OIMpaeTcss Ha KOMICTCHTHOCTHBIH, CUCTEMHO NESTEIbHOCTHBIN, CIIMPAIbHBIA M MOJYJIbHBIH
noxxonpl. OHa peanu3yeT NPUHLMIBI  aJallTUBHOCTH, HAIJIIHOCTH, WHTEPAaKTUBHOCTH |
MEXIUCUUIUIMHAPHOCTH, a TakXke 00ecreunBaeT OOBbEKTHMBHOCTh JHArHOCTUKU 33 CYET CHUCTEMBI
KPUTEPUEB U WHIMKATOPOB, OTPAXAIOIIMX MOTHBALHUIO, CAMOCTOSTEIBHOCTD, TEXHUYECKYIO TOUHOCTb,
KPEaTUBHOCTb U HHTETPALMIO 3HAHUH.

muppoBusalys, 00Opa3OBaHUsA, COBPEMEHHbIE TEXHOJIOTHS, AWJAKTHYECKMH MOJeNb, METO/MKA,
nH(pOpMALMOHHAs TeXHOJIOrua. KoMneTeHTHOCTHOCTh

HOArOTOBKE  KOHKYPEHTOCIIOCOOHBIX  CIICLIHANHCTOB,
CIOCOOHBIX YCIIELIHO PaboTaTh B yCIOBUIX LIUPPOBOH

CTPEMUTEIBHOMI uudpooii
chep JOeATeTBHOCTH  OCOOYIO

9KOHOMUKM M BHOCHTb  BKJAaJ B
BBICOKOTEXHOJIOTUYHBIX OTpACIeil.
B mocnennue romet B PecnyOnuke Y30ekucran

pasBuTHEe

o0yueHus HMH)XEHEPHBIX
CIIEUANBHOCTSX. BpIcTpoe pa3zBuTHe TexHonoruii Tpedyer
oT  00pa3oBaTeNbHBIX  YUYPEKACHUH  PEryJsipHOTO
OOHOBJICHHSI Y4EOHBIX IJIAHOB ¥ BHEAPEHHUSI COBPEMEHHBIX
MOIXOJI0B,  OPMEHTHPOBAaHHBIX  Ha
npuMeHenue 3HaHui [Ommoka! UcTOYHMK CCHIKM He H
aiijieH. . Hcnons3oBanue
MPOrPaMMHO-IUIAKTHYECKUX CPEJICTB O0ecrieyrBaeT He
TOJIbKO GoJiee BBICOKOE Ka4ecTBO YCBOCHHUS MaTepHaa, HO
U GopMUpYyeT y CTYICHTOB HABBIKM KPUTHYECKOTO aHAJIN3A,

peann3yroTCs CTPaTernyecKye MPOEKThl, HAlPAaBJICHHbIE HA
(dbopmupoBaHue IHUPPOBOro OOLIECTBA U MOJCPHU3ALHUIO
cucteMbl BbIciiero obOpasoBanus. Ocoboe BHHUMaHHE
YIEIAeTCs MOArOTOBKE MHXKEHEPHBIX KaIpoB, CHOCOOHBIX

MPaKTUYECKOe sddexTuBHO HCTIOb30BATh COBpEMEHHbIC
HHGPOPMALHOHHO-KOMMYHUKAIIHOHHBIE TEXHOJIOTHH.
HMHHOBALHOHHBIX BaXHBIM  HampaBIEHHMEM CTAHOBUTCS  UM(POBU3ALMSL

00pa30BaTENILHOrO IPOLIECCa, BHEJPEHHE BIEKTPOHHBIX
miathopMm  u  OOHOBICHHE  METOAMK  OOydYeHws,
OPHMEHTHPOBAHHBIX HA MPAKTHYECKOE NPHUMEHEHHE 3HAHMIA.

CaMOCTOSITEJIBHOTO TIOWCKA pelieHnid U 3PPEKTUBHOTO Takum  oOpa3oM  aKTyanbHOM  3ajauell  sBIsAETCS
B3aMMOJICHCTBUA B KOoMaHie. Bc€ 310 cmocoOcTByer COBEPLICHCTBOBAHHE MPOTPaMMHO-UAAKTHIECKOTO
obecmeyeHus, o0ecreunBaromero pasBuTHe

a2 https://orcid.org/0009-0008-0994-9307
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KOMIIETEHTHOCTH B MPOTPaMMHPOBAHHM Yy OyIymIux
HMH)KEHEPOB.

B YCIIOBUAX CTPEMUTENBHOU g poBoit
TpaHcopmarn  Bcex cep AEATENBHOCTH  0coOyio
3HAYMMOCTh IIPUOOPETAET COBEPIICHCTBOBAHUE METOANKH
o0y4eHus MIPOrpaMMHUPOBAHUIO B WHKCHEPHBIX
CHenuaIbHOCTAX. BricTpoe pasBurHe TexHonoruii Tpedyer
oT  00pa3oBaTeNbHBIX  YUPEXKICHUH  PEryJsIpHOTO
O0OHOBJICHHS YYEOHBIX TUIAHOB M BHEIPEHHUS] COBPEMEHHBIX

MI0JIXO/I0B, OpUCHTUPOBAHHBIX  HA  IPaKTHYECKOE
npuMmeHenne 3HaHuK [Omnoka! McToOYHMK CCHIKH He H
aiifien. ]. HcnonezoBanue HMHHOBAIIOHHBIX

MPOrpaMMHO-AUJIAKTHIECKUX CPEJICTB 00ecleunBaeT He
TOJBKO GoJiee BBICOKOE KaueCTBO YCBOEHHUS MaTepHaa, HO
1 (pOpMHPYET y CTYIAEHTOB HaBBIKA KPUTHUECKOIO aHAIIN3A,
CaMOCTOSITETIFHOTO TIOWCKAa penieHuH ¥ 3P QEeKTUBHOTO
B3aUMOJICHCTBHSI B KoMmaHAe. Bcé 310 cmocobcTByer
MOATOTOBKE  KOHKYPEHTOCIIOCOOHBIX ~ CHELHAJINCTOB,
CHOCOOHBIX YCHEIIHO paboTaTh B YCIOBHSX LH(POBOIt
9KOHOMHKM W  BHOCHUTH  BKJaJ B  pa3BHTHE
BBICOKOTEXHOJIOTUYHBIX OTpacei.

B nocnemnue romel B PecnyOnmke Y30ekucraH
peaNTH3yI0TCs CTpaTerHYecKye NPOEeKThI, HAalpaBJICHHbIC Ha
¢dbopmupoBanre 1UPPOBOro oOIIECTBa M MOJECPHU3ALNIO
cucTeMbl  Bblcuiero o6OpaszoBanusa. Ocoboe BHHMaHuE
yIEIAeTCS MOJIrOTOBKE MHXKEHEPHBIX KaJpoB, CIIOCOOHBIX
sddexruBHO HCTIOJIb30BaTh COBPEMEHHBIC
nH(}pOPMAIIOHHO-KOMMYHHUKAIIHOHHBIE TEXHOJIOTHIH.
BakHpIM  HampaBlIeHUEM CTAHOBUTCS  IU(POBH3AIMSL
00pa30BaTeIbHOrO TIPOLIECCa, BHEIPEHUE OIIEKTPOHHBIX
miathopm u  OOHOBIEHHME  METOOWK  OOyYeHws,
OpPHEHTHPOBAHHBIX Ha MPAKTHYECKOEe IPHMEHEHHE 3HAHUH.
Takum  00pa3oM  aKkTyaJdbHOW  3ajgadedl  sBIseTCS

COBEpPIICHCTBOBAHUE MPOTrPaMMHO- I JAKTHIECKOTO
obecreuenys, 00ecreunBaroLIero pasBuTHE
KOMIIETEHTHOCTH B IPOrPaMMHUPOBAHMM y Oyaymux
HHXEHEPOB.

Paspemnienue BBISIBIICHHBIX HPOTHUBOPEUNH
npeosaract pa3paboTKy u BHEZIpeHUe

MPOrPaMMHO-ANJIAKTHYECKOr0  00ECIeYeHus,  KOTopoe
o0bequHseT B cede: AUIAaKTHIECKYI0 MOJIeIb, OCHOBAHHYIO
Ha KOMIIETEHTHOCTHOM I10JX0/1€; IIN(POBbIE HMHCTPYMEHTbI
BU3YyallM3allMM, IMATHOCTUKM M aJaNnTaluu  y4eOHOro
IpoLecca; CPEACTBA aBTOMAaTH3MPOBAaHHOTO MOHUTOPHHIA U
oOpaTHOU CBsi3M, oOecreyrBarone 0ObEKTUBHYIO OLICHKY
YPOBHS  DasBUTHS  KOMIIETEHTHOCTH M  HOJIEPXKY
WHIMBUY ATBHBIX 00pa3oBaTeNbHBIX TPaeKTOpHI
cryneHtoB. [lpoGnema pa3BUTHS KOMIICTEHTHOCTH B
[POrPaMMHUPOBAHUI y CTYyJICHTOB WHXEHEPHBIX
HAMpaBJCHUH I[IHPOKO OOCYKAAeTCsi B COBPEMEHHOI
Mearorndeckoii Hayke. KoMIETEHTHOCTHBIM MOAXOn,
3a()MKCUPOBAHHBIH B CTPAaTerHYeCKHX JOKyMEHTax u
0o0pa3oBaTeNbHBIX CTAHIAPTAaX, pPACCMATPUBACTCS, Kak
KIIFOYeBask METOJOJIOTMYECKas OCHOBA MOJEPHH3ALUH
BbICIIEro oOpa3oBaHus. Ero cymHocts 3akirodaercs B
OpHEHTAllMM Ha pe3yisrar —  (opMHUpoBaHHE Y
o0yuaromuxcsi CiocoOHOCTH MPUMEHSATH 3HAHUS, YMEHHUS U
JIMYHOCTHBIE Ka4eCcTBa B IPO(ECCHOHATIBHOI AeSTEIbHOCTH
[2].

OO0BeKT HccleoBaHusl — 00pa3oBaTeNbHBINA Mpolece
MOATOTOBKM OyIylIMX WHXEHEPOB, HAINpaBJICHHBIA Ha
pa3BUTHE KOMIICTCHTHOCTH B TNPOrPaMMHPOBAHMH B
yCIoBUAX 1B POBOI 00pPa30BaTEIHHON CPEIBI.

IIpenmer HCCIIEIOBAHUS —
MPOrPaMMHO-IUIAKTHYECKOE 00ecrieyeHre, BKIIIoYaoIas B
ce0st U poBbIe MHCTPYMEHTBI U UAAKTHYECKYIO MOJIEIIb,

UCIIONB3yeMOE  JUI1  pa3BUTHA  KOMIICTEHTHOCTH B
HpOrpaMMHUPOBAHUH Y OYIyIINX HHKESHEPOB.

2. MeToa0/10rusl HCCJIEIOBAHUA

Meronp! nccnenoBanust. [l pemieHus MOCTaBICHHBIX
3a/1a4 HCIIOJIB30BAIIUCh cleyoLye METOJBL:
Teoperuueckue — aHaIu3 ¢uocodckoii,
MICHXOJIOrO-NIeJarOTMIECKOH N METOIIYECKON JINTepaTypebl;
CHCTeMaTH3alysl HAy4YHBIX IIOJXOZOB; TEOPETHYECKOe

MozenupoBaHue. JluarHoctuyeckue — aHKETHUPOBAHHE,
TECTUPOBAaHMUE, OJKCIIEpTHAas OLIGHKA U  CaMOOLEHKa
CTYZAEHTOB. DMITMpHYECKHe — HaOIIoeHNe, MpOBeaeHNe

HEJaroru4eckoro  dKCIepuMeHTa, 0000lieHne  ormbITa
BHEIpEeHHWs  IU(QPOBBIX  pElIeHW B  HH)XXEHEPHOE
obpazoBanne. CTaTHCTHUECKHE — KOJMYECTBCHHAs U
KadecTBeHHasi 00paboTKa JaHHBIX, IPUMEHEHHUE t-KPUTEPHS
CTblOfIeHTa, KOPPEIAILMOHHOTO aHAIW3a U METOJOB
BU3YaITH3alUN pEe3yJIbTaTOB. Jnst obecrieyeHus
METOJMYECKON IEJTOCTHOCTH M HAay4HOH OOOCHOBaHHOCTH
paboTbl  ompejereHa  METOAONOIMYECKass  OCHOBA
uccieoBanus. MeToI0I0rH4eCKy0 OCHOBY HCCIIEIOBAHUS
cocraBmi: KOMIETEHTHOCTHBIN ITOJXOM, OMPEessIOmunit
OpHEHTAIMI0 00pa30BaTEeNBHOrO Ipoliecca Ha pa3BUTHE Y
CTY/ICHTOB CIIOCOOHOCTH TPHMEHATHh 3HAHUS W YMEHUS U
HaBBIKH B TPO(EeCCHOHANBHON AesiTenbHOCTH; CHCTEMHBII
HOJIX0/I, TTIO3BOJIAIONIMI paccCMaTpUBaTh MPOLECC Pa3BUTHS
KOMITETEHTHOCTH B TPOrPaMMHpPOBAaHMH KaK IEJIOCTHYIO
CHCTEMY, BKIIOYAIOLIYIO IIEJH, COJEpXKaHHWE, MeETOJpl,
CpeACTBa W  pe3ynbraThl; JleaTeNbHOCTHBIH IMOAXOJ,
JIeTIafoNIni aKIeHT Ha aKTUBHOW TO3UINH 00YJaIOIINXcs U
pa3BUTHH y HHX MPaKTHYECKUX HaBBIKOB
nporpamMMmupoBanus; [lonokeHus TEOpUM IO3TAITHOTO
(hopMHpOBaHUS YMCTBEHHBIX JICHCTBHH, oOecrieunBaromeit
HOCTETICHHOE OCBOCHHUE ITPOrPAMMHBIX U aJITOPUTMHUYECKUX
3HaHUH; COBpeMEHHbIE KOHLETIINH HU(POBOH MeIaroruKky,
PACKPBIBAIOLIME BO3MOXHOCTH HCIIOIb30BaHUs LH(PPOBBIX
00pa3oBaTeNIbHBIX ~ PECYpPCOB M MHCTPYMEHTOB U
WHIMBUIyaTn3auy o0yueHus [3].

Hayunas HOBHM3HAa WCCIENOBaHMS 3aKJIIOYAaeTCs B

ClIe Y IOLIEM:
OnpeneneHbl JMIAKTHYECKHEe BO3MOXKHOCTH
HPOTPaMMHO-/IUJAKTHIECKOTr O obecrieyeHus,

obecrieunBaroliie  pa3sBUTHE  KOMIIETEHTHOCTH B
HPOrpaMMHPOBAaHUH OYTyLINX HHKEHEPOB.

VYcoBepleHCTBOBaHA JMIAKTHYECKast MOJIEb,
pa3BHBaIOIas KOMIETEHTHOCTb B IPOrPaMMHPOBAHUU
OyIylIMX UHKESHEPOB.

YTouHeHO u 0OHOBIIEHO coJiep KaHue
MPOrPaMMHO-NUIAKTUYECKOTr0  00ecredeHust ¢ y4éToM
uudpoBoit 00pa3oBaTENbHOI Cpepbl.

DKCHEePUMEHTAIPHO TMOATBEPXKICHA I(PPEKTUBHOCTH
BHEJPEHHS, pa3pab0TaHHOT O IIPOrPAMMHO-JUAAKTHYECKOTO
obecneyeHus B yueOHBIH Mporiecc.

Ipaxruueckue pe3ybTaThl HCCIIeIOBAHMSL.
Iony4yeHHble HayuyHble BBIBOJBI HALUIM OTPAKEHHE B
00pa3oBaTeIbHON NpaKTHKE U O0eclevmin KOHKPETHbBIE
pe3ynbTaThl  BHEIPEHWs: pa3paboTaHO M BHEIPEHO
HPOrpaMMHO-/IUJAKTHIECKOE 00ECIIeUeHNe, BKIIIOYAIOIee
JNEKTPOHHBIN y4eOHHUK, [P POBbIE PECypChl U MIaTGopMy
B yueOHBI TMpoIecC WHXEHEPHBIX  HalpaBJCHUH;
HOJATOTOBJICHBl ~ METOJIMYECKHE  PEKOMEHIAIMH UL
nperofaBaTeneit TEXHUYECKUX JUCLUIUINH o
HCTIONIb30BaHUI0 U(POBON 00pa30BaTENIBHON CPebl ISt
nporiecca pa3BUTHH KOMIIETEHTHOCTH B
HPOTrpPaMMHPOBAHUH; co3zaHa u anpoOupoBaHa
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JUAaKTU4YCeCKass MOJICIIb, CHOCO6CTByIOH_IaH Pa3sBUTHIO
AJITOPUTMHUYCCKOI0 MBINUICHUA W NPAKTHUYCCKHUX HABBIKOB

MIPOrpaMMHUPOBAHUS y CTYZICHTOB WHXECHEPHBIX
HAIpPaBJICHUN.

Mertoauka

[loaroroBka OyAymMX CIEIHAINCTOB BO MHOTOM
3aBUCHT OT OS(Q(EKTHBHOTO BHEAPEHHS IHPPOBBIX
TexHojoru. Jius 3TOro  HEOOXOAMMO  IOBBILICHHE

KBATU(UKAIMK W TEPEIOATOTOBKH YUYHTENEH B CHCTEME
HENIPEPBIBHOTO ~ O0pa3oBaHMs, 4YTOOBI OHH  MOTJIH
ncnonb3oBath coBpeMeHnsle KT B y4eOHOM mporecce.
Oco60e BHIMaHKE Hy>KHO YICISTH CO3IaHUIO COBPEMEHHOI
00pa3oBaTeIbHON Cpelbl, BKIFOYCHUIO TPAJIUIMOHHBIX H
WHHOBAIIMOHHBIX ~ METOJOB, a  TaKXe  pa3BUTHIO
MEMaKOMIIETEHTHOCTH IIe1aroroB. B kauecTBe akTyanbHbIX
3a7a4 BBIIEIIIOTCS pa3paboTKa AIEKTPOHHBIX yYeOHMKOB,
pacImpenne qUCTaHIIMOHHOr0 O0YYeHHUS M MICTIOIb30BaHIe
KOMITBIOTEPHOTO ~ MOJICTIMPOBAaHUS.  TakuM  oOpasom,
HEOOXOIUM CHCTEMHBIH TOAXON K  [H(GPOBHU3AMUI

o0pa3oBaHus,  HalpaBiCHHbIi  Ha  (OpMUpPOBaHHE
KOHKYPEHTOCTIOCOOHBIX CIEIMAINCTOB [4].HEAOCTATOYHBII
YpPOBEHb

PaccmatpuBas npobiemMy (bopmupoBanus
KOMIIETEHTHOCTH Y Oy IyIINX HHXXEHEPOB CIEIyeT OTMETHTh
HEJOCTATOYHBIH ypPOBEHb MOATOTOBKH CTYAEHTOB U
HEOOXOMMMOCTh ~ aJanTallid Y4eOHBIX IporpamMM K
TpeboBaHmsIM  mHAycTpuu.  HeoOxomuma — cucrema
MOATOTOBKH, HalpaBJICHHAsI Ha pa3BuTHE
npodeCCHOHANBHBIX ~ HABHIKOB,  IIOBBIIICHHE  YPOBHA
KOMITETEHTHOCTH B 00J1aCTH ITpOrpaMMHUPOBaHus [6].

Hanee 1St paccMoTpeHus COBPEMEHHBIX
oOpa3oBaTeNbHEIX IUIAT(GOPM M IPOTPaMMHBIX CPEICTB
HIDKE TIPEe/ICTaBIICHA CpaBHUTENbHAs Tabmuna 1., B KoTopoit
CHCTEMaTH3UPOBAHBl UX KIIFOUEBBIE XapaKTepHCTHKU. OHa
OTpa)kKaeT CHIIbHBIE M CJIa0ble CTOPOHBI KaXKIOT0 PEIIeHH,
a TaKKe JEMOHCTPUPYET MEepCHEeKTUBHBIE BO3MOXKHOCTH
Pa3BUTHS M MOTEHIMAIBHBIE yIPO3bI, BELIBICHHBIE B XOJIE
SWOT-ananu3za.

Ta6auma 1

SWOT-anaan3 nporpaMMHOro odecnevyennsi, NpUMeHsIEMOr0 B Mponecce 00y4eHHsl MPOrpaMMHPOBAHHIO

IIporpammHoe CunbHbIE€ CTOPOHBI Cirabble CTOPOHBI BosmoxzocTu Yrpo3sl
obecrieyeHue
OmnnaiiH-oOyuenne 1 | JloctymHocts o0ydenust | OrpaHWYeHHOE JKUBOE Poct nnrepeca x VYeunenue

kypcesl (Coursera,
Udemy, edX,
Axanemus XaHa)

HE3aBUCHUMO OT
reorpapu4ecKkoro
TIONIOKEHUST; IMUPOKHIA
BBIOOP KypCOB IO
Pa3IMYHBIM TEMAaTHKaM
U YPOBHSM; THOKOCTb B
BBIOOpE TEMIIa OCBOCHHUSI
MaTepuaa; HaJu4ue
CepTU(HKATOB OT

B3aMMOJIEHCTBHE C
NpernoaaBaresieM; pUCK
CHIDKEHHSI MOTHBAIIMH Y
CTYACHTOB;
HEZI0CTAaTOYHO TITyOOKast
NpoBepKa 3HaHUI

JIMCTaHIIHOHHOMY
00y4eHHIO;
HHTETrpamus ¢
KOPIOPaTHBHBIMH
pOrpaMMaMH;
pasBuTHE
MHTEPaKTHBHBIX
¢dhopmaroB u
BHEIPCHHE

KOHKYPEHIIUH CO
CTOPOHBI OECIUIaTHBIX
pecypcos;
TEXHUYECKHE
TPYAHOCTH U
OrpaHUYeHHBIN
JOCTYI K MHTEPHETY
y 4acTu
HOJIb30BaTelICH;

BEIYILHX WU-nonaepxkn THOSIBJICHUE HOBBIX
YHUBEPCHUTETOB U matdopm ¢ Gonee
KOMITaHHUH BBITO/IHBIMU
YCIIOBUSAMHU
OO0yueHue [IpaxTuueckas Bricokue TpeboBanus k| Poct unTepeca k Brictpoe
[POrPaMMHUPOBAHUIO | HAINPaBIEHHOCTb U CaMOOpraHHU3aliy; npodeccusm B yCTapeBaHue
(Codecademy, HHTEPaKTUBHOCTB; OrpaHHYeHHAs! coepe IT; TEXHOJIOTHH;
freeCodeCamp) Hayuuue OSCIUIaTHBIX U | MOJAEPIKKA CO CTOPOHBI | BHEIPEHHUE KOHKYpPEHLIHsI CO
IUIaTHBIX KYPCOB C HperiojiaBarenei; redMuduKamu u CTOPOHBI
peaJIbHBIMU [IPOEKTaMU; | CIOKHOCTH JUIs NN nns o(aitH-KypcoB u
peryiaspHoe OOHOBJIEHHE | HaYMHAIOLIMX Oe3 aJIalITHBHOTO YHUBEPCHUTETOB; PHCK
KOHTEHTa B 6a30BbIX 3HAaHUI o0yueHus; MOSIBJICHHS
COOTBETCTBHUH C COTPYAHHYECTBO C HHM3KOKa4YeCTBEHHOTO
COBPEMEHHBIMH KOMIIAHUAMU 15 WU
TEXHOJIOTUSIMU TPYIOYyCTpOHCTBA MOILIEHHUYECKOTO
BBIIIYCKHHKOB KOHTEHTA
Cucremst LenrpanuzoBanaoe CnoxHoctu BHeApeHus: | Pacmmpenue Konkypenuus mexmy
yIpaBIeHHs yIpaBieHHe y4eOHbIM U HaCTPOHKHY; NPHUMEHEHUS iaropMamu;
obyueruem (LMS) TIPOLIECCOM; UHTETpaLUsl | HEOOXOIMMOCTh JCTAHI[MOHHOTO U | OBICTPbIC M3MEHEHUSI
(Moodle, Google C IPYTUMH TEXHUYIECKO THOPUTHOTO 00pa3oBaTebHbBIX
Classroom, Canvas) 00pa3oBaTeTbHBIMH MOACPIKKH U 00yueHust | 0OydeHws, CTaHJapTOB;
CEpBUCAMM; MOJVICPXKKA | MEpPCOHalIa; BOSMOXKHBIE | HCIIOJIb30BaHHUE BEPOSITHOCTD

pas3nuuHbIX GopMaroB
KOHTEHTA M OLICHHBAHMUSI

PHCKH JUTS
0€30IMaCHOCTH JAHHBIX

a"HanuTuku u U1
s
MePCOHATM3AIIH;

TEXHUYECKUX COOEB 1
YS3BUMOCTEN
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pas3BuTHE
WHTEPaKTUBHBIX U
KOJIJTa0OpaTHBHBIX
dyHKIHI

HucTpymenTs! st Y1noOCcTBO MpOBENEHHUS

JMCTaHIIMOHHBIX OHJIAMH-3aHATUN U
3aHATUH U BCTpPEY; BBICOKOE
BH/ICOKOH(EPEHINI | KadecTBO ayauo- U

(Zoom, Microsoft
Teams, TrueConf)

BUJICOCBA3U,
UHTErpanus ¢
KaJICHAapsAMU U

3aBHCHMOCTE OT
CTa0MIILHOTO
HHTEPHET-COEIUHEHHS;
OrpaHHICHUS
OecIuaTHBIX BEPCHIL;
BO3MOXKHBIE IIPOOJIEMBI C
0€30MacCHOCTBIO K
KOH(HIEHIINATIBHOCTHIO

Poct momynsipHoCcTH
THOPUTHOTO
o0y4eHus,
pa3paboTKa HOBBIX
¢$yHKOMH 171
HMHTEPaKTUBHOCTH;
unrerpanus ¢ U
JUISL aBTOMaTH3aLiH
U aHaJM3a 3aHATUI

Korkypenuus co
CTOPOHBI HOBBIX
TEXHOJIOrui
(VR/AR); pucku
YTCUKU JaHHbIX;
«yCTaJIOCTh»
[OJb30BaTeNel OT
MIOCTOSHHBIX
BH/IeOKOH(epeHIiH

00pa3oBaTeIbHBIMHI

aTopMamMu
OO0pa3oBarebHbIC ITepconanu3upoBaHHbII
Al-npunoxenust MOAXOJ K 00yUYEHHIO;
(Squirrel Al aBTOMaTH3alus
aBTOMaTH3aIIHs PYTHHHBIX 33/1a4

TIPOBEPKH 3a/IaHMI) (TIpoBepka, OIeHKa);
BO3MOXXHOCTH aHaJIH3a
OOJBIIIMX MacCUBOB
JIaHHBIX 00

ycneBaeMoCTU

BhIcOKast CTOMMOCTb
BHEJIPCHHS,
HEOOXOIMMOCTh
Ka4eCTBEHHBIX
00yJaronyx JaHHBIX;

Pazpurue
aJ[anTHBHOTO U
HMHKJIFO3UBHOTO
o0yueHns;
WHTETPAIHs C

DTHYECKHE BOIPOCHI
U OMaceHusl 110
MOBOIY
NPHBaTHOCTH;
HEI0BEpHE K

pHUCK OMUOOK 1 JPYTHMHA ABTOMAaTHUYECKUM

HEeCIIPaBeJIMBbIX 00pa3oBaTebHBIMU | OLIGHKaM; OBICTpOE

OLICHOK cHCTeMaMy; ycTapeBaHHe
CO3JaHNE HOBBIX TEXHOJIOI i
¢dopmatos HCKYCCTBEHHOTO
o0y4eHHs Ha HHTEJUIEKTa
ocHose UM

SWOT-ananu3 mokassIBaeT, 4TO KaXKaA0€ IPOrpaMMHOE
CPEICTBO UMEET CBOH CHIIBHBIC U CJIA0bIe CTOPOHBI, @ TAKKE
MEePCIeKTHBbl  Pa3BUTHsI M PHCKM HPUMEHEHHS B
obpasoBatensHOil cpeme. OpHako camu 1o cebe 9TH
MHCTPYMEHTBI ~ HE  peIlaloT  3aJadyy  [OATOTOBKHU
CMICLHANKCTOB: HMX LEHHOCTh B TOM, 4YTO, KOrJa OHHU
CTAQHOBATCS YacThIO y4eOHOro MpoIecca, OHH MOMOTAIOT

pa3BHUBAThH npohecCHOHATBHBIC KOMITETEHIIHH,
HEo0XoAuMbIe OyIyIIeMy CHEHUaIuCTy. B 3TOM KOHTeKcTe
OCOOCHHO ~ BaXHBl  KCCICNOBAaHMS,  MOCBSILIEHHBIC

TpeOoBaHUsAM K OyayunmMm urxeHepaM. Tak, [laBblmoBckast
B.B. u Epumunmk W.A. [6] oTMeHaroT, 4TO CTYASHTHI
CTPOUTENBHBIX  CIELMAJIbHOCTEH  JIOJUKHBI  OBJIAJIETh
HAaBBIKAMU PELICHUS TEXHUYECKHMX 3ajay, HEOOXOAMMBIX
st Oyaymied npog)ecCHOHANIBHOM JIesTebHOCTH. Peub
uaéT O NPAaBWIBHOM ONPENENCHHH MAallMHOEMKOCTH
CTPOMTENBHBIX  MPOLECCOB, pacuyére NOTpeOHOCTH B
pabouux, MalllMHaX, MEXaHU3Max M MaTepuaiax, noacuére
00bEMOB  pabOT ¥ COCTABJICHHHM TEXHOJOIMYECKHX
onepauuii. Kpome TOro, uHXEHepbl [IOJKHBI yMETh
000CHOBaHHO BBIOMPATh METO/IBI BBIIIOJIHEHHS POLIECCOB U
CIPABIATBCA € COMYTCTBYIOLMMHU 3anadamu. Ceronss
TaKkue  pacyéThl M aHAIM3bl  [PEUMYLIECTBEHHO
BBIIIOJIHAIOTCS € KCIIOJB30BAaHHUEM KOMIIBIOTEPOB U
CIIeLHATM3MPOBAHHBIX NPUKIAAHBIX mporpamm — Excel,
Maple, MathCAD, MATLAB.

CoBpeMeHHasi MOArOTOBKA WH)XEHEPOB MpEIojaraet
CHCTEMHBIH ¥ KOMILIEKCHBIH MOAX0A K (OPMUPOBAHUIO HX
npodeccroHaIbHBIX KOMITETEHIIU B obmacti
nporpaMMupoBaHus. OJHMM M3  KJIIOYEBBIX  YCIOBHH
JNOCTIDKCHUSI ~ 9TOH  1enum  sBisiercs  paszpaboTka
CIELMATU3UPOBAHHOTO HPOrPaMMHO- T JAKTHIECKOTO
obecredeHus, KOTOpoe COCOOCTBYET HE TOJIBKO YCBOCHHIO
3HaHUH, HO U ()OPMHUPOBAHUIO MPAKTUYECKUX HABBIKOB U

YMEHUH, HEOOXOIUMBIX It
UH)XCHEPHBIX ~ 3aJa4  C
HPOrpPaMMHPOBAHHS.

peuieHuss  IMPUKIJIAJAHBIX
HCIIOJIb30BAHUEM CpeAcTB

TexHomorun co3jaHus  MOJOOHOrO  OOECIeUEeHHS
OXBaTBIBAIOT LIMPOKUH CIIEKTP HAIpaBJICHUH: OT BbIOOpa
OITUMAJIBHBIX A3BIKOB HPOrpaMMUPOBAHUS u
HUHCTPYMEHTOB Pa3pabOTKH /10 BHEAPEHUSI UHTEPAKTUBHbBIX
METOAUK OOy4YEeHMS M CHCTEM aBTOMATH3MPOBAHHOIO
KOHTPOJIA  KadecTBa  3HAHUM  CTyIeHToB.  Takoil
KOMIUIEKCHBIH ~ 1oJxon — oOecrieyuBaeT HE  TOJBKO
noBbilIeHHe 3()GEKTUBHOCTH 00pa30BaTENbHOrO Ipolecca,
HO M €ro COOTBETCTBHE COBPEMEHHBIM TPEOOBaHHUAM
1 pOBOit SKOHOMHUKH.

B ycioBusX CTpEeMUTENBHOrO pa3BHTHS LU(PPOBOI
JKkoHOMUKH PecryOnuka VY30ekucTaH npeanprHUMaeT

MaclTabHble  IIark [0  MOJEPHHM3AlMH  CHCTEMbI
oOpasoBanmsi. [naBHas wenb JTHX —HpeoOpa3oBaHUil
3aK/II0¥aeTcss B IOJATOTOBKE  CHELHAIMCTOB  HOBOIO
TIOKOJICHHS, CIIOCOOHBIX YBEPEHHO MPUMEHSTh
COBpeMEHHbIe  MH(GOPMAIMOHHBIE  TEXHOJNOTMH U
IIPOrpaMMHbIe cpencTBa B npodeccroHaNbHOM

JeATeNbHOCTH. BaskHBIM OPUEHTHPOM B 3TOM HaIpaBJICHUN
cran Yka3 Ilpesumenra Pecnybnuku Y30ekuctan oT 5
okrsiops 2020 roma Ne VII-6079 «OG6 yTBepikaeHUU

Crparerun "Ludposoit V3bekuctan — 2030"». B
COOTBETCTBUM C JIaHHBIM JIOKYMEHTOM  PEalTU3yeTCs
KOMIUTEKC MEpOIPUATHH, HapaBJICHHbIX Ha

udpoBusaiio Beex chep, Biarodas oopazosanue. Ocoboe
BHUMaHHE YIESIETCS MOATOTOBKE KBAIH(MHUINPOBAHHBIX
KampoB B 00MacTd HMHGOPMALMOHHBIX TEXHOJOTHH,
BHEJIPCHHIO COBPEMEHHBIX O00pa30BaTENbHBIX MPAKTHK U
CO3IAHMIO MHHOBAIMOHHBIX MPOrPaMMHO-IHIAKTHIECKUX
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CPEZICTB, CIIOCOOCTBYIOIIMX PA3BUTHIO KOMIIETEHTHOCTH B
MIpOorpaMMHUpPOBaHKH [7].

OpHOM 13 BaXKHBIX 3a]a4 IU(POBHU3AINN 00pa30BAHUS
SIBJIICTCS.  CO3JIAHHE  OJICKTPOHHBIX  00pa30BaTENbHBIX
pecypcos, U(PPOBBIX JTAHHBIX, AIIEKTPOHHBIX
SHIMKJIONCINH, WHTEPAKTUBHBIX OOYYAIOIIMX CHCTEM,
CPEICTB  ABTOMATH3MPOBAHHOIO  KOHTPOJII  3HAHHIA
CTYIEHTOB, a TaKXe€ EJUHOr0 KOMIUIEKCA IPOrpaMMHO-
METOMYECKUX MAaTePUAOB, BKIIOYAOIIErO JJICKTPOHHBIC
yueOHUKH, TPEHAXEPHI W BHPTYaJbHBIC J1a00paTOpHU Ha
00pa30BaTeNbHBIX HopTaax. CoBpeMeHHbIe
BBIYHCIIUTENIbHBIC TEXHOJOTHH, BHEIpSEMbIC B y4eOHbIN
IPOLIECC, CTAHOBATCS OCHOBOM 111 (pOPMHUpOBAHUA
mdpoBbIX  00pazoBaTeNbHBIX IUIATGOpM B yUEOHBIX
3aBegeHwsix [8]. Ilpm oOydeHMm mporpaMMHpPOBaHUIO C
UCHOJB30BaHAEeM IU(MPOBBIX 00pPa30BaTENBHBIX MIAaTHopM
IJIABHOE 3HA4Y€HHWE MMeeT pa3paboTka M BHEIpPEHHE
CIIeHAIM3UPOBAHHOTO  NPOrPaAMMHOTO  0o0ecredeHus,
METOMYECKUX MaTepHalioB, IEKTPOHHBIX YYEeOHUKOB, a
TaKKe WHTCPAKTHBHBIX TPEHAXEPOB M BUPTYAIbHBIX
CTEeHJI0B. YueOHble MaTepuaibl, INpECTAaBICHHbIE Yepe3
w1athopmy, JOJKHBI OBITh JOCTYITHBIMH U TIOHSITHBIMH JUIS
cTyzeHToB. VX cTpyKTypa Jo/KHa 00ecreunBarh yj00CcTBO
BOCHPHSATHS U TIOCJIC/IOBATEIBHOE YCBOCHUE COJCP)KaHMUS.
PexomeHyeMble pecypehl BKIIFOYAIOT YETKHE ONpeiesIeH s,
KJIFOYEBbIE TEPMHHBI M TPHMEPbI, CIOCOOCTBYIOIIHE
s dexTuBHOMY MPOBE/ICHUIO MPAKTHYECKHUX "
112a00paTOPHBIX 3aHATHH. Opranuzanus JIEKIUH,
MPaKTHYECKUX W JTaOOPATOPHBIX 3aHATHIl 110 JHCIUILIHHE
«MHbOpPMAIMOHHBIE ~ TEXHOJIOTMH B TEXHHYECKUX
CHCTEMax» C HCIoab30BaHueM IudpoBor mmIaTdopmbl
OTKpPBIBACT IIMPOKHE BO3MOXKHOCTH Ul (hOPMHUPOBAHUSA
KOMIIETEHTHOCTH CTYZAEHTOB. [IpuMeHenune miatdopmbl
MO3BOJISIET OTKA3aThCs OT JAOPOrOCTOSIIEro 000pyA0BaHUs,
MEYaTHBIX Y4eOHMKOB ¥ TPAJMLMOHHBIX HArJAIHBIX
MarepuaiioB. JIaGopaTopHsie pabOTbl MOI'YT BBIIIOJIHATHCS B
(dbopmaTe aHMMaLMii 1 HHTEPaKTHBHBIX JIEMOHCTPALUH, YTO
o0ecrieunBaeT JACTANBHYI0 BHU3YyalM3alMI0 IPOLECCOB U
AJITOPUTMOB.

Kpome Toro, mmarpopma coszmaér ycmoBus s
CaMOCTOSITEJIHOT'O OCBOCHHS MaTepyaa B y100HOe Bpems,
BKJTIOUAsl JOMAIIHIOI Pa0doTy U AWCTAHIIMOHHOE 00y4YeHHe,
COXpaHss IPH 3TOM METOIMYECKYIO LEJIOCTHOCTh Kypca.
Opranuszaiust y4yeOHOro Ipouecca C HCIOJIb30BaHUEM
00y4Jarommx wiathopm nMeer CyILIECTBEHHBIE
NPEeUMYILIECTBA 110 CPaBHEHUIO C  TPaJUIMOHHBIMU
metonamu. CoBpeMeHHbI (opMar Mojavyud MaTepuaioB
MO3BOJISIET MpernoiaBaTeio 3QPEKTUBHO CTPYKTYPHPOBATh
U OOHOBIATH COZAEPIKAHHE Kypca, a CTYASHTBI MOJIyHaroT
BO3MOYHOCTb MHOT'OKpPaTHOT O IpOCMOTpa U
HUHTEPAKTHBHOI'O B3aUMOJICHCTBUA C KOHTEHTOM, 4TO
crnocoOcTByeTr Oosiee  TIyOOKOMY YCBOCHHIO —3HAHUIA
ITpuMeHeHre MyJIBTUMEIUIHHBIX CPECTB — BUJIEO, AYAHO U
aHMMAalMK —  JeNaeT  3aHATHd  HaNIAHBIMH U
HUHTEPECHBIMH, a CETEBble TEXHOJIOTUH O00eCIeunBatoT
MacCOBBIH JOCTYH K pecypcaM H IIO3BOJIIIOT 00yd4aTh
CTYZICHTOB U3 Pa3HbIX IPYII U ayJUTOPHI OJHOBPEMEHHO.
[Tnatdopma moep)KUBaeT TUCTAHIIMOHHBIN U CMEIIAHHBII

(hopmartsl, co3maBas THOKOCTh 00pa30BaTEIHLHOTO TPOIIecca,
a BCTPOCHHBIE WHCTPYMEHTHI KOHTPOJISI 3HAHUH — TECTHI,
3aJaHUsl U aHAJUTHYECKUE OTUYETHI — JAIOT BO3MOKHOCTH
OTCIIEKUBATH WH/IUBUTyaTbHBIN mporpecc.
JIoTOTHUTETBHBIM MIPEUMYIIIECTBOM SIBJISICTCS
MepcoHANM3aysl  OoOy4deHus: miarpopMa  yYUTHIBAET
YPOBEHb MOJTOTOBKH U OCOOCHHOCTH KaXKJIOTO CTYJICHTA,
YTO JIeNIaeT Tporece GOpMUPOBAHUS KOMIIETCHITUIA OoJiee
3¢ PEeKTUBHBIM.

dopMmHIpoBaHUE TPAKTHIECKUX HABBIKOB ITOJIJIEP’KIBACT
OJIOK HMHTEPaKTHBHBIX HHCTPYMEHTOB, BKJIIOUArOIINI
3aJaHusl pPa3HOTO YPOBHS CIIOXKHOCTH, TECTHPOBAHHUE,
BU3yaIN3alUI0 aJTOPUTMOB M IOIIArOBBIE HHCTPYKIMH.
BapuaTtuBHOCTb 3a1aHUIT TO3BOJISIET a1alITUPOBATH IIPOLIECC
0] YpOBEHb TMOATOTOBKH CTYISHTOB, a BHU3YaJbHBIE
CpPE/CTBa CIIOCOOCTBYIOT JIyYIIeMy ITOHUMAHHIO JIOTHKH
nporpaMM.  DPPEKTHBHOCTH pabOThl €  KOHTCHTOM
ompeneisiercss KadecTBOM — HMHTepdeiica:  amanTHBHAS
MOOHJIbHAS Bepcusl, yI0OHas HaBUTALMsl M CHHXPOHM3AIHSL
JAHHBIX CO3JAIOT YCJIOBHS UL HEIPEPHIBHOTO OOyYCHUS.
IIpomymanHast CTpyKTypa CHIDKaeT KOTHUTHBHYIO Harpy3Ky
u hopmupyeT ycToiunBble yueOHble pUBBIYKHA. KoHTpOIh
YCBOGHHS MaTepHalla pean3yeTcs dyepe3 CpeCTBa OLCHKH
— TEeCTbl, aHAJIN3 Pe3yJIbTaTOB M OOpaTHYIO CBS3b. JTO
MOMOTaeT TIPEo/IaBaTeNll0 KOPPEKTUPOBATh IpoIecc, a
CTyAEHTaM  OCO3HaBaTh COOCTBEHHBIE  JIOCTYKCHHSL.
3aBepmatonuii  OJIOK — KOMMYHHUKAIMsl: BCTPOCHHBIE
crpaBouHble Marepuaibl, FAQ ¥ uaTel o0ecrednBaroT
MOCTOSIHHOE ~ B3aUMOJICHCTBUE, (OpMHpPYIOT — ydeOHOe
coOoO0IIEeCTBO M THOAJEPKUBAIOT MOTHBAIMIO. Bce O10KM
0o0pa3yloT 3aMKHYTBHIH LUK OOYYeHHs: OT ITOJIyYeHHUs
3HAaHMH K MX 3aKPEIUICHHIO, OLEHKE M KOPPEKTHPOBKE
TpaekTopud. MogynpHast — CTpyKTypa  oOecrieumBacT
rMOKOCTb ¥ aJaNTHUBHOCTh  CHCTEMBI, TapaHTHpYs
METOINYECKYI0 LEIOCTHOCTh M YCTOHUMBOE pPa3BUTHE
KOMIIETEHTHOCTH B IPOTrPaMMHUPOBaHUU.

Takum 00pa3oM, apXUTEKTypHas MOJEIb IUIaT(HOPMbI
UHTErpUpyeT 00pa3oBaTeNbHBI KOHTCHT, MHTEPAKTHBHBIC
UHCTPYMEHTBI, CpEJCTBA OIEHKHM M KOMMYHHKAalUH B
€IMHBIM TEXHOJIOIMYECKHI KOMIUIEKC, MOAAEPKUBAIOMINI
HeNpepbIBHbIN 1Mk  oOydeHus. OIHAKO apXUTEKTypa
3a7aéT JHIIb TEXHUYECKUE BO3MOXKHOCTH; MX pealu3alus
TpeOyeT Meaarorn4ecKor JIOTMKHU, KOTOpas OTpakaercs B
JIUIAKTHYCCKOM MOJISTIH, OIKCHIBAIOILCH eIy,
CoZIep KaHHe, METO/IbI U CpeJicTBa 00y UCHUS.

3. Pe3yabTarhl U 00CyxKaeHHE

DddexruBHoE BHEJ[PEHHUC
POrpaMMHO-IHIAKTHIECKOr0 00ECTIeYeHUsT B HHKCHEPHOS

oOpa3oBaHue TpedyeT COOMIOICHUS KOMILIEKCa
METOIMYECKUX YCIIOBUH, o0ecrneunBaroIIx
JHMIAKTHYECKYIO LIEIIOCTHOCTB, TEXHOJIOTHYECKYIO

peanu3yeMocTh M COOTBETCTBHE  TI'OCYAapCTBEHHBIM
00pa3oBaTeIbHBIM CTaHAAPTaM.
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Puc. 1. 3arpy3ka Hy’KHOW NPAKTHYECKOIi padoThI U3 IIIATHOPMBI
Orn ycIoBuUs OXBaTBIBAIOT Pesyabrar
OpraHU3alMOHHO-TIE/IATOTMYECKHe, TEXHOJOTHYEeCKHe U Meronuka COBEpILICHCTBOBAHYS IIPOrpaMMHO-
coziepKaTebHbIe acHeKThl, (OPMHUPYS EAUHYI0 CHUCTEMY JHUJAKTHYECKOro oOecrieyeHus, MHTEIPHPOBaHHas B
TIOAEPKKI yueGHOrO mporecca. nu(ppoBy0  00pa3oBaTENbHYIO CpeAy JUIl  Pa3BUTHSA
IporpaMMHO-MIAKTHYECKOE OOecreueHne JOKHO OBITh KOMIIETEHTHOCTH B IIPOrPaMMHPOBAHMH Y CTYJCHTOB
BCTPOGHO B Y4eOHBIH mpouecc Kak (YHKIMOHAIBHBIN WHXEHEPHbIX HANpaBJICHWH, B XOJe IPOBEJIEHHBIX
KOMIIOHEHT JMJAKTHYECKOH CHCTEMBI. JTO IIpenojaraer UCCIeNOBaHMI  Oblla  OLEHEHa O  KPUTEpHAM
COOTBETCTBUE LU(PPOBBIX MHCTPYMEHTOB LIEJISIM U 3a]a4aM 5(Q(hEKTUBHOCTH:  CAMOCTOSATENBHOCTh,  KPEaTUBHOCTS,

JMCLMIUIMHBL, UX CIOCOOHOCTh PEalIM30BBIBAThH KIIOYEBbIC

GbyHKIMK  00ydeHus MOTHBALIMIO, BU3YaIH3aLHIO,

KOHTPOJIb, PE(ICKCHIO U MPOEKTHYIO AESTEIbHOCTb.
JoMaiHee 3ajaHue: NPOCMOTPETh BHJIEO-YPOK 11O

MpakTH4eckod  pabore B mmarpopme  “ITTS”.
O3HaKOMHTECS €  TpeGoBaHMAMH K  OGOPMICHHIO
[PAaKTUYeCKOH pabOTBl M  YEK-TUCTOM U1  OLEHKU

npakTrdeckor padotsl B “ITTS”. IloarotoButs oTYET MO
MPaKTHYECKON paboTe B COOTBETCTBHU C TPEOOBAHUSIMU U
BBIIIOJIHEHHBIMU BapUaHTaMU 3aJaHui. bBBITH rOTOBBIM K
orpocy.

pedekcuBHOCTh, KOMMYHHKaTHBHOCTb.

C y4éToM MaHHBIX KpHUTEpPUEB OBUIM ONpE/CIICHBI

CJIEYIOUINEe YPOBHM OLIEHKH: 5 — BBICOKHIA, 4 — cpeHU,
3 — HU3KHH.
Ha ocHOBe yKa3aHHBIX KpUTEPHEB M YPOBHEH ObLIM
HOJIy4eHbl KaK IpeJBapUTEIIbHbIC PEe3YJIbTaThl OMBITHO-
9KCNEPUMEHTAIIbHBIX paboT, TaK U HTOrOBbIE PE3YJIbTAThI Ha
3aKJII0YUTEIILHOM JTare. [MonyuenHble JIaHHBIE
NPeJICTaBICHbl HIKE M IOJBEPTHYTHI CPABHUTEIBHOMY U
CTaTUCTHYECKOMY aHAJIU3.
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ByxapcKuit rocyaapcTBEHHbIN yHUBEpPCUTET
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20,0% 21,4%

71%.. B I 95%lI n I
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20,0%

PednekcmBHOCTb

M cpegHuUii M HU3KUI

Puc. 2. Ho.nyqeﬂﬂue pe3yJbTaThbl 110 NPOLUEHTHBIM IIOKa3aTEeJIAM YCBOCHHUA OTPAXKEHbI HA CJIeIYIOIIUX JHarpaMmmMax

o TeEME “MeTtoauka
MPOTPAMMHO-IUAAKTHIECKOTO

B HCCIEIOBaHUIX
COBEPILICHCTBOBAHUSA

obecrieueHus, HWHTErPUPOBAHHOTO B uudpoByro
00pa30BaTENBHYIO CPEe/y, AT PA3BUTHSI KOMIIETCHTHOCTH B
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IIPOTPaMMHUPOBAHII y CTYICHTOB HH)KEHEPHBIX
HamnpaBJeHHui” OBLIM HPEICTaBICHBI CPETHUE IMOKa3aTeln
YCBOCHUSI IO KPUTEPHSIM, OTIPEICISIONINM 3()PEKTUBHOCTb,
a TakKe TarpaMMbl pe3yIbTaToB dQQEKTUBHOCTH.

4. 3akao4YeHue

TakuM  00pa3oM, pe3ysibTaThl  TPEThEW  IJIaBbI
yOeIUTENbHO JIEMOHCTPUPYIOT —IEPEXOA  OT  PaBHBIX
CTapTOBBIX  YCJIIOBHH K  CTAaTHCTHYECKH  3HAYUMBIM
pasIHUmsIM, MOATBEPIKIAOIIUM PE3yIBTaTUBHOCTH
peyIoskeHHOW MeToauku. OHa 00ecrieunBacT MOBBIICHHUE
KayecTBa YCBOEHHS 3HAHWH, pa3sBUTHE  KIFOYEBBIX
KOMIICTEHIIUI B TMPOrPaMMHPOBAHUU WM CHIDKEHHE JOJIK
CTYJICHTOB C HH3KHM YpPOBHEM MOATOTOBKH. HamGombrmii
a¢dekT MeToanKa oKazala Ha pa3BHTHE pe(IEKCHBHOCTH,
YTO CBHIETEIBCTBYET O €€ CIOCOOHOCTH (HOPMHPOBAThH
HaBBIKY aHAJIN3a, CAMOOIIEHKHM M KPUTHYECKOTO MBIIIIIEHHS.
B memom mpoBenéHHOe WCCIEIOBaHUE ITOATBEPXKIAET
HAay4YHY0 OOOCHOBAHHOCTh M TIPaKTHYECKYK LEHHOCTh
pa3paboTaHHOW  METOJWKH, KOTOpas MOXeET  ObITh
pEKOMEH/IOBaHa I BHEIPEHHWS B 00pa30BaTesbHBIN
MPOLECC MHXCHEPHBIX HAMpPABICHHH.
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Influence of a truncated conical elastomeric element on rotor vibrations in a
bearing support

Sh. Makhmudoval®?, A. Juraev*®P
Tashkent state transport university, Tashkent, Uzbekistan
2Tashkent Institute of Textile and Light Industry, Tashkent, Uzbekistan

Abstract: The paper investigates the influence of a truncated conical elastomeric element embedded in a bearing
support on the vibrational behavior of a rotor system. A dynamic model of the “rotor—bearing—support”
system is considered, taking into account the elastic and damping properties of the elastomeric layer and
the asymmetry of the rotor’s center of mass. Based on Lagrange’s equations of the second kind, an
equation of forced vibrations is obtained, and numerical modeling of amplitude—frequency and transient
characteristics is performed. It is shown that the use of a conical elastomer leads to a reduction in
resonance amplitudes, a shift in the critical frequency, and an increase in the dynamic stability of the
system.

rotor system, bearing support, elastomeric element, truncated cone, rotor vibrations, damping, critical
frequency
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Bausinue yce4éHHOro KOHM4eCKOro 3JIaCTOMEPHOro 3JIEeMEHTa HA BUOpauuu
poTopa B NOXIIMIIHUKOBOH omope

1 2
Maxmynaosa II1.102, Jlxkypaes A 200
TamkenTckuit rocyIapCTBEHHBIN TPAHCIIOPTHBIH YHUBEPCHTET, TalkeHT, Y36eKucTan
’TamKeHTCKuit UHCTHTYT TEKCTHIBHOW ¥ JIETKOHM MPOMBIIUIEHHOCTH, TalKeHT, Y30eKkucTan

AHHOTaINUA: B pabote uccnemyercs BIMSHHE YCEUEHHOTO KOHMYECKOTO 3J1aCTOMEPHOIO JIEMEHTa, BCTPOSHHOTO B
HOJIIMITHUKOBYIO OIOPY, Ha BHOpalMOHHOE MOBEJECHHE POTOPHOI cucTeMbl. PaccMoTpeHa
JMHAMHYECKass MOJEIb CHCTEMbl «POTOP—TIOAIIMITHUK—ONOPay, YUYHUTHIBAIOIIAs yNpyrue U
neMrpupyoIie CBOMCTBA IACTOMEPHOrO CJI0S M aCMMMETPHUIO LIeHTpa Macc portopa. Ha ocHose
ypaBHenuil Jlarpamwxa II poma momy4eHO ypaBHEHHME BBIHY)KICHHBIX KOJE€OAaHHMH M BBIIIOJIHEHO
YHCIICHHOE MOJICJIMPOBAHNE aMIUTUTYIHO-4AaCTOTHBIX M NMEPEXOJHBIX XapakTepucTHk. [TokazaHo, 4TO
HNPUMEHEHHE KOHUYECKOro 3J1acTOMEpa IPUBOIHUT K CHIKCHHIO PE30HAHCHBIX aMILIMTY]], CMELICHUIO
KPUTHUYECKON 4acTOThI U TIOBBIIICHHUIO JUHAMUYECKOH YCTOHYNBOCTH CHCTEMBI.

KintoueBble cioBa:  pOTOpHast CHCTEMa, MOIUIMIIHUKOBAs ONOPA, 3JIACTOMEPHBIH 3JIEMEHT, yCeYEHHBII KOHYC, BHOpaIMu

potopa, nemnpHrpoBaHue, KPUTHUECKas 4acToTa

JMHAMHYECKYIO MOZEIb «UIECTEPHS-NOIIUITHUKY,
HPOIEMOHCTPUPOBAB TECHYIO CBsI3b MEXITY
HOBPEXKJICHUAMH 3yOuaThIX Imepefady U JIOKAIbHBIMU
nedektaMd TMOALIMITHUKOB, a TaKKe HMX COBMECTHOE
BIMSHAE Ha BHOpPAlMOHHBIA CHEKTp cuctemsl [4]. Ot
pe3yJibrarhl  IOJYEPKHMBAIOT, YTO MOMAIIMITHUK CJIEIyeT
paccMarpuBaTh He KaK M30JIMPOBAHHBIN y3€ll, 8 KaK JJIEMEHT
CJIOKHOM TUHAMUYIECKOH CHCTEMBI.

Psn xnaccnueckux paboT MOCBSILEH UMEHHO BIUSAHUIO
TEOMETPUYECKMX W  paclpelenéHHbIX  JeeKTOB  Ha
BUOpauuK MONIIMITHUKOB. Tak, Sunnersjo mokaszan, 4To
BOJIHUCTOCTb JIOPO’KEK KAa4yeHHMS M OTKJIOHEHHUsA (OpMbI
BBI3BIBAIOT XapaKTepHble BUOPALMOHHBIC KOMIIOHEHTHI,
KOTOpbI€ MOTYT CIIy>KMTb JHAarHOCTHYECKUM IPU3HAKOM

1. BBeaenue

Bubpanuu poTopoB M HOAIIMITHUKOBBIX OLOP B TEUCHUE
MOCIIEJHUX AECATUICTUH OCTAIOTCS OHOM U3 HEHTPAIbHBIX
npobiiemMm poTopHOit JTUHAMUKH. CoBpeMeHHbIE
HCCIIE/IOBaHMS TOKA3BIBAIOT, YTO JQXE IPH OTCYTCTBHU
SIBHBIX JIe()EKTOB I'€OMETPUM B MOAIIMITHUKAX BO3ZHUKAIOT
[IEPEMEHHBIC KOHTAKTHbIC HANpPSDKEHHS M KoyieOaHMs
KECTKOCTH, MPUBOILINE K CIIOKHOW JMHAMMKE CHCTEMbI
«potop-moaumHUK» [1, 2]. Ot 3ddekTs ycuauBaroTcs
IpY TOBBIIIEHMH YacTOTHl BpaleHHs M IIOSBJICHUU
ACHMMETPUM Macc POTOpA, YTO OCOOEHHO XapaKTEpHO IS
TEXHOJOTMYECKHX MalIWH, palboTalomMx B THKEIBIX

peKUMaXx.

B pa6ote Zhou ¥ COaBT. IOKa3aHO, YTO HCIIOIH30BAHUE
MarHUTHO-PEOJOTUYECKUX U YIy4IICHHBIX KOHTAKTHBIX
cpexn T03BONISAET CHIXATh MOATIOBEPXHOCTHBIE
MIOBPEK/ICHUS U MPOJJIEBATh CPOK CIIY)KObI MOBEPXHOCTEH
tpenus [3]. Sawalhi u ap. paspabortanu 0O0beIUHEHHYIO

https://orcid.org/0009-0007-3924-2567
b= https://orcid.org/0000-0002-3372-8976

usHoca [1]. O630p Tandon W COAaBT. CHCTEMATH3HUPYET
METOAbl BHOPAIMOHHON M aKyCTHYECKOH JHarHOCTHKU
neeKTOB B TOJNIIMIHUKAX KauyeHHs W IMOJYEPKUBACT
Ba)KHOCTh y4yéTa KaK JIOKAIBHBIX, TaK U PacIpeenéHHbIX
MOBPEXICHUI MpU OLeHKe cocrosiHus y3ma [2]. Ocak u
KOJUIETH IIPOJIEMOHCTPHUPOBAIN BO3MOXKHOCTH OLICHHBATh
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9acTOTHl Ae(EeKTOB MOAIINIIHUKOB M PEKHMBI pabOTHI
JIBUTATEIsI HA OCHOBE BHOPAIMOHHBIX CHI'HAJIOB, YTO HMEET
3HAUCHHE IS paHHEH ANarHOCTHKH [5].

OTnensHOE  HANpaBIEHWE CBA3aHO C  BIMSHHEM
KOHCTPYKIIMH OIOpPHI U YNPYTUX JIEMEHTOB Ha AWHAMHKY
poTopa. DKCIIepIMEeHTAIbHBIE W YNCIECHHBIE MCCIIEIOBAHNS
BAJOB TEXHOJIOTMYECKMX MAaIlMH IIOKA3bIBAIOT, YTO
CHIDKEHHE M3rnba Bajla M ONTHMH3AIMS CXEMBI OIHMPaHHUS
MO3BOJIIIOT YMEHBIINTh HArpy3KW Ha IIOMIIUIHUKHA U
MOBBICUTH yCTOMYMBOCTH BpamieHus [6, 7). B Ooxee
COBpPEMEHHBIX  pa0oTaXx BHHMaHHME CMEIIaeTcs K
KOMOMHMPOBaHHBIM oropam c YIPYTUMHA u
IeMnQupyOMUMHE BCTaBKaMiu. Li u coaBT. paszpaborann
HENMHEHHYI0 MOJETb CHCTEMBl «POTOP-TIOJIINITHHK» C
YIPYTOH OIOPOH, YIUTHIBAIOIIYIO CONPSDKEHHOE IBIKECHIE
Hecymed KOHCTPYKIIMM W IOJIIMITHAKOB; ITOKa3aHO, YTO
JJIaCTHYHAsT OIOpa MOJXKET CYIIECTBEHHO OCIA0IATh
HEJTMHEIHBIe BUOPAINY, CHIDKATh KOHTAKTHBIE HATPY3KH 1
HU3MEHATH popMy Konebanwmit potopa [8].

OcoObIif  WHTEpeC TMPEACTAaBIIIOT  HCCIEIOBAHHS
9JIACTOMEPHBIX MOANIMIHMKOB W omop. B psge paGor
YCTAQHOBIICHO, YTO DJIACTOMEpPHBIE DJIEMEHTHI 00JIanaroT
BEICOKHM BHYTPEHHHM JEeMII(QUPOBAaHWEM ¥  MOTYT
sddexTuBHO TacuTh KoneOaHMA pPOTOpa B IIMPOKOM
nuana3oHe yactoT. Kim u coaBT. BHIMOIHWIN HETMHEHHBIN
KOHEYHO-3JIEMEHTHBII aHaJn3 3JIaCTOMEPHOTO
TIOJIIHITHAKA JUTSL BTYJIKH BEpPTOJETHOTO POTOpa, MOKa3as.,
YTO KOPPEKTHBIH BBHIOOpP JKECTKOCTHBIX XapaKTEPUCTHK
PE3MHOMETAJUTNYECKOr0 TaKkeTa 00ecreunBaeT TpedyeMyro
MOJIATIINBOCTh MO0 HECKOJIBKMM CTETICHSIM CBOOOJBI U TIpH
9TOM COXpaHseT Hecylyro crnocoOHocTh y3ia [9]. Ha sty
paboty omupaeTcss Gonee Mo3gHee HCcieloBaHWE Jang u
KOJUIET, IJIe aHAJIM3UPYETCS MHOTOCIIOMHBIH 371aCTOMEPHBIN
MOAIIUITHUAK VI BTYJIKH POTOpA TPU OOJBIIMX OCEBBIX
Harpy3kax M HEJIMHEHHBIX IIePEeMEIICHUAX; aBTOPaMU
NPUBE/ICHBl PE3YJIbTAThl YHUCICHHOTO MOJIEIUPOBAHUSA U
UCIIBITAHUH, MOATBEPIKAAOLIHE, 4TO HPaBUIBHO
CIPOCKTHPOBAHHbIH  JJIACTOMEPHBIA  IakeT CcrocoOeH
obecrieunth Kak HEOOXOMMMYIO JKECTKOCTb, TaK U
JOCTaTOUHYIO  JeMI(UPYIOLIYyI0  CIHOCOOHOCTH  TpHU
akcrutyartanuu [10].

Takum  00pa3oM, NpOBeNEHHBIE  HCCIIEOBAHUSA
IOKa3bIBAIOT, YTO:

- TEOMEeTPUYECKHE W 3KCIUIyaTallMOHHbIE Je(eKThl
MOAIIUITHAKOB CYIIECTBEHHO BIMAIOT HAa BUOpALMK pOTOpa
[1-5];

- BKJIIOYEHHE YIPYTHX OMNOPHBIX JIEMEHTOB M03BOJISET
repepacrpeseNnsiTh Harpy3Kd W YMEHbILIATh HEJIUHEHHbIe
BUOpawuy cuctemsi [6, 7, 8];

- DJIACTOMEPHbIE TOJIIMIHUKOBBIE 3JIEMEHTBI, B TOM
YHCIIe MHOTOCJIONHBIE U CIEHHANbHO NPOQUIMPOBAHHbIE,
00J1a1al0T BHICOKUM IOTSHIMAJIOM IS AeMIIUPOBAHUS U
BUOpom3oIIIIIK poTopos [3, 9, 10].

Ilpy 3TOM BIMSHHME YCEYEHHOrO KOHHYECKOrO
5JIACTOMEPHOTO  3JIEMEHTa MMEHHO B COCTaBE OIOPbI
MOAIIUITHUKA, ¢ Y4ETOM aCUMMETPHH 1IEHTPa Macc pOTopa U
paboTBl B YCIOBHAX IEPEMEHHBIX TEXHOJOTMYECKHX
Harpy3oK, B JIUTEpaType OCBELIEHO HEJIOCTaTO4HO. JTO
omnpeienseT Hay4YHYI0 HOBH3HY U aKTyaJIbHOCTh HaCTOSIIeH
paboTsL.

2. MeToa0J10rusl HCCJIeI0BAHUSA

AHanu3 MpeCTaBICHHBIX JIUTEPATypHbIX MCTOYHHKOB
MOKa3bIBAET, YTO, HECMOTPS Ha OOIIMPHBIE HUCCIIEOBAHUS
JUHAMUKY POTOPOB M TIOJIIUIHHUKOBBIX Y3IJIOB, BIHSHHE

YCEUEHHOTO KOHMYECKOIO  AIIaCTOMEPHOTO  3JIEMEHTA,
BCTPOCHHOTO HEIMOCPEJICTBEHHO B OIOPY ITOJIIHNITHHKA,
M3ydeHOo HemocTaroyHo. MMerommecs paboThl OCBSIICHEI
00 TUarHOCTHKE Ae(EKTOB BPAIIAIOIIIXCS JIEMEHTOB [ 1-
5], 16O ONTHMM3ALKMK TPAJULHOHHBIX CXEM ONHPaHHU
poropoB [6, 7], muOO HCCIECNOBAHHIO OOIIUX CBOWCTB
amactoMepHbIX omnop [8-10]. OmHako BOMpOC O TOM, Kak
MMEHHO TeOMETpHs yCeUEHHOTO KOHYCa, €ro )KECTKOCTHBIE
XapaKTEePUCTHKH M JEMI(UPYIOIIIE CBOWCTBA BIMSIOT Ha
JMHAMHKY CHCTEMBI «POTOP-TIOJUIMIIHUK» B YCIOBHSX
NEePEeMEeHHBIX ~ TEeXHOJIOTMYECKHMX  Harpy3oK, OCTaércs
HPaKTHYECKU HE PACKPBITHIM.

VYunTeiBasi 3TO, HacTosimias paboTa HampaBleHAa Ha
pelieHne clemyromeld HaydHOW 3amadd, WCCIeNoBaTh
BIMSHHE  YCEUYEHHOTO  KOHHYECKOTO  3JIaCTOMEPHOTO
JJIeMEeHTa Ha BHOpaIMOHHOE TIIOBEJEHHWE poTopa |
ompeneuTh ero 3p(eKTHBHOCTh B CHIKEHUH aMILIHUTY I
BBIHY)KICHHBIX KOJICOAHHH M CMEIICHHH KPUTHYECKOMH
CKOPOCTH CHCTEMBI.

JItst TocTrKEHMsT [IeIM UCCIIeI0BaHMsl TIPEIIoIIarajoch
pa3paboTaTh KOHCTPYKIMIO ITOJIIMITHUKOBOH OTIOPBI C
YCEUEHHBIM KOHMYECKHM DJIaCTOMEPHBIM 3JEMEHTOM U
OIIPEAENNTh €€ OCHOBHBIE MEXaHIMYECKUE XapaKTEPHCTHKU.
[Manee TpeboBajOCh IMOCTPOUTH MaTeMaTHYECKYIO MOJENb
CHCTEMBI «POTOP-MOAIIHITHAK», YYUTHIBAOIIYIO BIHSIHHE
2JIACTOMEPHOTO CJIOSI, W TOJYYHTh YPaBHEHHE IBIIKECHHS
poTopa JUTs HOCIEAYIONEro YUCICHHOro pemenus. Takxe
HEOoOXOZMMO OBUIO IPOAHATM3UPOBATh AMIUIMTYIIHO -
YaCTOTHBIC XapPAKTCPUCTHKU TMPH Pa3INYHBIX 3HAUYCHHAX
JKECTKOCTH U TEOMETPHH IJIEMEHTa, OIPENEeSUTh BIHMSHHE
JJIACTOMEPHOTO CJIOS Ha pE30HaHCHBIE TapaMeTpbl -
MaKCHMAJIBHYIO aMIUIMTYZLy, KPUTHYECKYIO 4YacToTy U
CKOpOCTb 3aTyXaHHS KOJIeOaHuH - ¥, HAKOHEL, COIIOCTABUTh
HOJIyYEHHbIE Ppe3yJbTaThl c XapaKTePUCTUKAMHU
TpaIULIMOHHON KECTKON MOIINITHUKOBOM onopsl. Hayunas
HOBM3HA pabOThI 3aKJII0YAETCS B CIIEAYIOIIEM:

Takum 00pa3oM, IIOCTAaHOBKA 3aJadd OHpPEIENsAeT
HalpaBJIeHNE JATbHEHIINX UCCIIEI0BAaHNH 1 000CHOBBIBAET
HEOOXOZUMOCTh YHCIEHHOTO MOJICJIMPOBAHUA M aHalIM3a
JMHAMHYECKOI0 ITOBEJCHHS CHCTEMBI.

OnucaHve KOHCTPYKIMM YCeYEHHOT0 KOHHYECKOIro
3/1aCTOMEPHOT0 3JIEMEHTa

IommunHukoBas  omopa,  paccMarpuBaeMas B
HACTOSALIEM MCCIICIOBAHHY, BKIIFOYAET B ceOsl CrIelnabHbII
YCeU€HHBI  KOHMYECKHH  DIIACTOMEPHBIA  3JIEMEHT,
pa3MELIEHHBIH MEXIy KOpPIyCOM OIIOpbl M Hapy>KHBIM
KOJIBIIOM  TOJAIIMIHUKA.  BbpIOOp  MMEHHO  Takoi
reoMeTpuyeckorl (opmbl 00ycCIIOBIEH €€ YHHKaJIbHBIMU
CBOMCTBAMU MO OOECIEYEHUIO NEPEeMEHHOH >XECTKOCTH,
¢ dexruBHoro  aemndUpPOBaHUS M aJanTaldd K
JMHAMHMYECKUM Harpy3KaM.

VYceu€HHbI KOHMYECKMH BJIACTOMEPHBIA  3JIEMEHT
MPENCTaBIgeT CO0Oi JeTanb, BHEIIHSS W BHYTPEHHSSA
TIOBEPXHOCTH KOTOPOI 00pa30BaHbl yCEUEHHBIMU KOHYCaMHU
C  pasuM4YHBIMH  YIJIaMH  packpbiThs.  OCHOBHBIMH
TreOMETPUYECKHMH TapaMeTPaMy 3JIeMEHTa SIBISIOTCS:

Puc 1. O0mas cxema ycTaHOBKH BPAaILLAIOLIErocsi Baja
¢ HECHMMETPHYHBIM LIEHTPOM Macc
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roe, l; - paccrosHus OT  mepBodd  (JIeBOW)
TIOJIIUITHUKOBOH OTIOPHI 0 IIEHTPa Macc Baja;

1,- paccrosiHust OT BrOpoil (IIpaBoOii) IMOUIMITHUKOBON
OTIOPHI JI0 IIEHTPa Macc Baja;

D, -mumamerp Hapy>KHOH IIOBEPXHOCTH YHPYTOro
3JIEMEHTa NIEePBOH MOANIHITHUKOBON OTIOPHI;

D,- nuamerp Hapy»KHOH OKPYHOCTH BTOPOT'O yIIPYroro
JNIEMEHTA.

D - nuamerp BHYTpPEeHHEH IOBEPXHOCTH YHIPYTHX
9JIEMEHTOB

TouuHa 371aCTOMEPHOTO CIIOSI U3MEHSIETCS 110 BBICOTE,
YTO MPUBOJUT K MEPEPACHPEENCHUI0 XECTKOCTH IpU
paguanbHBIX W OCEBBIX Harpyskax. [lpm yBenmueHnm
Harpy3kd JedopManus —HPOMCXOAMUT  HOCTEHNEHHBIMU
CJI0SIMH, yro  Jg00aBiIsieT CUCTEME HEJTMHEHHBIN
neMndupyrommii a3pdexT.

B TpaMIMOHHBIX ITOIIIUITHIKOBEIX OIOpax KECTKOCTb
MPaKTUYECKH IIOCTOSHHA, IMO3TOMY IIPH IIPOXOJE uepe3
KPUTHYECKYI0 CKOPOCTh CHCTEMa JIEMOHCTPHPYET DPEe3KO
BBIDAKCHHBIH ~ pe3oHaHc.  [IpuMeHeHHe  yceu€HHOro
KOHHYECKOTO  3JIaCTOMEPHOrO  3JIEMEHTa  I03BOJISIET
3 eKkTHBHO CHU3WTH BHOpammu poropa. braromaps
MEPEMEHHON KECTKOCTH IO BBICOTE TAKOW BIIEMEHT II0-
pa3HOMy pearupyer Ha Majble ¥ OOJIbIIME HAarpy3KH: IpH
HEeOOJNIBIIIMX HAarpy3kax OH 00ecCleYrBaeT YCTOHYMBOCTh
OIOPBI, @ MPH TIOBBIILEHHBIX - YBEIWYUBACT Je(OopMalnio,
YMEHbIIIas aMIUIUTYAy Kosiebanuii. HenuHeltHble cBolcTBa
anmacToMepa obecreunBaroT JIOTIOJTHUTEIIbHOE
nemnpupoBaHue 3a c4ET BHYTPEHHHUX IOTEph MaTepHaa.
OTO NPHUBOAUT K CHIKCHHIO PE30HAHCHBIX HPOSIBICHUH 1
CMEILCHUIO KPUTHYECKOH 4acToThl B Oornee Oe30macHyro
obnacts. Kpome TOro, 31macToMepHbIi ClI0i KOMIEHCUpYeT
HECOOCHOCTb, ~ HEOOJNIBIIYI0 ~ HEYPaBHOBCLIEHHOCTh U
TEXHOJIOTMYECKHe KOJeOaHns Harpys3KH, BBIIIOJIHSAS DPOJb
YIpyroro BUOpOU30JIATOpA.

VYceuéHHast  KoHMYecKas (opMa  31acCTOMEPHOro
3NIEMEeHTa 00eCreYHBaeT PsiJi IPEUMYILECTB 10 CPABHEHHIO
C NWIMHIPUYECKUMU WM TUIOCKUMHM BCTaBKaMM. Takas
reomerpus ~ obOmajaer  Oonblued  3HEProEMKOCTHIO
nedopMmalyy, JIyylle [POTHBOCTOMT  CMEIICHHIO U
CIABHTOBBIM Harpyskam, a Takxke obOecreduBaeT Oosee
PaBHOMEpPHOE paclpejelieHHe HAlps KeHWH, IOBBIIIAs
HU3HOCOCTOMKOCTb. Konuyeckyro BCTaBKY JIETKO
a/IanTHPOBaTh MO TPEOyEeMyI0 JKECTKOCTh, M3MEHSS yroi
KOHyca WM TONILUHY cios. [Ipu KOMMakTHBIX pa3Mepax
OHa JIEMOHCTPHUPYET BBICOKYIO 3¢ peKTHBHOCTH
BUOPOU30JIILIMHM, YTO JIETAeT KOHCTPYKIUIO OTHOBPEMEHHO
TEXHOJIOTMYHOM M HaA&KHOM B OKCIUTyaTalUH.
MaremaTHdeckas MOJENb CHCTEMbI «POTOP-MOLIMITHUKY C
3JIACTOMEPHBIM YCEUEHHBIM KOHUYECKHUM 3JIEMEHTOM

MaremaTudeckoe  MOJCIHPOBAHUE  JTUHAMUYECKHUX
MIPOLIECCOB B POTOPHBIX CHCTEMAax BBIMIOIHAETCS HA OCHOBE
JlarpamxeBpix ypaBHeHuit Il poma, dro mo3BOIAET
YUUTBIBaTh OJHOBPEMEHHO HWHEPLHOHHBIE, YIpyrue u
JeMI(UpPYOLIKE CBOWCTBA IIEMEHTOB KOHCTPYKIHHU. Takoit
MOAX0J OCOOEHHO BakeH B Cllydae IPUMEHEHHS
JJIaCTOMEPHBIX ~ BCTABOK  IEPEMEHHOH  KECTKOCTH,
MOCKOJIBKY nx XapaKTEePUCTUKHU 3aBUCAT oT
TreOMEeTPHUYECKUX NapaMeTPOB U JIEUCTBYIOIIUX HAaTrPy30K.

B nanHo#t paboTe MOpeNnb BKIIOYAET HE TONIBKO
panuangbHOE MepeMeNeHHe OMOpbI, HO M BO3MOXKHBIH yromn
MOBOPOTa POTOpa, 4TO obecreynBaer Ooliee KOPPEKTHOE
ONHUCAaHHE JUHAMHMYECKOTO COCTOSHHS NpPH HAIUYUK
aCHMMETpPUH, O3KCIEHTPUCHTETAa WIM JIOMOJTHUTEIBHBIX
MOMEHTOB.

Kunernueckass 3Heprusi CHUCTEMBl CKIaJbIBaeTCs W3
MOCTYNaTeTbHONH ¥ BpamarenbHOil coctaBmaomux. C

y‘{éTOM MacCbl pOTOpa mmm MW €ro MOMEHTa HMHEPLIUU J
OTHOCHUTCIIBHO ocn BpalllcHus 06mee BBIPpA’XKCHUC
npuoOperaer BUIL:
1 1 .
T = -mx?+ = ]6?
2 2

e
X - pajaTbHOE TIepeMelieH e IIEHTPa MAcCHl,

6 - yTI0BOE OTKJIOHEHHE HITH IOBOPOT POTOPA,

X, 6~ COOTBETCTBYIOLIIE CKOPOCTH.

HepBa;[ YacCTb BBIPAKCHUS OTPAXKACT IMOCTYNATCIIbHOEC
JABMOKCHHUEC LEHTpa MacChbl, BO3HHUKAIOUICC IIOJ IICI7ICTBI/IGM
HecOaNaHCHPOBAHHEIX CIUI. BTopas dacTh TpecTaBIsAeT
coboif  BpamaTenbHYR0  KHHETHUECKYI0  DHEPIHIO,
HEOOXOAUMYIO Ul y4éTa JUHAMHKH IOBOPOTa pOTOpa
OTHOCHTENIEHO €r0 OCH. VYueT 06eHX COCTaBIISIONIIX
MO3BONAET  CHOPMHPOBATH  TONHYIO  HHTETPAITBHYIO
JAUHAMHUYECKYIO MOJCIIb, B KOTOpOf/i NEPEMECHHBIC
B3aMMOCBS3aHbl UePE3 YPABHCHUS IBIDKCHUA.

HOTeHHI/IaﬂBHaﬂ OHEPIrust I/ICCHeI[yeMOﬁ CUCTCMbI
00ycIoBIeHa yIPYrUMH nedopMalEsIMu IBYX
TOCIe/I0BaTeNbHO PAOOTAIONMX IEMEHTOB: TOIIHITHIKA
KaueHHs W 31aCTOMEPHOTO CIIOS, YCTAHOBIEHHOTO MEXKIY
Hapy>XHbIM KOJIBIIOM ITOAIIUITHUKA U KOPITyCOM. HpI/I MaJIbIX
OTHOCHUTCIIBHBIX NEPEMECIICHUAX CUCTeMa MOXET
paccMaTpuBaTbCs Kak ﬂHHeﬁHO'pryFaﬂ, a CymMMapHas
IMOTEHIUAJIbHAsT SHEPI'Us 3aIIMCbIBACTCS B d)OpMe:

1
V=35 Gy + k)x?

rac:

kb - XECTKOCTD MOIIUITHAKA Ka4yCHus,

ke - OSKBHUBAJEHTHas KECTKOCTh 3JJaCTOMEPHOTO
JJICMCHTA.

X- OTHOCUTEJILHOE MEPEMEILEHHE OTOPbI.

Takoe npezacraBiIeHHe KOPPEKTHO TPH YCIOBHU MAJIbIX
nedopmalyi, Koraa cyMMapHas JKECTKOCTb OIpelelseTcs
CYIepHO3MIMeH OTHeNbHBIX BKJIANOB. IIpu yBenuueHUn
KECTKOCTH  HIAaCTOMEPHOrO CJIOS  BO3pacraeT OO
K03} dunment BOCCTAHOBJICHHUS CHCTEMBI, 4TO
HEMOCPEJCTBCHHO BIUACT HAa COOCTBEHHYIO YacTOTY
KOJIeOaHNH M YCTOHYMBOCTH JUHAMHYECKOIO PABHOBECHS
potopa.

DJacTOMEpHBI 3JIEMEHT BBINONHSETCS B  (opme
yCceu€HHOro KOHyca Juii oOecliedeHus yIpaBisieMOn
nedopMali 1 BO3MOXKHOCTH BapbUPOBAHMS KECTKOCTHBIX
XapaKTEePUCTHK 3a c4éT n3MeHeHus reomerpuu. [Ipu oceBom
HArpY)KeHHMH 3JIEMEHT paboTaeT Ha CXaTHe, M €ro
9KBHMBAJICHTHAs KECTKOCTh B IEPBOM  IPUOIIKESHUH
OLICHMBAETCS BEIPOKCHUEM

_ Ee . Ae ff
© he
rue:
E .- Moayns ynpyrocru snacromepa,
Aeit - obdekTuBHasg IIOWANb, 3aBHCALIAS OT
KOHYCHOCTH,

Neft - SKBUBaICHTHAsI TOJIIMHA CITOSL.
J1s  reomeTpuH B BHIAC YCEUEHHOrO  KOHYycCa
3¢ peKkTUBHASI TUTOIIAAb OTPEALIIETCS Mo popMyJie:

2 2
(di +d,d; +d3)
3 )

OKBHBaJICHTHAsI TONIIMHA PACCUUTHIBAETCS C YUETOM

HCXOIHOW TONMIIMHBI No U IOMPAaBKH HA YTOJ KOHYCHOCTH (L.

Aeff =T

heff = hO + Ah(a’)
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4YTO  OTpaxkaeT  peaJlbHOE  IepepaclpeiesicHue
nedopmaruii Mo BBICOTE DJEMEHTAa. TakuM 006pasoM,
XKECTKOCTH HJIACTOMEPHON BTYNIKH SIBISIETCS (DYHKIMEH eg
reOMETPUYECKHX [1apaMETPOB:

ke = ke (C{, hO' dl! dZ)

DTO0 HO3BOJISIET peryjarupoBarb JUHAMUYECKUE CBOICTBa
OIIOPHEI, BLIGI/IpaSI OINTUMAJIBHYTO (1)OpMy U BBICOTY
KOHYCHOr0 CJIosI 1101 KOHerTHLIﬁ JHara3oH pa6otmx
CKOpOCTCfI poropa.

Huccunarusras ¢yHkuus Penes: Ilorepm sneprum B
cucteMe 0OycoBIEHbl IByMs (haKTOpaMHu: BHYTPEHHUM
neMn(upoBaHUEM  IOAIIMIIHUKA W BA3KOYNPYTHMMHU
cBoiicTBamMu  anacroMepHoro Marepuana. CyMmapHbIi
IpoIecC AUCCUTAINK ONUChIBaeTes GyHKuuei Penes:

1
T =—cx?
5%

TJIe TIOJTHBIN KOd(QHIMEeHT neMIIpUpOBaHNS:
c=c,tc,

W COCTOWT W3 BKJaJa IOJIIUITHUKA Cb W BS3KOTO
KOMITOHEHTA JIEMIT(UPOBAHHUS JIacTOMEPA Ce.

DN1acTOMEPHBIH cIoi obecrieunBacT
MIPEUMYIIECTBEHHYIO YacTh JIeMI(HUPOBAHHS CHCTEMHOTO
OTKJIMKa, TaK KaK TOJIMMEpHl O0JNaJaloT  BBICOKHM
BHYTPEHHHM TPEHUEM U NEPEXOJ0M YacTH MEXaHHYeCKOi
SHEPrHHY B TEIUIOBYIO. YBeIHUeHHe Ce oOecrieunBaer Ooiee
OBICTpOE 3aTyXaHHE IEPEeXOAHBIX MPOLECCOB pPOTOpa M
3HAUUTENIFHOE CHI)KCHUE PE3OHAHCHBIX aMILTUTY/I.

VpaBHeHne  Bo3Oyxkmatomeir  cuibl:  OCHOBHBIM
HCTOYHHKOM BO3OY)KIEHHsI KOJEOaHWH poTOpa SIBISETCS
JUHAMHUYEeCKas CHUJa, BO3HMKAIOIAs MPU  HAJTUYUH
3KCLEHTpUcuTeTa € Maccol M. [Ipu paBHOMEpPHOM BpallleHUU
poTopa cuiia UMeeT TapMOHUYECKUM Xapakrep:

F(t) = meQ?sin(Qt)

rue
Q - yrioBast CKOPOCTb BpPAILEHHUS.

JaHHas cunma JeHcTBYeT Ha ONOpYy M sBISETCs
KIIFOYEBBIM ()aKTOPOM TOSIBICHUsI BUOpaLUid, 0COOCHHO IpU
NPUOMIKEHWH  YacTOThl  BPAILCHUA K  KPUTHYECKUM
3HAYCHUSIM.

B Mozmenu mnpexanonaraercs OTCYTCTBHE 3HAYUTENBHBIX
HENUHEHHBIX 3(Q(EKTOB, 4YTO CIPABEIMBO ULl MAaJbIX
aMIUTUTY KoeOaHui 1 kECTKON KOHCTPYKIMHU BaJia.

Hcnonb3yss BblpakeHHs A [OTEHUUAIBHON U
JIMCCUNATUBHON SHEPruH, a TAK)KE YYWTHIBAs BHEIIHIOK
CHITY, TIOJy4aeM JIarpaH)XeBy MOJIENb JMHAMMKH OIIOPbI:

mi + cx + (k, + ko)x = meQ? sin(Qt)

D10 nuHeWHOe HeomHopoaHoe audpdepeHnnanTbHoe
YpPaBHEHHE OIHCHIBACT BBIHYKCHHBIC KOIECOAHUs CHCTEMbI
B YCJIOBUAX T'apMOHHMYECKOTo BO30YXXAEHHA. YpaBHEHHE
JEMOHCTPUPYET, YTO IUHAMHYECKOE IIOBEICHUE OIOpbI
3aBUCUT OT TpPEX KIIIOYEBBIX IApaMETPOB: KECTKOCTH,
JeMI(pHUPOBAHKS U MaCChIL.

AHanuTHyeckoe peueHue JIUHEWHOT O
i hepeHIMaIbHOTO  YPaBHEHHST I03BOJSIET  MONYYHTh
aMIUTUTY/ly YCTAaHOBHBIIMXCS TAPMOHUYECKUX KOJICOaHMUM)::

meQ?

X = J(kp + ke — mQ2)2 + (cQ)?

JlanHOoe  BBIpaXXC€HHME  TMO3BOJSIET  CAENaTbh  PAL
(yHIaMEHTAIBHBIX BBIBOJIOB:

1. Bnusiaue 5k€CTKOCTH, TO €CTh YBEITUYEHHE KECTKOCTH
3JJaCTOMEPHOTO 3J€MEHTa IPUBOJUT K POCTY CyMMAapHOH
JKECTKOCTH CUCTEMBI, YTO CMEIIAET KPUTHUECKYIO YaCTOTY:

ky, + ke
'Q'cr - T

Takum 00pa3oM, peryiaupys Mapamerpbl KOHYCHOTO
CJIOSl, MOXKHO YIPAaBJISITh IIOJIOKCHUEM PE3OHAHCHOM
obacT.

2. Brustaue JeMIThUpOBAHMUSL, MTOBBIIIICHHUE
Kod¢ GpureHTa JeMI(UPOBAHUS Ce MPUBOJUT
K YMEHBIICHHIO AaMIUTUTYIbl KojieOaHWH, OCOOEHHO B
OKPECTHOCTH Pe30HAHCa. JTO JelaeT JIAaCTOMEPHBIN CIIOit
3¢ (HEeKTUBHBIM CPEJICTBOM BHOPOIIOTIIOIICHHSI.

YUuclIeHHBIE ~ METOJT peneHus, st aHaau3a
JUHAMHYECKOTO  OTKJIMKA  CHUCTEMBI  HCIIOJIBH30BAJICS
YUCJICHHBIH METOJ] KOHEUHBIX pa3HocTei. Takoi moaxon
TO3BOJISIET TIOJTyYaTh pelIeHHe YpaBHEHMSI IBIKEHWS Ha
3aJJaHHOM BPEMEHHOM HWHTEpBaje ¥ JUIA IIUPOKOTO
JMania30Ha 9acToT BO3OY KICHS:

Q=0...3000 rad/s.

YuciaeHHBIH aHAIM3 MO3BOJISET OLEHWUTH MEPeXOIHbIC
HPOLIECCHl, AMIUIMTYJHO-YaCTOTHYIO XapaKTEPUCTHKY U
BIIMSIHUE TE€OMETPHYECKHX I1apaMeTPOB 3JIaCTOMEPHOTO
JJIEMEHTa
Ha ycroHuMBOCTH Koiebanmil. Kpome Toro, wmeron
KOHEYHBIX pasHocTeit XOpOILO TIOJIXOJIUT
UL pacyéToB, IAe  MapamMeTrpbl  KECTKOCTH |
NeMI(UPOBaHUS MOTYT U3MEHATBCS B 3aBUCHMOCTH
OT YaCTOThI WM YCIIOBUH HarpyKeHHUsI.

3. Pe3yabTaThl U 00CyxKAeHHE

IpoBenénHoe YHCIICHHOE MOJEJIUPOBAHNE
JMHAMHMYECKOI0 OTKJIMKA POTOPHOH CHCTEMBI MOKa3allo
CYIIECTBEHHOE  BIMSIHHE  YCEYEHHOTO  KOHHYECKOro
3J1aCTOMEPHOTO 3NIeMEHTa
Ha aMIUIUTYIHO-YaCTOTHBIE U IEPEXOAHbIE XapaKTEPUCTHKI
potopa. AMIUTMTYIHO-4aCTOTHAs! XapaKTepHCTHUKA,
paccunTaHHas Ha OCHOBE peuieHHMs JlarpamxeBbIX
ypaBHEHHUH I pona
¢ yu€TOM NepeMEeHHOHl >KECTKOCTH M JAeMI(pHUPYIOIIUX
CBOMCTB  3;acToMepa, JIEMOHCTPHPYET — BBIP)KCHHbIC
pazauuus  MeXIy TPaIuLMOHHOW KECTKOM omopoil u
MOIUGULUPOBAHHON OTopoi
C JIOTOJIHUTEIIBHBIM yIpyrojemndupyomum cinoem. s
CHCTEMBl 0€3 3JIaCTOMEPHOrO  3JJIEMEHTa MaKCUMyM
aMIUTUTYAbl HaOmrogaercst BOMU3M IMEPBOM KPUTHUYECKOM
YaCTOThI, OMPECISIEMON BHIPAKCHUEM Qﬁ? ~ Jky/m, aro
COOTBETCTBYET THIIMYHOMY PE30HAHCHOMY HHKY XOPOILIO
U3BECTHOM (opMmbl. BBeleHHe HMacTOMEpPHOrO  CIOs
NPUBOJUT K CMELICHUIO PE30HAHCHOrO MaKCHUMyMa B
o0mactb Oonee BBICOKHUX 4acToT, MOCKOJIBKY

. e
pe3yabTHpYOIas KECTKOCTh CHCTEMBI BO3PACTaET: QET) =~

(kp +ko)/m . OnHOBpeMEHHO pE30HAHCHAs KpHBas
CTaHOBUTCSI MEHEEe BBIPDAKEHHOW BCIIEJCTBHE pOCTa
aeMrnUpoBaHMs, a  aMIUIUTYJa  YCTAQHOBHBIIMXCS
KoneOaHuit

B pE30HAHCHOI 30He cHmxkaerca Ha 35-50 %, uTO
NOATBEpKAaeT 3GPEKTUBHOCTh IHEPreTHUECKUX MOTEPh B
3JIaCTOMEPHOM MarepHale.
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UyBCTBUTEIBHOCTD AUHAMHYIECKOTO OTBETA K 3HAUCHHUIO
9KBUBAJICHTHOU JKECTKOCTHU
ke OblIa WcciemoBaHa Iyis JMana3’oHa TEOMETPUYECKUX
apamMeTpPOB TACTOMEPHOTO CJIOST: TOJIIUHEL OT 2 710 6 MM,
yria KoHycHoCTH 5-20°, a TakKe pa3sIMYHBIX COOTHOIICHHH
JMaMeTpOB 6a30BbIX OBEPXHOCTEH BCTaBky. [Toka3aHo, 4To
yBeJMYeHHE Ke IPUBOIUT K POCTY KPUTHUECKOM YaCTOTHI U
CHIDKEHHIO IIMKOBOTO 3HA4YeHUs aMIuuryapl. OmHako
Ype3MEPHO MAaJIoe 3HAYECHHE KECTKOCTH, XapaKTEpPHOE IS
TOHKOTO M MSTKOTO CJIOSI, BBI3BIBAET IPOTHUBOIOJIOKHBIN
3¢ ekt - poCT aMIUIUTY][ HU3KOYAaCTOTHBIX KOJIeOAHUH U
YXYIIIEHAE YCTOWYMBOCTH CHUCTEMBI. AHAIN3 IT03BOJIMI
BBIICIUTH ONTUMAJbHBIH auana3oH Ke=0.25kp-0.40kp, mpu

KOTOpOM JIOCTHTAETCS HanOOIbIIHH YPOBEHb
BHOpOTAIIEHNS 1 MUHUMHU3AIHS PE30HAHCHBIX IPOSIBIICHUH.
JlonoTHUTETBHBIE HCCIIeI0BaHUs BIIMSIHUS

JIeMI(UPYIOMAX CBOMCTB TIOKa3ald, 4YTO YBEIHYEHHE
momHOro  kKo3dduiuenta  pemmpupoBaHUs — C=Ch+Ce
CYIIECTBEHHO YIIy4IIAeT XapaKTEPHUCTUKH CHUCTEMBI B
MepeXOJHBIX W YCTAaHOBHMBIIMXCS — pexuMmax. Poct
COCTaBIISTIOIICH JeMnQupoBaHus, 00ycoBIIeHHOI
BHYTPEHHHMH TOTEPSIMH SHEPTHHU B d1acTomepe, Ha 30-40
% TPHUBOAWT K IBYKPaTHOMY CHIDKEHHIO aMIUTUTYIBI
Pe30HaHCHBIX Kosiebanuid. Kpome Toro, Bpems nepexoHoro
npolecca ymeHblIaercs B 1.5-2 pasa, uyTo ykasblBaeT Ha
YCKOPEHHBII BBIXOJl CHCTEMBI B CTallMOHAPHBIH PEXUM U
YMEHBIICHNE BEPOSITHOCTH YCWICHWsI BHOpalWii 1moj
JIeCTBUEM BHEIIHMX BO3MYILEHHMH. DIIaCTOMEpHBIA Ci0i
3¢ (PEeKTUBHO MOBHIIIAET YCTOHIYMUBOCTH padOTHI POTOpa MPH
BBICOKMX 4YacTOTaX BpalleHUs 3a CYET JUCCHUIIAINKI
KoJe6aTeNnbHON SHEPTUH.

C TOuKM 3peHus o0mel TMHAMUYECKOH YCTOHYNBOCTH
YCTaHOBKA  3JIACTOMEPHOTO  3JIeMEHTa  00ecreunBacT
paclIMpeHHe Juana3oHa 4YacToOT, B KOTOPOM CHCTeMa
JIEMOHCTPUPYET YCTOIUMBOE NoBeAeHue. BHe pesoHaHcHO
30HBI aMIUIUTYAA BUOpauuii cHmkaercs Ha 20-30 %, 4ro
CYIIECTBEHHO  YMEHBIIAET  PUCK  BO3HUKHOBEHHS
aBTOKoOJIeOaHMT U «pa3néray poropa. Haubonee 3ameTHbIi
MOJIOXKUTENBHBIA  3((ekT HaOmomaeTcs NpH HATUYAK
HECUMMETPHYHOTO pacnpeneneHus Macchl WK
9KCLIEHTPUCHUTETA, KOTIZia TPaJHLHOHHbIE JKECTKUE OIOPbI
MOKa3bIBAIOT  IOBBIMIEHHYI0  YyBCTBUTEIBHOCTH K
Bo3MyIaomuM Qakrtopam. TakuM o0Opa3zoMm, pe3yibTaTbl
MOJICTTUPOBAHUS MOATBEPIKIAIOT 3¢ peKTHBHOCTH
UCIIONIB30BAHUS YCEYEHHOTO KOHHYECKOro 3JIacToMepa B
OIOpax POTOPHBIX CHCTEM, MO3BOJIIOLIETO OJJHOBPEMEHHO
YBEJIMYUTh KPUTUYECKYIO YAaCTOTY, CHU3UTh aMILIUTYAbI B
pe30HAaHCHOW O0JIACTH U MOBBICUTH OOLIYIO YCTOWYHMBOCTH
CHCTEMBI B LLIMPOKOM JIMana30He pabouuX YCIOBHH.

C nenbio KOMIUIEKCHON OLEHKU BIUSHUSI KOHUYECKOTO
371aCTOMEPHOTO aJIeMeHTa
Ha JMHAMHYECKOE IIOBEICHHE DPOTOPHON CHCTEMBI ObLI
BBIIIOJIHEH  COIOCTABMTENBHBIA  aHAIU3  OCHOBHBIX
9KCIUTyaTallMOHHBIX M BHOPOAMHAMHYECKHX IapaMeTpOB
JBYX THIOB NOALIMITHUKOBBIX omop. Takoil moaxox
MO3BOJIIET HE TOJNBKO KOJMYECTBEHHO  OINPENCIUTh
NU3MEHEHHE KPUTHYECKUX XapaKTePHCTHK, HO U BBIABUTH
ofmpe TeHaeHHIMH B paboTe  MOJCPHU3UPOBAHHOM
KOHCTPYKIIMU pH Pa3INYHBIX BO30YKIAIOIIHX
BO3JEHUCTBUSIX. MTOroBele pe3ynpTaThl CpPaBHUTEIBHOIO
uccrneoBanus cBeneHsl B Tabmuiyy 1, rhe mpencTaBieHsl
KJIFOYEBbIE  II0KA3aTeld, OTpPAXKAIOUIMEe pasiuyus B
YaCTOTHON 4yBCTBUTEIBHOCTH, IEMIIQUPYIONMX CBOICTBAX
U YCTOHYHMBOCTH CUCTEMBI.

Taoauua 1
CpaBHHUTeJILHBIH aHAJIN3 IHHAMHYECKUX
XapaKTePUCTHK TPAIULHOHHOI
M 3J1aCTOMEPHOM NOJIIUIHUKOBBIX 0110P

Omnopa ¢
TpanunuonHas
KOHHYECKMM
TTokasaresn MTOIIIHUITHAKOBA
3JIaCTOMEPHBIM
sI Oropa
JJIEMEHTOM
VBennyena Ha 12—
Kpurnueckas Ha 18 % Bcnencraue
4acToTa OTHOCHTEIBHO MTOBEIIICHHS
BpaIIeHHs HHU3KOM YPOBHE | SKBHBAJEHTHON
JKECTKOCTH
3HAYUTEIILHO
PesonancHas Cumxena Ha 35-50
BBIpaXKEHa, o ..
aMIDIATY 1A . % 3a cuéT
BEICOKHUI
YCTaHOBHBIIIUX . JIOTIOJTHUTENTEHOTO
N PE30HaHCHBII
cs1 KosrebaHmit K JIeMIT(UPOBAHUS

Coxkpamiena B 1.5-2

Jmurensrocts | IpononrupoBan
pasa [0 CpaBHEHUIO

TEePEXOHOTO Hasl, MEJICHHOE

npoiecca 3aTyXaHue ¢ GasoBbIM
BAapUaHTOM

JluHamudeckas OrpannyenHnasi; | IlobleHHas,

YCTOHYMBOCTH BBICOKAs obecrieurBaeMas

pu YYBCTBUTEJIBHO | BHYTPEHHUMH

TEXHOJIOI'MYCCK CTh K TMOTEPSIMU SHEPTUU

UX Harpyskax BO3MYIIICHHAM B 3J1acTOMEpe

HyBCTBUTENBEHO CHixeHa

CTb K 6naromaps
Cy1ecTBeHHas, P

TeOMETPHYECKH CIIOCOOHOCTH
TpeOyroTcst

M OTKJIOHEHHSIM 3racToMepa
BBICOKHE

u KOMIIEHCHPOBATb
JIOITYCKH

SKCLEHTPHUCHUTE JIOKaJIbHbIE

Ty poTopa Jgedopmanuu

Ananu3

— TpagnuvoHHas onopa
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Puc. 2. AMIUIMTYIHO-4ACTOTHAS XapPaKTePUCTHKA
POTOPHOIi CHCTEMBI ISl TPAJUIIMOHH O
MOAIIMITHIKOBOW ONOPBI U OIOPBI € yCeUEHHbIM
KOHHYECKHM 3JIaCTOMEPHbIM 3JIEMEHTOM

W3 npencraBneHHOro rpaduka BHAHO, YTO BBE/ICHUE
YCEUEHHOTO KOHHYECKOTO  3JaCTOMEPHOrO  3JIEMEHTa
OPUBOAUT K 3aMETHOMY H3MEHEHHIO  aMIUIUTYIHO-
YaCTOTHOM  XapaKTepUCTHKM cuUcTeMbl. Kpuruueckas
4YacTOTa BpalleHMs] cMelaeTcsi B 00acTh 0ojee BBICOKHX
3HAQUEHUN  BCJIEJCTBME  YBEIMYEHHUS]  OKBUBAJICHTHOU
kE€cTkocT  omopel.  OOHOBpEMEHHO  HaOMIrOmaeTcs
CHIDKEHHE PE30HAaHCHOM aMIUIMTYJbl YCTaHOBHBIINXCS
konebGanuii mpubnusurensHo Ha 40 %, uro o0ycioBIEHO
poctom aemndupoBaHMs 3a CYET BHYTPEHHHMX IOTEPH
SHEPIUM B JIACTOMEPHOM Marepuaie. Takum o0pasom,
JIacTOMepHas omopa oOecrednBaeT 0OoJiee CTIaKCHHBIN
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pe3OHaHCHbIﬁ MUK W HNOBBINICHHYIO AHUHAMHYCCKYIO
yCTOﬁ‘IHBOCTb pOTOpHOﬁ CUCTCMBEI.

0.0003 0nopa ¢ KOHNYECKNM 31aCTOMEPOM

! — TpaAvuWOHHaa onopa
:’
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-0.0002 1 |l
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Puc. 3. Ilepexoanblii npouecc paauajbHbIX KoJedaHuii
POTOpPA NPH 0KOJIOPE30HAHCHOM YIJIOBOI CKOPOCTH 1JIsl
TPaAMIMOHHOI MOAIMIHUKOBOM ONOPHLI M ONOPHI €
yce‘léHHblM KOHHYCCKHUM 3JIACTOMEPHBIM 3JIECMEHTOM

AHann3 BpeMEHHBIX THarpaMM KosieO0aHHi oKa3bIBaeT,
YTO MPUMEHEHHE YCEUEHHOI0 KOHMIECKOT0 JIaCTOMEPHOTO
3JIEMEHTA CYIIECTBEHHO BIIMSET HA XapaKTep IepexoHOro
mpouecca. Jlng  TpaaiuIMOHHOM — XKECTKOH  OIOpBI
HaOrojaeTcs MEIJIEHHOE 3aTyXaHue KoieOaHui u Ooiee
BBIP2)KCHHBIE aMIUTUTY/Ibl B HAYAIGHBIIT MOMEHT BPEMEHH.
B citydae ormopeI ¢ 351acTOMEpPHBIM JIEMEHTOM MePEXOIHBII
mporiecc  Xapakrepusyercss OGosee OBICTPBIM CHIKEHHEM
aMIUIUTYAbl W BBIXOJOM CHCTEMBI B YCTAaHOBHBIIUHCS
peXuUM.  OTO  CBUICTENBCTBYET O  INOBBIIICHHOM
nemipupoBaHUH, 00yCIOBICHHOM BHYTPEHHUMH IIOTEPIMH
SHEPrMM B 3JIACTOMEPHOM Marepuane. B pesynbrare
JUIMTEIBHOCTh ~ TIEPEXOJHOr0  Mpolecca  COKpalaercs
npuMepHo B 1.5-2 pa3a, YTO MOBBIACT JUHAMUYECKYIO
YCTOIYMBOCTH POTOPHOH CHCTEMBI IIPH IPOXOXKACHUU
PE30HAHCHBIX PEKUMOB.

OO0cyxneHue

[Mosry4eHHbIe pe3ysbTaThl YUCICHHOTO MOJCIUPOBAHUSL
MOATBEPKIAIOT, YTO BKIIOYEHHE YCEUEHHOTO KOHMYECKOro
3J1aCTOMEPHOT0 JIEMEHTA B KOHCTPYKLHIO OIIIMITHUKOBON
ONOpHl  OKa3blBaeT  CYIIECTBEHHOE  BIMSHHE  HA
JMHAMHUUYECKOe MOBEJICHUE POTOPHOM crcTeMbl. OCHOBHBIM
apdekroM  sABIAETCS ~ ONHOBPEMEHHOE  CMEIICHHE
KPUTHYECKOI YaCTOThI B 00J1aCTh O0Jiee BBICOKUX 3HAUCHUIT
U 3HAUUTEIBHOE CHIDKCHHE PE30HAHCHOH aMIUTHTY b
KosebaHuil. OTO MMeeT NPUHLHUIUAIBHOE 3HAYCHHE UL
BBICOKOCKOPOCTHBIX ¥ TEXHOJIOTMYECKH Harpy»KEeHHBIX
MallllH, MOCKOJIBKY MPOXOXIEHUE PE30HAHCHBIX PEKUMOB
SIBISICTCS OJHOW M3 KIIOYEBBIX IPUYUH HOBBILICHHOTO
M3HOCA MOAIMIIHUKOB, POCTa JHHAMUYECKUX HAINpPSHKCHUH
U CHIKEHHs pecypca obopymoBanus. Takum o00pasom,
[PUMEHEHHUE 3J1aCTOMEPHOW BCTaBKU MO3BOJISIET NOBBICUTH
9KCIUTyaTallMOHHYIO HAJEKHOCTh POTOPHBIX CHUCTEM 0e3
YCIOXKHEHMsT ~ KOHCTPYKIMM  Baja MWIA  M3MEHEHHS
KMHEMaTHYEeCKON CXeMbl MalIUHBI.

CpaBHEHHE IOJNYYEHHBIX pE3YJIbTAaTOB C JAHHBIMHU
JIPYTMX  HWCCIENOBAaHMII  IOKa3plBACT MX  XOPOLIYIO
COIVIACOBAaHHOCTh C COBPEMEHHBIMM TEHICHIMSAMH B
00acT pOTOpPHOU AMHAMUKH. B paboTax, MOCBSIIEHHBIX
KOMOWHUPOBAHHBIM M YNPYTUM ONOpaM, OTMEYaeTCs, 4TO
BBE/ICHHE JIOTIOJIHUTENIBHBIX  TOJATIIMBBIX  SJIEMEHTOB
CIIOCOOCTBYET NepepacipeiesIeHHIO Harpy30K U CHIKEHHIO
HENMUHEHHBIX ~ BUOpammii  cucTeMbl. B 4acTHOCTH,
pe3ynbratel Li ¥ coaBT. IeMOHCTPUPYIOT 3((eKTHBHOCTH
YIOPYTUX OMOp B OCHA0JeHHM KONeOaHHHA W HM3MEHEHUH

(OpMBI IMHAMHYECKOTO OTKJIMKA POTOPA, YTO COIJIAcyeTcs
C BBISIBJICHHBIM B JJAHHOW paboTe CHIKEHUEM PE30HAHCHBIX
aMIUIUTYZA. AHAJIOIMYHO MCCIIENOBAHUSA 3IaCTOMEPHBIX
HOJIIMITHUKOB, BbINoJaHeHHbIe Kim u Jang, noarsepiknaror
BBICOKYIO JeMI(HUPYIOLIYyI0 CHOCOOHOCTh MOIMMEPHBIX
MaTepuanoB 1 uX 3P(eKTUBHOCTb IPU PabOTe B YCIOBUIX
HepeMeHHbIX Harpy3ok. OfHaKO B OTIIMYME OT YKa3aHHBIX
paboT, rie OCHOBHOE BHUMAHHE YJEISJIOCh MHOTOCIOHHBIM
WIH IWIMHIPUYECKUM 3JIaCTOMEPHBIM  JJIEMEHTaM, B
HACTOAIIEM HCCIENOBaHMM II0Ka3aHO, 4YTO HMEHHO
yceu€HHasi KOHMYecKast ()opMa M03BOJISET JIOMOIHUTEIIBHO
PeryaupoBaThb KECTKOCTb OIOPBI 3@ CUET FeOMETPHYECKHX
HapaMeTpoB, YTO PAaCHIUPSIET BO3MOMKHOCTH HACTPOHKU
JUHAMHYECKHX XapaKTePUCTHUK CHCTEMBIL.

Ocoboe 3HaueHWe IOIyYeHHBIE Pe3yJbTaThl UMEIOT B
KOHTEKCTe HCCIeNOBaHUK BHOpauui, 0O0yCIOBICHHBIX
acUMMeTpHeil Macchl M 3KCLEHTPUCHUTETOM pOTOpa.
HM3BecTHO, YTO TpaAMIHOHHBIE XECTKHE MOAIIHITHUKOBBIC
OIOpBI 00JIA/IAI0T BBICOKOW UYBCTBUTEJIBHOCTBIO K TaKHM
BO3MYIICHUAM, YTO  TOATBEPXKIAETCS  Pe3yJbTaTaMu
KJIACCHYECKMX  padoT 1o  JUarHocTHke  JieheKToB
noamunHUKoB. Iloka3aHHOe B JaHHOW paboTe CHIKCHHE
YyBCTBUTEIBHOCTH CHUCTEMBI K JKCLEHTPHCHUTETY 32 CUET
3JIACTOMEPHOTO CJIOSl CBUJIETEILCTBYET O MOTECHIMAIBHON
BO3MOXKHOCTH HCIIOJIb30BAHMS KOHUYECKHX 3JIACTOMEPHBIX
OIIOp HE TOJBKO KaK BUOPOM30JIATOPOB, HO M KaK AJIEMEHTOB
HAaCCUBHOU aJlanTaum POTOPHBIX CHCTEM K
TEXHOJIOIMYECKHUM U 3KCIUTYaTal[MOHHBIM OTKJIOHCHUSIM.

IepcniexkTyBbl JANbHEHIINX MCCIIEOBAHUN CBS3aHBI,
HpexJae BCEro, € OSKCICPHMEHTalbHOH BepuduKanuei
NPEVIOKEHHOH MaTeMaTHYeCKOH MOJENIN M YTOYHECHHEM
HEJIMHEIHBIX CBOWMCTB 3IIACTOMEPHOIO MaTepuana Ipu
OGonmpumx  gedopManMAX M BBICOKMX — 4YacToOTax
BO30Y>K/eHUA. JIOTIOTHUTEINIBHBIH HMHTEpEeC MpeNCTaBIseT
UCCIIC/IOBAHME  TeMIepaTypHbIX 3(GQEKToB, CTapeHHUs
JjlacToMepa M MX  BIMSAHUS Ha  JieMngupyomue
XapaKTEpUCTHKU omopbl. Kpome TOro, mepcrekTHBHBIM
HanpaBlIeHUEM  SBIAETCA  ONTUMM3AIMsA  T'€OMETPUH
YCEUEHHOTO KOHYCa C MHCIOJb30BAHHUEM UHCIIEHHBIX
METOJOB ONTUMAJIBHOTO MPOEKTHPOBAaHMA, a TaKXke
pacuMpeHMe MOJENH Ha  MHOTONOJIIUIHHUKOBBIE U
MPOCTPAHCTBEHHBIE POTOPHBIE CUCTEMBI. Peanmuzanms 3THX
HarpaBJIeHUH TO3BOJIUT NEPENTH OT YHUCIEHHOTO aHAJIN3a K
NPaKTUYECKOMY BHEJPEHHIO YCEUEHHBIX KOHMYECKHX
3J1aCTOMEPHBIX JIIEMEHTOB B KOHCTPYKIHU
BBICOKOCKOPOCTHBIX M TEXHOJIOTHYECKUX MAIIHH.

4. 3akiaouyeHue

IIpoBenénHOE HcCcIe 0BAaHUE TOKA3AII0, YTO BKIIIOUSHNE
YCEUEHHOTO0 KOHMYECKOTO 3JIACTOMEPHOTO »JJIEMEHTa B
MOJIINITHUKOBYIO ~ OHOpPY  CYLIECTBEHHO  YIydIlaeT
JUHAMUYECKHE XapaKTePUCTHKH pOTOpa B  IIMPOKOM
Juama3oHe  4acTor.  YWCIEHHOE  MOJCIHPOBAHUE,
BBITIOJIHEHHOE HA OCHOBE MOJIEIH C YYETOM KECTKOCTHBIX U
neMnUpyOIUX — CBOMCTB — Marepuana, IMOATBEPIMIO
CMEIIEHNE KPUTHYECKOH 4acTOTHI B 0011aCTh O0JIee BBICOKUX
3HAQUYEHUN M TOYTU JABYKPAaTHOE CHMKEHHME PE3OHAHCHOM
aMIUIMTYyABl  Onmarofaps  BBIPAXEHHOMY  BHYTPEHHEMY
JeMI(pUPOBAHHUIO. JlonomHuTenbHO YCTaHOBJIEHO
COKpallleHHe BPEMEHH MEepexXoAHOro  mpolecca U
yMeHblIleHre BUOpaluii BHe pe3oHaHcHO 30HbI Ha 20-30 %.

Konnueckas ¢dopma BCTaBKH obecrnieunBaeT
ONTUMAIILHOE pacHpeeNeHHe KECTKOCTH U MOBBILICHHYIO
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sHeproéMKocTh nedopmarmy, uro nemaer e€ Ooiee
3pQEeKTUBHOH 1O CPaBHEHHIO C  TpPaJAUINOHHBIMHU
ITMHAPHIECKUMH 3rteMeHTamMu. Onopa CTaHOBUTCSI MEHee
YyBCTBUTENBHOM K OKCHEHTPHCHUTETY M HECOOCHOCTH
pOTOpa, TOCKOJBKY 3IacTOMEp YacTHYHO KOMIEHCHPYET
JIOKAJIBHBIE TIEPeTPy3KH.

TaxuM 06pa3om, MOIepHU3NPOBAHHASI OAIIAITHAKOBAS
ornopa ¢ KOHMYECKMM  3JaCTOMEPHBIM  3JIEMEHTOM
IpEJICTaBIET COOOH pe3yNbTaTUBHOE KOHCTPYKTUBHOE
pelIeHre Il BBICOKOCKOPOCTHBIX MAIINH, TPeOYIOINX
MOBBIIICHHOHN BHOPOYCTOWYNBOCTH. IlepcniekTHBBI
JMadbHEMIINX paboT  BKIIOYAIOT  SKCIEPHMEHTAIBHYIO
MIPOBEPKY MOJIENM, YTOYHEHHWE HENWHEHHBIX CBONCTB
MaTepuaa U ONTHMH3ALHIO0 T€OMETPHH BCTaBKH.
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Processes of implementing gender policy in science in Uzbekistan

R.Kh. Murtazaeval®?
!National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan

Abstract:

The scientific article shows the existence of regulatory legal documents related to gender policy in

Uzbekistan, as well as the creation of conditions for women to conduct scientific research. Information
is provided on the establishment of a management system in this field at the local level and in relevant
organizations. Based on reliable statistical data, the article presents the number of female scientists in
various scientific fields. The achievements of the named female scientists are recognized not only in

Uzbekistan but also in foreign countries.
gender policy, management, female scientist, science, achievements

Keywords:

O‘zbekiston ilm-fanida gender siyosatining amalga oshirilish jarayonlari

Murtazaeva R.X.}®2
!Mirzo Ulug'bek nomidagi O'zbekiston Milliy universiteti, Toshkent, O¢zbekiston

Annotatsiya:

Ilmiy maqolada O‘zbekistonda gender siyosatiga oid normativ-huqugiy hujjatlar mavjudligi hamda

xotin-gizlarni ilmiy tadgigotlar olib borish uchun sharoitlar yaratilganligi ko‘rsatilgan. Sohani boshqaruv
tizimi joylarda va tegishli tashkilotlarda tuzilganligi haqida ma’lumot keltirilgan. Maqolada ishonchli
statistik ma’lumotlar asosida turli ilmiy yo‘nalishlardagi olima-ayollar soni ko‘rsatilgan. Nomlari
keltirilgan olimalarni yutuglari nafagat O‘zbekistonda, balki xorijiy davlatlarda ham tan olingan.

Kalit so‘zlar:

1. Kirish

O‘zbekiston  Prezidentining  nutqlarida  ilm-fanni
rivojlantirishga hamda xotin-gizlarni ilmiy faoliyat olib
borishiga alohida e’tibor qaratiladi. Samarqand shahrida
bo‘lib o‘tgan YuNESKOning 43-sessiyasidagi nutgida
quyidagi taklif Kiritilishi kelajakda olimalarga ilm-fanda
yuqori yutuqlarni qo‘lga kiritishga xizmat qiladi.

“Gender tengligi YuNESKOning fundamental, ustuvor
vazifalaridan biri bo‘lib, Tashkilotning barcha tashabbuslari
unga integratsiya kilinishi zarurligi belgilab qo‘yilgan. Bu
borada a’zo davlatlarning eng ilg‘or tajriba va amaliyotini
o‘rganish, bilimlar almashish magsadida Xotin-gizlar
yetakchiligi bo‘yicha YuNESKO akademiyasini tashkil etish
vaqti keldi, deb xisoblaymiz. Shuningdek, Samargandda
barcha git’alarning mashxur tadqiqotchilari, san’at
namoyandalari, pedagog va ixtirochi xotin-qizlarning Ta’lim,
madaniyat va fan sohasidagi global forumini o‘tkazishni taklif
etamiz” [1], deb ta’kidladi. O‘zbekiston Respublikasi
Prezidenti Sh.M.Mirziyoev.

Ma’lumki, O‘zbekistonda gender siyosatini amalga
oshirilishining  birinchi  bosgichida  normativ-huqugiy
poydevor yaratildi.

Milliy fanni yangi bosgichga olib chigishga garatilgan eng
muhim hujjatlardan biri Prezident tomonidan 2019 yil 29
oktyabrda imzolangan «Fan va ilmiy faoliyat to‘g‘risida»gi
Qonun bo‘ldi. Unda ta’kidlanishicha, fan va texnologiyalarni
rivojlantirishning ustuvor yo‘nalishlari milliy igtisodiyotning
rakobatbardoshligi va samaradorligini  oshirish, yangi
tarmoklarii yaratish, aholi turmush darajasini yuksaltirish
bilan boglik muammolarni ilmiy jihatdan hal etish magsadida
ishlab chigilgan.

a https://orcid.org/0000-0003-1257-7854

gender siyosati, boshgaruv, olima, ilm-fan, yutuglar

Shuningdek, 2020 yil 29 oktyabrda davlat rahbari “2030
yilgacha fanni rivojlantirish to‘g‘risida”gi  Farmonini
imzoladi. Hujjat fan sohasini yanada takomillashtirishning
barcha yo‘nalishlarini gamrab oladi hamda innovatsion
loyihalarni amalga oshirish orgali iktisodiyot sohasida yuqori
ko‘rsatkichlarga erishish bo‘yicha bir qator muhim vazifalarni
belgilab beradi.

“Xotin-gizlar va erkaklar uchun teng huqug hamda
imkoniyatlar kafolatlari to‘g‘grisida”gi Qonun (02.09.2019)
— gender tengligini ta’minlashning umumiy prinsiplari,
davlat organlari vakolatlari, turli sohalarda (mehnat, ta’lim,
sogligni saglash, saylovlar va h.k.) teng imkoniyatlar
kafolatini belgilaydi.

So‘nggi yillardagi ilm-fanni rivojlanishiga va undagi
xotin-gizlarni o‘rni masalasiga katta e’tibor qaratilmogda. Bu
masala davlat darajasiga ko‘tarilganligini guvohimiz.

Gender siyosati ijrosi mamlakatda to‘rtta darajada tashkil
etilmoqgda. Eng avvalo Parlament va gonunchilik nazorati Oliy
Majlis Senatida Xotin-qizlar va gender tengligi bo‘yicha
go‘mitasi faoliyati gender siyosati bo‘yicha qonunchilikni
takomillashtirish, monitoring va tavsiyalar ishlab chigishda
muhim rol o‘ynadi. Ikkinchi, ilmiy darajada koordinatsiya
BMT CEDAW qo‘mitasining xulosalarida (2021 y.) 2019
yilda Gender tengligi bo‘yicha komissiya va senat qo‘mitasi
tashkil etilgani institutsional nugtai nazardan ijobiy gadam
sifatida gayd etildi. Uchinchidan, ijro hokimiyati va hududiy
ijro darajasi. Amalda gender siyosati bo‘yicha vazifalar
markaziy idoralar bilan birga hududiy bo‘linmalar, mahalliy
ijro organlari, ijtimoiy xizmatlar va profilaktika tizimi orgali
bajarilmoqda. To‘rtinchi daraja - bu Inson huquglari
institutlari va tegishli tuzilmalar gender masalalarida huqugiy
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monitoring, murojaatlar bilan ishlash, ma’rifiy ishlar hamda
xalgaro mexanizmlar bilan hamkorlikda ishtirok etmoqda..

2. Tadgiqot metodologiyasi

NORMATIV-HUQUQIY ASOS

Ma'lumki, O'zbekistonda gender
oshirilishining  birinchi  bosgichida
poydevor vyaratildi va asosiy qonun
quyidagilardir:

"Fan va ilmiy faoliyat to'g'risida"gi Qonun (2019 yil 29
oktyabr) — fanni rivojlantirishning ustuvor yo'nalishlari
milliy igtisodiyotning ragobatbardoshligi va samaradorligini
oshirish, yangi tarmoglarni yaratish, aholi turmush darajasini
yuksaltirish bilan bog'liq muammolarni ilmiy jihatdan hal
etish magsadida ishlab chigilgan.

""2030 yilgacha fanni rivojlantirish to'g'risida"gi Farmon
(2020 yil 29 oktyabr) — fan sohasini yanada
takomillashtirishning barcha yo'nalishlarini gamrab oladi

siyosatini amalga
normativ-huquqiy
va farmonlar

hamda innovatsion loyihalarni amalga oshirish orgali
igtisodiyot sohasida yuqori ko'rsatichlarga erishish bo'yicha
bir gator muhim vazifalarni belgilab beradi.

"Xotin-gizlar va erkaklar uchun teng huquq hamda
imkoniyatlar kafolatlari to'g'risida"gi Qonun (02.09.2019) —
gender tengligini ta'minlashning umumiy prinsiplari, davlat
organlari vakolatlari, turli sohalarda (mehnat, ta'lim, sog'ligni
saglash, saylovlar va h.k.) teng imkoniyatlar kafolatini
belgilaydi.

ILM-FANDAGI
TAHLIL

Gender siyosati amaliyotda yaqqol ko‘zga ko‘rinmoqda.
Ushbu jarayon ilm-fanda o‘z samarasini ko‘rsatmoqda.
Hozirgi kunda ilm-fandagi feminizatsiya jarayoni o‘z
samarasini bermoqgda va xotin-gizlar O‘zbekiston ilm-fanida
48 foizni tashkil etadi. O‘zbekistonda fan - jamiyatning eng
gimmatli Kkapitali, davlatning intellektual resursi. Mamlakat
ilm-fanidagi ayollar soni (2021 vyil): tabiiy fanlarda - 3.059;
texnika fanlarda - 1.393; ijtimoiy fanlarda - 2.508, gumanitar
fanlarda - 2.504 [2]

XOTIN-QIZLAR:  STATISTIK

1-jadval

ILM-FANDA XOTIN-QIZLAR [3]

Oliy ta’limdan keyingi
ta’limda tahsil
olayotgan xotin-qizlar:
15 926 nafar
47,8 %

Davlat byudjeti
mablag‘lari hisobidan
ajratilgan kvota
bo‘yicha:

(DSc) — 379 nafar
(PhD) — 6 551 nafar
Stajyor-tadgigotchi — 165
nafar

Joriy yilda davlat byudjeti
mablag‘lari hisobidan
ajratilgan kvota bo‘yicha:
(DSc) — 183 nafar
(PhD) — 2 833 nafar
Stajyor-tadgigotchi — 165
nafar

Mustagqil izlanuvchi sifatida
tahsil olayotgan xotin-gizlar:
(DSc) — 1 341 nafar
(PhD) — 7 490 nafar

2025-yilda xorijiy ilmiy
stajirovkaga yuborilgan
xotin-qizlar
Jami: 17 nafar

Turkiyaga — 9 nafar

Latviyaga — 1 nafar

Xitoyga — 3 nafar

Buyuk Britaniyaga — 1 nafar

Vengriyaga — 1 nafar

Belarus Respublikasiga — 1 nafar

Birlashgan Arab Amirliklariga — 1 nafar

1612ta 2022-2025-yillar 540 ta 2025-yil mart oyida “Olima
mobaynida “Olima ayollar” tanloviga taqdim etilgan
ayollar” tanloviga taqdim loyiha talabnomalari:
etilgan loyiha
talabnomalari:
156 ta Saralab olingan va 4081a Keyingi bosgichlarga tavsiya
moliyalashtirilgan etilmagan loyihalar:
loyihalar:
132 ta Turli bosqichlarda ko‘rib

127,3 mird so‘m

Umumiy giymati:

chigilayotgan loyihalar:
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OTMlardagi akademiklar soni (erkak/ayol) [4]

2-jadval

Yillar
Tir Ko‘rsatkichlar
2017 2018 2019 2020 | 2021 | 2022 | 2023 2024 2025*
Oliy ta’lim
1, | Muassasalarida faoliyat 30 30 30 27 26 23 23 56 56
yuritayotgan
akademiklar soni
Izoh: OTM larda faoliyat yuritayotgan akademiklar orasida ayollar yo‘q.
3-jadval
OTMlardagi fan nomzodlari (PhD) soni (erkak/ayol)
Yillar
TIr Ko‘rsatkichlar
2017 2018 2019 2020 2021 2022 2023 2024 2025*
Oliy ta’lim
muassasalaridagi
1. fan nomzodlari 6649 | 7050 7 868 9090 10029 | 10651 | 11477 | 13797 | 14723
(PhD) soni,
jumladan:
1.1 Erkaklar 4788 | 5050 5744 6 554 7231 7 680 8379 8706 9484
1.2 Ayollar 1861 | 1974 2124 2536 2798 2971 3098 5091 5239
4-jadval
O‘zbekiston OTMlardagi fan doktorlari (DSc) soni (erkak/ayol)
Yillar
Tir Ko‘rsatkichlar 2025
2017 2018 2019 2020 2021 2022 2023 2024 .
Oliy ta’lim
g | Muassasalaridagifan |y geg | 5003 | 9956 | 2312 | 2657 | 2799 | 2764 | 3197 | 3425
doktorlari (DSc) soni
soni:
1.1 Erkaklar 1183 1437 | 1602 | 1642 | 1888 | 1988 1935 2228 | 2446
1.2 Ayollar 483 586 654 670 769 811 801 969 979
5-jadval
Mahalliy jurnallarda nashr etilgan maqolalar soni
Yillar
Tir Ko'rsatkichlar 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025*
Professor-o‘qituvchilar
1. | tomonidanmahally | 5535 | G756 | 10484 | 13972 | 17 | 24654 | 3418 | 48669 | 9927
jurnallarda nashr 820
etilgan magolalar soni
6-jadval
Scopus/Web of Science bazalarida indekslanuvchi jurnallarda nashr etilgan magolalar soni
Yillar
Tir Ko‘rsatkichlar
2017 2018 2019 2020 2021 2022 2023 | 2024 | 2025*
Professor-o‘qituvchilar 1437
1. tomonidan Scopus/Web 364 421 1429 3739 | 3656 | 3876 550 3 2634
of Science bazalarida
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indekslanuvchi
jurnallarda nashr etilgan
magolalar soni

Mashhur va tanigli olimalar soni yildan vyilga
ko‘paymoqda.

O‘zbekistonda olimalar nafagat mamlakatimizda, balki
xorijiy davlatlarda ham ularning yutuglari tan olingan.

1. Dilfuza Egamberdieva - “Super crops” (super ekinlar)
loyihalari bo‘yicha mikroorganizmlarning o‘simliklar bilan
o‘zaro ta’sirini o‘rganadi, chekka yerlar, tuzlangan tuproqlar
va sho‘rli yerlarda ham o‘simlik qilib yetishtirish
imkoniyatlarini  yaratadi. Bu tadgiqotlar o0zig-ovgat
xavfsizligi, tuprogni tiklash, ekologik bargarorlik kabi
magsadlarga xizmat giladi.

2. Leyla Belyalova - biolog, ekolog, O‘zbekistonda
qushlar va boshga biologiya xilma-xillikni saglash, tabiiy
hududlarda monitoring va muhofaza ishlari kesimida faol.
Bu Bioxilmaxillik magsadlariga, ekologik tizimlarning
barqarorligiga hissa qo‘shadi.

3. Nilufar Robbanakulovna Avezova - gqaytaruvchi
energiya manbailari va energiya samaradorligi sohasida
keng tadgigot-qo‘llab-quvvatlash ishlari mavjud. Bu
O‘zbekistonning  energiya siyosatida, atmosferaning
ifloslanishini kamaytirish va “yashil” energetikaga o‘tishda
muhim rol o‘ynaydi.

4. Shaxlo Turdiqulova - biologiya fanlari doktori,
O‘zbekiston FA vitse-prezidenti lavozimini egallagan
birinchi ayol bo‘ldi. Inson genetikasi bo‘yicha bilimga ega
bo‘lgan u 160 dan ortiq ilmiy maqolalar, jumladan ikkita
darslik va ikkita monografiya tagdim etgan va xalgaro
nashrlarda 40 dan ortiq magolalar chop etgan.

5. Nilufar Mamadalieva - biokimyogar olima, uning
ilmiy  faoliyati  Markaziy  Osiyodagi  shifobaxsh
o‘simliklarning faol moddalari fitokimyoviy va biologik
tadgigotlariga qaratilgan. U 2011 vyili  hayot fanlari
sohasidagi yosh ayollar uchun tagdim etiladigan UNESCO-
L'Oréal mukofotiga sazovor bo‘lgan. 2014 yilda esa
rivojlanayotgan mamlakatlarning yosh ayol olimalari uchun
beriladigan Elsevier Foundation Award mukofoti bilan
tagdirlangan.

3. Xulosa

Bargaror rivojlanish magsadlari va vazifalarni bajarilishi

jarayonida O‘zbekiston davlati olima ayollari faol ishtirok
etmoqda. Bu magsadlarga erishishda ilm-fanning, xususan,
olimalarning roli begiyos. Ulap tahlil, innovatsiya, siyosat
yaratish va faoliyat samaradorligini oshirishda muhim
axamiyat kasb etadi.

TAVSIYALAR:

1. Mintagaviy ilmiy platformalar va forumlar sonini
ko‘paytirish;

2. Yosh tadgiqotchilar va ayol olimlarni qo‘llab-
quvvatlash;

3. Xalqaro tashkilotlar bilan hamkorlikni kengaytirish;

4. llmiy natijalarni  amaliyotga tatbig qilish
mexanizmlarini kuchaytirish.
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Forecasting the development of China—Europe freight flows through Central
Asia and Uzbekistan’s role as a transport and logistics hub

Abstract:

Keywords:
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Tashkent state transport university, Tashkent, Uzbekistan

The article examines current trends in the development of transport corridors between China and Europe
through Central Asia under the conditions of global economic transformation and increasing geopolitical
instability. Particular attention is paid to the role of the Republic of Uzbekistan as a key link in the
Eurasian transport and logistics system. The dynamics of freight flows along the Trans-Caspian route, as
well as the factors influencing the development of transit transportation, are analyzed. Based on statistical
data and materials from international organizations, the current state of the region’s transport
infrastructure is assessed. Using a scenario-based approach, a forecast of freight flows up to 2035 is
developed. It is established that Uzbekistan has significant potential to become a transport and logistics
hub through the development of multimodal transportation, digitalization, and integration into global
supply chains.

transport logistics, international transport corridors, Central Asia, Uzbekistan, transit transportation,
freight flows, China—Europe, Trans-Caspian route, multimodal transportation, transport and logistics
hub, foreign trade, freight flow forecasting

IIporuo3 pazsurus rpy3onorokoB Kuraii — EBpona yepe3 LlenTpanbHyo
A3HI0 ¥ PoJib Y30€KHCTAHA KAK TPAHCIOPTHO-JIOTHCTUYECKOro xada

Ceeramesa H.®.102 FOapamosa I'.M.X0P

TamkenTckuit rocy1apCTBEHHBIN TPAHCIIOPTHBIA YHUBEPCHTET, TalkeHT, Y36eKucTan

AHHOTAIWNA

Kunrouessie cioBa:

B craree paccMaTpUBAaIOTCS COBPEMEHHBIC TEHJICHIMH Pa3BUTHS TPAHCIIOPTHBIX KOPHUAOPOB MEXKIY
Kuraem n EBporoii yepe3 LleHTpanbHyio A3ui0 B YCIOBUAX TpaHC(HOPMAIMU MHPOBOM SKOHOMUKHU U
YCHIICHHS TeOoNoiIuTHYecKol HecrabmipHOocTH. Ocoboe BHMMaHME YyneneHo ponu PecryOmuku
VY30eKkucTaH KaK KIIOYEBOTO 3BEHA €BPa3HHCKOW TPaHCIOPTHO-JIOTUCTHYECKOH cucrembl. IIpoBenén
aHAJIN3 IMHAMUKH IPY30HO0TOKOB 110 TpaHCKAaCIUHCKOMY MapIIpYTY, a Takke (hJaKTOPOB, BIUAIONIMX HA
Pa3BUTHE TPAH3UTHBIX IIepeBO30K. Ha OCHOBE CTaTHCTHYECKUX JAHHBIX U MATEPUAIIOB MEK/TyHAPOJHBIX
OpraHu3allii BHINOJIHEHA OLEHKA TEKYIIETr0 COCTOSHHS TPAHCIOPTHOH MH(PACTpyKTypsl peruona. C
UCHOJIB30BAHUEM CLIEHapHOTO MOJXOJa pa3paboTaH IpOrHo3 rpysonorokoB 1o 2035 rona.
VYcraHoBneHo, 4To Y30eKHUCTaH 00IaaaeT 3HAYUTEeIbHBIM OTEHINAIOM (POPMUPOBAHHS TPAHCIIOPTHO-
JIOTUCTHYECKOro Xaba 3a cu€T pa3BUTHA MYJIBTHMOJAJIBHBIX NEPEBO30K, IU(POBU3ALMU U HHTET PALIUH
B IV100AJIbHBIC LETIOYKH HOCTABOK.

TPAHCIIOPTHAs JIOTUCTHKA, MEXKIYHApOJHbIe TPAHCIOPTHbIE Kopuaopbl, LleHrpanbHas —Asws,
V306ekucran, TpaH3UTHBIE MEPEeBO3KH, rpy3onoTokd, Kwurait-EBpoma, TpaHckacnmiickuii mapuipyrt,
MYJIBTHUMOJAJIbHbIE  IE€PEBO3KM,  TPAHCIOPTHO-JIOTUCTHYECKMH  Xa0,  BHEIUHAS  TOProOBIA,
IIPOrHO3UPOBAHKE I'PY30II0TOKOB

1. BBeaenue

Pa3Burue rpysonorokoB mexay Kuraem u EBpormoit
yepe3 LlenrpanpHyro A3uio B Onkaiiiiee IecsATHICTHE
OyzeT ompenensiThcs YK€ HE TOJIBKO SKOHOMHYECKOH
LeNIeco00pa3HOCThIO, HO U TEOMOJUTHYECKOI JIOTHUKO
MUpOBOU Toprosiu. LleHTpanbHas A3us, U Ipexkae BCEro
V30ekucraH, IOCTENEHHO BBIXOJUT M3  IIOJOXKECHHS
nepuGepuiftHOro BHYTPUKOHTHHEHTAJIBHOTO IIPOCTPAHCTBA
U TpEeBpalaeTcss B OJUH M3 KIOUEBBIX 3JIEMEHTOB HOBOIl
€Bpa3HNCKON TPAaHCIOPTHOM apXWUTEKTypel. Eciu B
MIPeABIIYIINE JECSITUISTUS] OCHOBHAs Macca CyXOIYTHBIX
nepeBo3ok Mexxny Kuraem u EBpomoii opueHTHpoOBanach
MPEeUMYIIIECTBEHHO HAa CEBEpHbIE HAMpaBICHUS, TO B

3% https://orcid.org/0000-0002-2149-7218
b https://orcid.org/0009-0001-4002-6657

COBPEMEHHBIX  YCIOBHSX PE3KO BO3pOCIO  3HAYCHHE
QIBTEPHATUBHBIX MapIIPYTOB, CIIOCOOHBIX O00ECIEYUTh
JMBEpCU(UKALIMIO PHUCKOB, YCTOHYMBOCTH HOCTABOK M
CHI)KEHHE 3aBUCUMOCTH OT OJIHOT'O TPAH3UTHOT'O BEKTOPA.

Nmenno mnosromy TpaHckacnuiickuii MapumpyT u
CONpPsKEHHBIE ¢ HUM LIEHTPAIbHOA3UATCKUE HAIpaBICHUS
CETOJHs PACCMATPHBAIOTCS HE MPOCTO KaK Pe3ePBHBIE, a KaK
CTpaTeruyecku HeoOXOAUMBIE IS MUPOBOM JIOTUCTHKHU.
Bcemuphblii  06aHK yKa3pIBaeT, YTO INpPH peaTu3aluu
HEOOXOAUMBIX HMH(PACTPYKTYpPHBIX M OPraHH3al[MOHHBIX
Mep Trpy3omorok no CpenHemy KOPHIOpY —yepe3
Kacmuiickoe mope MoxeT yTpoutscs k 2030 roay u 10CTHYb
11 MJH. TOHH, TPH STOM BpPeMs MEPEBO3KH MOXKET ObITh
COKpaIlleHoO puMepHo Bgoe [1].
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B ostom mpomecce ponb Y30ekucTaHa CTaHOBHUTCS
ocobeHHO 3HaunMOH. PecmyOnmuka 3aHMMaeT HEHTpaIbHOE
IIOJIOKCHUE B PETHOHE, CBA3bIBas HAIPABICHMA Ha
Kasaxcran, Keipreiscran, Tapxukucran, Typkmenuctan u
Adranucran, a yepe3 Hux — Ha Kuwraii, Kaskas, Hpan,
INakucran, Typuuto u Espomy. /i crpassl, He UMEIOIIEH
IIPSIMOT0 BBIX0J1a K MOPIO M K TOMY K€ SIBJIIOLLECHCS 1BAXKIb
BHYTPUKOHTHHCHTQJIBHOW, TPAHCIOPTHAs  CBSI3aHHOCTb
BBICTYIIA€T HE IMPOCTO  OTpacieBOd  3ajgaued, a
(yHIaMEHTAIFHBIM ~ YCJIOBHEM  BHEIITHEIKOHOMHYECKOI
YCTONYMBOCTH.

2. MeT010J10rusl MCCJIeI0OBAHUSA

B pabote rcnons30BaHEl METOIBI CHCTEMHOTO aHAIN3a,
9KOHOMHKO-CTaTHCTHIECKOTO aHaJN3a M CPaBHHUTEIHHOTO
aHaJuW3a  TPAHCIIOPTHBIX  KOpWIopoB. Jlmsi  OmeHKH
TIEPCTIEKTHB Pa3BUTHS TPY30IMOTOKOB IPUMEHEH CIIEHAPHBII
MMOJIXO/, BKJIFOYAIONMIA KOHCEPBATHBHBIN, O0a30BbIA U
YCKOPEHHBIH BapraHTHI pa3BuTys. MHpopManmoHHoM 6a30it
WCCIIEIOBAaHUA TOCIHYXXWIH  JTaHHBIE  MEXIyHapOIHBIX
opranmsarmit  (World Bank, OECD), crarucruueckue
Matepuanbl PecriyOnukn Y30ekucTaH, a TakKe HaydHbIS
IyOIMKauK B 00JIACTH TPAHCTIOPTHOH JIOTUCTHKH.

3. Pe3yabTaThl U 00CyKIeHNE

WudpopmarmonHoi 6a30if uccienoBaHUs MOCITYKHIN
JaHHble MeXIyHapoaHbix opranmsammi (World Bank,
OECD), craructuyeckne Marepuansl  PecryOnuku
V30ekucran, a Takke Hay4yHble ITyONMKAaIUMH B 00JAcTH
TPaHCIIOPTHOM JIOTUCTHKHU.

OECD ormeuaer, 4to Y30eKHCTaH paccMaTpHBaET
yIydIICHHE TPAHCIOPTHOW CBSA3HOCTH Kak OJHY M3
KJIFOYEBBIX Lienieil cBoeil crpareruu pazsutust: k 2030 rogy
IIOCTaBJICHA 3aJaya JIOBECTH 00BEM Tpy30B, MPOXOIALINX
4yepe3 TEPPUTOPHIO CTPaHbl, 10 15 MIH. TOHH, COKPaTUTh
BpeMsl  JKEIE3HOJOpOXKHOW  mepeBo3kd  Ha  40%,
anekTpuuuupoBaTh 65% KENE3HOJOPOXKHOH CeTH u
CYIIECTBEHHO PaCUIMPUTDH JOPOXKHYIO UHDPACTPYKTYpY [2,
3]

TpancnoprHo-norucTudeckas (QyHKIms Y30eKucTaHa
YCHIIMBAETCS U 32 CUET MOAEPHU3ALMU COOCTBEHHOM CETH.
ITo pmaHHBIM WMHBECTHUIMOHHOIO THja Y30eKucraHa, IO
cocTosiHuI0 Ha 2024 roa npoTsHKEHHOCTD JKEJIE3HBIX 10POT
CTpaHbl COCTaBIISIa OKOJIO 7,4 THIC. KM., U3 KOTOpPBIX 2,4
TBIC. KM. 3JICKTPU(UIMPOBAHBI, a HKEIE3HOAOPOIKHBIM
TPAHCIOPTOM €KETOTHO MEPEBO3UIOCH NOYTH 74 MJIH. TOHH
rpy30B. OIHOBPEMEHHO pa3BHBAIOTCS aBTOMOOHIBHBIE
KOPHIOpbL:  NPOTSDKEHHOCTh  aBTOAOPOXKHOM  ceTu
oueHuBaercs B 209,5 ThIC. KM, a 00bEM TIpYy30B,
nepeBe3EHHBIX aBTOMOOMIIBHBIM TpaHcopToM B 2024 roay,
poctur 1,4 MapA. TOHH.

OtaenbHOEe ~ CTpaTerMuecKoe — 3HAuYeHHE  HMeeT
KeNE3HOJOPOKHBII MIPOEKT Kuraii-Keipreizcran-
V30ekucTaH: TOCNIe 3aBepIICHHS 3Ta JIMHHUS, COIJIACHO
odHUIMaNbHBIM MaTepHaiaM, CMOXeT obecrednts a0 15
MJIH. TOHH Tpy30B B rox k 2030 roay, ¢bopmupys Oonee
KOpoTkuid ¥ 3(dexktuBHbIi BbIxog u3 Kuras B
LentpansHyto A3uio U Janee Ha 3amajaHble peIHKH [4, 5, 6].

Taoauua 1
JIMHAMHUKA M NIPOrHO3 I'PY30N0TOKOB 110 HANIPABJICHUIO
Kuraii — EBpona 4epe3 IlenTpanbnyio A3uio

Ton Obném, Xapakrep OLeHKH
MJIH. TOHH
2023 2,7 (hakTrueckmii 00bEM
2024 45 (hakTHIECKUI/OTICHOYHBIH
' HTOT ToJia

MPOTHO3 NP YCTIEITHOH

2030 150 MOJICpHU3ALMU KOpUI0pa
KOHCEPBAaTHUBHBIN

2035 13-15 CIICHApHI, aHATUTHYECKAs
OIIeHKa

2035 1518 0a30BbIif CIEHApHH,
AQHAJMTHIECKas OI[CHKA

2035 18-20 YCKOPEHHBIN CLIEHapHH,
AQHaJMTHIECKas OI[CHKA

CoOCTBEHHO BHEITHETOProBasi TMHAMUKA Y30eKHUCTaHa
MOATBEPKIALT, YTO CTPaHa yKe Iepenuia B (ha3y akTHBHOTO
BKIIIOYCHUs] B IIIOOATbHBIE IETIOYKH I0CTaBOK. [lo
Npe/IBapUTENIbHBIM JaHHBIM HaloHampHOTO KOMHTETA TI0
CTaTUCTHKE, BHELTHETOPrOBBIi 000poT Y30ekucrana B 2025
roxy poctur 81,2 mapn pomtapos CIIA, u3 kotopeix 33,8
MJIPJI JIOJUIAPOB TPHILIOCH HAa SKCIOPT; TOPTOBBIE CBS3U
nojzepkuBanuch ¢ 210 ctpanamu mupa [7]. Kpynueimmmu
HampaBleHUsIMH ~ 3Kcmopta cranu  Poccums,  Kurai,
Kazaxcran, Adgranucran, Typrms, @pannust, Keiprescray,
OAD, Tamxkukucrad u Ilakucran. DTo MoOKa3bIBacT, YTO
9KcropTHas  reorpadus  Y30ekuctaHa ~ yxxe ~— He
OIPaHUYMBACTCS COCEIHMMM DBIHKAaMH M BCE B Ooublueit
CTEIEHHU NPUOOpeTaeT MHOrOBEKTOPHbIH XapakTep.

Tabnnna 2
Kpynneiimue cTpaHbl Ha3HAYEHHS YKCIIOPTA
V3b6exucrana B 2025 roay

Crpana l(l)(g:;;e:McmzzccnopTa, MJIPA
Poccusa 4,3

Kuraii 2,5

Kasaxcran 1,5

Adranucran 1,5

Typuus 11

Opaniys 0,872

Keiprecran 0,771

OAD 0,721

TamxuKkucTan 0,683

Obcyxaenne pesynbraroB. OcoOblil aHATUTHYECKHI
UHTEpEC NPEICTaBIsIeT MPOTHO3 TIpy30HoTOKOB Kwuraii-
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EBpoma uepe3 llenrpameHyto Asmio no 2035 roma. Ha
CETOIHAIIHMN JeHb HanOonee TBEPAOH OMOPHOIT OIEHKOIt
ocrtaéres mporHo3 BeemupHoro 6anka 10 2030 rojga — okoJo
11  MmH. TOHH TpH  YCIOBHHM  IIOJHOLEHHOI
omneparoHanu3anuy CperHero Kopuaopa.

[Ipu 5TOM akTHUECKasT ANHAMUKA Y>KE TEMOHCTPUPYET
YCKOpEHHE:

- o00béM mepeBo3ok 1o  TpaHCKacIHiiCKOMY
MEXXTyHApOJHOMY MapIIpyTy BBIpoc C 2,764 MIH. TOHH B
2023 roxy no mpumepHo 4,48 MiH. TOHH 110 utoram 2024
roza;

- B 2025 roxy, mo cooOIIeHUsM O TEKYyIIeH TUHAMUKE,
00béM  coctaBua  Okojio 4,12  MIH. TOHH, 4YTO
CBHIETENBCTBYET HE O Pa3BOPOTE TEHJCHIMH, a CKOpee O
YyBCTBUTENFHOCTH MapumipyTa K HHPPACTPYKTYPHBIM
OTpaHWYEHHsIM, TIOTOTHBIM YCIIOBHSIM M Y3KHM MeCTaM Ha
MOPCKHX ¥ IOTPaHUYHBIX YIaCTKaX.

Ecnm ucxomuTh W3 codeTaHWS YKe JOCTUTHYTOH
TMHAMUKY, OQHUINAIBHON OleHKH BcemmpHoOro 06aHka Ha
2030 rom W  TPOAOIDKAIOMIMXCS ~ MHBECTUIUN B
KEJE3HOIOPOXKHYIO, TIOPTOBYIO u dpoByro
nHppacTpykTypy, To K 2035 romy MOXHO OXHMIATh
JanbHEHIIEro pocra nepeBo3ok Mexay Kuraem n EBpomoit
yepes LleHTpaneHyto A3uro. 31eck KOPPEKTHEE TOBOPUTH HE
00 onHOI XECTKOI 1Mdpe, a 0 CIeHapHOM JuanasoHe. B
KOHCEpBATUBHOM CIIEHApHH, IIPH COXPAHEHHWH YacTH
TEKYIIMX Y3KMX MECT — OIpaHWYeHHOH HPOIYyCKHOU
cniocobHoct noproB Akray, Kypbik, TypkmeHOamm un
Anst, pedumure ¢ora Ha Kacrmu, HEogHOPOIHOCTH
TapudOB U MPOIETYP, IPY30IIOTOK MOXKET BBIUTH IIPHMEPHO
Ha 13-15 muH ToHH B roa k 2035 rony (8, 9].

B 06a3oBoM cueHapuM, TpU MOCJIE-IOBATEIbHON
MOZEpHM3aUMKM  MHPacTpyKTyppl M IU(POBH3ALUU
npouenyp, Oosnee BEpOSTHBIM IPEICTAaBIACTCA AWANA30H
15-18 muiH. ToHH. B yckopeHHOM cueHapuu, ecnu OymyT
CHHXPOHHO YCTPAaHEHbl OCHOBHBIC HH(PACTPYKTYpPHbIE
Oapbepbl,  pacUIMPEHbl  KOHTCHHEPHbIE  MOIIHOCTH,
3aBEpIICHbl KIIIOUCBBIC JKEIE3HONOPOXKHBIE IPOEKTHl U
obecrieueHa  BBICOKAs  IIOJMTHUKO-MHCTHTYLHOHAIbHAS
KOOpJIMHALMSA CTpaH KOPHIOpa, MOTEHLIHAIbHBIH 00BEM
MOXeT NpuOan3uThest K 18-20 MIH. TOHH B rol. JTO He
ounmanpHas CTATHUCTHKA, a aHAJIUTHYECKas
9KCTPANoILMs. Ha OCHOBE TEKyLIIMX TPEHIOB U
omyOiinkoBaHHOro pyoesxka B 11 miH. TonH k 2030 roxy.

[pu 3TOM ciieyeT NOAYEPKHYTh, YTO JaXKe IIPU POCTe
TpaH3UTa 0 yKa3aHHBIX ypoBHeil LleHTpanbHas Asus He
BBITECHUT MOPCKHE MapIUPYThl U HE 3aMEHHUT IOJHOCTBIO
CEBEpHBIN CyXOMyTHbIN kopuaop. [Ipu ycrerHoM pa3BUTUR
CpenHuii KOPUIOP OCTaHETCS B 3HAYUTEIBHOW CTEMEHH
PErHOHANBHBIM, & MEXKOHTHHEHTAJIbHAas TOProBisl Oyzer
cocraiiath MeHee 40% ero o0béma kx 2030 rony.
CreoBarenbHO, TJaBHAsS CHJIA 3TOTO Mapuipyra — He B
a0COJIIOTHOM JIOMUHUPOBAHKY, a B QYHKLUK CTPaXYIOILETO,
MBEPCUDUIMPYIONIET0 M TE0IKOHOMHUYECKH THOKOTO
kaHana. IMEHHO B 3TOM KOHTEKCTe Y30eKHCTaH MOoaydaeT
IIAHC 3aKPENUTHCS KaK LEHTPaJIbHbIM pacipeeTuTeNbHbIN
y3e]1 peruoHa: He TNPOCTO TPaH3UTHAsS TEPPUTOpUs, a
NPOCTPAHCTBO, TA€ (OPMHUPYIOTCS MYJIBTH-MOJAIbHbIE
LIENIOYKH, JIOTUCTUYECKUE CEPBUCHI, CKIIaJICcKas oOpaboTka,
KOHTEHHepHast KOHCOJIHJIAIHUS, TaMOKEHHOE
CONPOBOJK/ICHUE U 100aBICHHAs! CTOMMOCTb TPAHCTIIOPTHON

YCIYTH.

Ponp Y30ekucrana Kak TPaHCIHOPTHO-JIOIMCTUYECKOTO
xaba perHoHa IpOSBISIETCS Cpasy B  HECKOJIBKHX
U3MEPEHUsX.

Bo-nepBbIx, 3TO IIPOCTPAaHCTBEHHBIH y3eln,
CBS3BIBAIONINI BOCTOUHEIE H 3aI1aJHBIE, CEBEPHBIE U FOXKHBIE
HaIpaBJICHHUSL.

Bo-BTOpBIX, 3TO HHCTHTYIIMOHAJIBHBIN y3€]1, B KOTOPOM
HOCTEIIEHHO tdopmupyercs Gonee COBpEMEHHasI
JOTUCTHYECKas cpela. B cTpaHe akTMBHO NpoJBUTaeTcs
U(pPOBU3aNUST TAMOXKEHHBIX U TPAHCIOPTHBIX HPOLERYD:
qucao  UUGPOBBIX  MHOOPMALMOHHBIX ~ CHCTEM B
TaMOXKEHHOH c(epe TOCTHTIIo 35, SKCIIOPTHEIE TIPOLEIyphI
OBIIIM COKpAILEHBI C AEBATH 10 TPEX CTaiui, a ypOBEHb
udpoBU3aUM  JOKYMEHTOB IS  BHEIIHETOPIOBBIX
oneparmit mpudnusmics k 98%; kpome TOro, OTCICKUBAHIE
rpy3oB 1 pasButhe cucteM Single Window, e-TIR u e-CMR
TIOBBIIIAIOT CKOPOCTh MPOXOXKIEHUs rpaHull. [t xaba 3To
KPUTHYECKH BaYKHO, MIOCKOJIBKY COBPEMEHHBII
JOTUCTHYECKUH LEHTP ONpeAesieTcss yXKe He TOJIBKO
reorpaguell, HO M CKOPOCTBIO 00pabOTKM HH(OpMAINH,
MIPeJICKa3yeMOCTbI0 TIPOLEyp M KauecTBOM CEPBHCHON
Cpelbl.

B-Tperbux, VY30eKkucTaH yCHIMBAaeT CBOIO XaboBYIO
GyHKIMIO 32 CU€T PasBUTHA  MYJBTHUMOJAIBHBIX U
TEepMUHAIBHBIX MomHocTeil. Co3[aHue JIOTMCTHYECKHX
LIEHTPOB Ha IOTPAHUYHBIX >KEJIE3HOIOPOXKHBIX CTAHLUSAX,
pasBHTHE KOMITaHUH «Temiryulkargo» JUIst
MYJIBTUMOJATBHBIX U «door-to-door» omepanmii, a Taxxe
IUTaHBI IO CO3/IaHUIO HOBOT'O TPaHCIIOPTHO-JIOT UCTHYECKOTO
xaba B Anmmxane coBMmecTHO ¢ «Rhenus Logisticsy.
OIHOBpPEMEHHO HPOOIKACTCS MOZEPHU3ALMSA
a’pOTIOPTOBOH UHPPACTPYKTYPBI: TamkeHrckuit
MEXIyHapOAHbIH a3pOINOpT COXpaHAET pONb IJIaBHOTO
aBMALIMOHHOIO y3J1a CTPAHbl, a HOBBIH I'Py30BOi TepMUHAI
JOJDKEH YBEIHYMTh BO3MOXKHOCTU 10 OOCITY>KHBAHHIO
TOProBBIX IOTOKOB. Bc€ 310 03Hauaer, uro Y30ekucraH
HOCTETICHHO ()OPMHUPYET KOHTYpPbI HE TOJIBKO TPAaH3UTHOH,
HO U pacIpe/elMTENbHON JIOTUCTUKH, I CTPaHa MOXEeT
CTaTh TOYKON KOHCOJIHMIALIMH TPY30B JUIS BCEIO PEertoHa.

Tabnnna 3
DaKkTOpbl, yCHIMBAIOIIME POJIb Y30eKUCTaHA KAK
TPAHCHOPTHO-JOTHCTHYECKOI0 Xada

Hanpasiienue Copep:xanune
LentpanbHoe MoJI0XKEHNE
Mexay Kuraem, ctpanamu
T'eorpaduueckoe Y » 1P
LenTpansHoit A3ny,
HOJIOXKEHUE
Kagxkazom, Upanom,
Adranucranom u Eporoit
7,4 TBIC. KM KeJIe3HBIX JOPOT,
Keneznonopoxxuas
et U3 HUX 2,4 ThIC. KM

ANEKTPUDUILIPOBAHBI

ABTOZIOpPOKHAS CETh 209,5 TBIC. KM A0pOT

[Ipoext Kuraii — Keipreiscran
— V36ekuctat ¢
MOTEHLIUAIBHOM MPOITyCKHOM
CHOCOOHOCTRIO 110 15 MiTH
TOHH B rox k 2030 r.

HoBrblii BOCTOYHBIH
KOPUIOp
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COKpAIIlEHHE 3KCTIOPTHBIX
Hudpouzanus nporexyp ¢ 9 o 3 cramuit,
JIOTUCTUKHU M pOBU3AIHUS TOKYMEHTOB
10 98%
JIOTUCTUYECKUE [ICHTPHI Ha
MTOTPAHUYHBIX CTAHIIHAX,
MynsTUMOIATTHHEIC .
paszsurue Temiryulkargo,
MOIIHOCTH ?
IUTAHUPYEMBIi Xab B
AHmxane
TamkeHT Kak OCHOBHOI
ABHanuoHHas . .
ABUAIIMOHHBIN y3€JI, HOBBII
JIOTUCTHKA .
Tpy30BOil TEpMUHAIT

OpHaKO TepCIeKTHBB PETHOHA HENb3s OIIEHHBAThH BHE
KOHTeKCTa TrnobanbHOi HecrabmipHOCTH. COBpeMeHHas
MOJIMTHYECKass 0OCTAaHOBKAa B MHpPE — 3TO COBOKYITHOCTH
CaHKIMOHHBIX  PEXUMOB,  BOCHHBIX  KOH(IIMKTOB,
(parmMeHTaINH MHPOBOH TOPTrOBIIH, YCHITCHHS
MPOTEKIIMOHM3Ma W BO3pacTaHWsi  TpeOOBaHMH K
ycToiuuBocTH 1enei nocraBok. s LlentpaneHoit Azuu
3TO CO3/1aéT ABONCTBEHHBIH 3D deKT.

C opmHOH CTOPOHBI, HECTaOWIFHOCTh MOBBIMIAET
TPaH3UTHYIO IIEHHOCTh PErnoHa, OCKOJIBKY TOCYJapcTBa U
KOMITaHWM HIIYT albTepHATHBHBIE MapUIpyThl B 00XO
KOH(JIMKTHBIX 30H U YPE3MEPHO 3aBUCHUMBIX HAIPaBICHHH.
C npyro#l CTOpPOHBI, Ta K€ HECTaOWILHOCTH MOBBIIIACT
CTOMMOCTb ~ KallUTaja,  YCIOXHSET  JOJIrOCPOYHOE
TUIaHWPOBAHHE, Jienaer HEepeBO3KH Goiee
YyBCTBUTENBHBIMU K  TOTPAHUYHBIM  3aJEpiKKaM,
KoneOaHusiM TapudoB, CAaHKIMOHHBIM OrPAaHHYEHHSAM U
MOJMUTHYECKUM  PEIIEHUAM  COCEIHHUX  TOCYAapCTB.
TpaHckacIUiCKUii MapIIpyT Kak Ooyiee TOpOroil U MeHee
MPEACKa3yeMblii 10  CPABHEHUIO C  YCTOSIBIIMMHUCS
HanpaBJICHUSAMH, a JONONHHUTEIBHBIMH HCTOYHUKAMH
HEONpPeeNEHHOCTH BBICTYNAIOT MOTOJHBIE YCIOBUS Ha
Kacrin, HexBaTka MyJIbTUMOJANBHOW MHQPACTPYKTYphl U
3aBUCHMOCTh OW3HEC-MOJEIM KOpHIOpa OT JaibHeilmeit
reornoauTudecKoi kKondurypamuu EBpasum.

CrenoBarenbHO, BIMSHEE MUPOBOI HECTAOMIIBHOCTH Ha
pasBurue llenrpanpHoit A3uu u VY30ekucrana He Oyzner
OJIHO3HAYHO HeraTWBHbIM. HampoTuB, B CpeIHECpOYHOM
NEPHOJIe OHA, BEPOATHEE BCErO, YCUINUT 3HAYEHUE PErHOHA
KaK IPOCTPaHCTBAa CTpaTernieckoil aueepcudukaimu. Ho
JUIsL TIPEBPALLEHUS 3TOTO reorpagM4eckoro NpeuMyIecTsa
B YCTOWYMBBIN SKOHOMHUYECKHH AP HEKT OJHNUX TPAH3UTHBIX
MOTOKOB ~ HejocratouHo. HeoOxomumo — panbHeilnee
pa3sBUTHE CYyXHMX IIOPTOB, KOHTEHHEpPHBIX TEPMUHAJOB,
pacIpesieuTeNbHbIX LEHTPOB, JOTUCTUYECKUX I1apKOB,
CEpBUCOB TAMOXEHHOI'O CONPOBOXKICHUS, CTPAXOBAHUSA,
mu(poBOro MOHMUTOPHHTAa M CKIIQJICKOH IepepaboTKH.
HmenHo torma Y30eKHCTaH CMOXET MEPeWTH OT craryca
«TEPPUTOPHU TPOXOXKACHUS» K CTaTycy IOJHOLEHHOIO
TpaHCIOPTHO-TorucTudeckoro xaba LlenrpanpHoit Azuwm,
aKKyMyJIMPYIOIIEr0 HE TOJNBKO TPAH3WUT, HO M BBICOKYIO
J00aBIEHHYIO CTOUMOCTb.

4. 3akaodyeHue

CoBpeMEHHOE pa3BUTHE TPAHCHOPTHOH  CHCTEMBI
EBpazuun MIPOUCXOIUT B YCIOBUSIX TITyOOKOH

TpaHchopMaImn MUPOBOH SKOHOMUKHY,
CONPOBOXKIAFOLIEHCS HU3MEHEHUEM JIOTUCTHYECKHUX
MapIIpyToB, YCHJIICHUEM KOHKYPEHIIUH MEX]y

TPAaHCHOPTHBIMH ~ KOPHIOpAaMH ¥ HEOOXOIUMOCTBIO
IuBepcUUKAINN MEXTyHApOJHBIX ILeneil mocTaBok. B
9THX  ychoBuwsix  lleHTpanpHas ~ A3us  NOCTEHNEHHO
npeBpamaercss 13 Nepu(epruifHOro perrmoHa MHPOBOIT
TOPrOBIM B BAXHOE 3BEHO  MEKKOHTHHEHTAIBHBIX
TPaHCIOPTHBIX KOMMYHHUKAIIH, CBSI3BIBAIOIIHX
KpyHHeHIme 3KOHOMUYecKkne IeHTpsl Bocroka m 3amana.
Ocobast poixp B JAaHHOM TIpOLECCe IMPHUHAITICKHUT
PecniyOimuke Y30ekuctaH, KoTopas Onaromapsi CBOEMY
reorpagM4ecKoMy IIOJIOXKEHHIO, Pa3BUTHIO TPAHCIIOPTHOM
HHQPACTPYKTYpsl W TPOBOAMMOH  SKOHOMHYECKOH
TOJIUTUKE (OPMHUPYET TPEINOCBUIKA JUISl CTaHOBIICHHS
OJTHOTO W3 KITIOUEBBIX TPAHCIIOPTHO-JIOTHCTHYECKHX Y3JI0B
peruoHa.

AHanM3 CyIIECTBYIOIIMX TPAHCIOPTHBIX KOPHIOPOB
TTOKA3bIBAET, YTO HAIPaBJICHHE MePeBO30K Mexkny Kuraem n
EBporoii  uwepes  llentpampHyro  Asmro  oOnamaer
3HAYNTEIEHBIM TTOTEHIHAIOM pocra. PazBurtne
TpaHCKacMHCKOTO  MEXIYHApOJHOTO  TPAHCTIOPTHOTO
MapuipyTa, peanu3anus IKeJe3HOJOPOKHOTO IPOEKTa
Kuraii-Keipreizcran-Y36ekucras, MOJIepHU3aLYs
JKEJe3HOJIOPOXKHOM M aBTOMOOMIbHOM MH(pacTpyKTypsbl, a
TaKke BHEJpeHHe NU(POBBIX TEXHOJIOTMH B chepe
TaMOXKEHHOTO W TPAHCIOPTHOTO  aJMHHUCTPUPOBAHHUS
CO3Jal0T  OJarONpPHSTHBIE YCIOBUS JUIL  YBEJIWYCHUS
00bEMOB TPaH3HUTHBEIX NepeBo30K. COrlacHO MMEIOIINMCS
IIPOTHO3aM M aHAJTUTHYECKUM oleHkaMm, K 2035 roxmy
rpysomnotoku Mexay Kutaem u  EBpomoil  uepes
LEHTPaIbHOA3UAaTCKUI PErMoH MOryT AocTudb 15-18 MuH.
TOHH B T0J npu 0a30BOM CIEHApUM  Pa3BUTHA
UHQPPACTPYKTYPhI U KOOPAUHALUH TPAHCHIOPTHOH MOJIUTHKA
CTpaH peruoHa.

B TO e Bpems pa3BHTHE TPAHCIOPTHBIX KOPUIOPOB
HPOMCXOJMT B YCJIOBHAX BBICOKOH TI'€OINOIMTHYECKON M
9KOHOMUYECKOI1 HecTaOHIIBHOCTH. Ycunenue
MEXIYHapOJHON TIOJIUTUYECKOM HaNpPsDKEHHOCTH,
CAaHKIMOHHAS IIOJMTHKA, PErHOHAIbHBIE KOH(IMKTBI M
TpaHcopMaIMsi MHPOBOM TOProOBO CHCTEMbI CO3IAIOT
JOTIOJIHUTENbHbIE ~ PUCKH  JUIl  (DyHKIMOHHUPOBAHUSA
rIIO0AIBHBIX JIOTMCTHYECKMX Leneid. OJHaKo JaHHbIE
HpOIECCHl  OJHOBPEMEHHO  (OPMHPYIOT M HOBbIE
BO3MOXHOCTH 1 LleHTpanbHOl A3uu, TOCKOJIBKY
roCylapcTBa U MEXKIYHAPOIHbIE KOMIIAHMM CTPEMATCS
JMBepcuUIMPOBaTh MapIIPYThl IIOCTABOK W CHHU3MTH
3aBUCUMOCTb OT OTJEJIBHBIX TPAH3UTHBIX HalpaBieHUd. B
pe3yJibrare ajabTepHATHBHBIE TPAHCIIOPTHBIC MapIIPYThI,
npoxozane 4epe3  crpaHsl  LleHTpanbHON  Asuy,
npuoOpeTaloT Bce Oomblliee 3HAYCHHE B CUCTEME
MEKLyHapOIHBIX NEPEBO30K.

B oroif cBa3u VY30ekucraH uMeeT OOBEKTHBHBIE
NPENOChUIKH 111 ()OPMUPOBAHHS POJIH PETMOHAIBHOTO

TPaHCHOPTHO-TOTUCTHYECKOTO xaba. LenTpansHoe
reorpa)yecKkoe IMOJI0KEHHE, Pa3BUTas CETh XKENE3HBIX U
ABTOMOOWJIBHBIX JIopor, aKTHUBHOE pasButHe

MYJIBTUMOJIQJIBHBIX ITIEPEBO30K, CO3JAaHUE JIOTMCTHYECKHX
HEHTPOB M CYXHMX TOPTOB, a TaKkke LH(PPOBU3ALNS
TPAHCIIOPTHO-JIOTUCTHYECKUX ~ TPOLECCOB  MO3BOJIIOT
CTpaHe HE TOJbKO O00ecHedMBaTh TPAaH3UT IPY30B, HO U
(hopMHpPOBATh [OMONHUTENBHBIE CEPBUCHI OOpabOTKH U
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pacripesieNieHrsI TOBAPHBIX TIOTOKOB. JTO, B CBOIO OYepe.p,
CHOCOOCTBYET pPOCTYy BHEIIHEH TOPrOBIM, Pa3BUTHIO
TPAHCIIOPTHOH  HWHQPACTPYKTYpsl M yKPEIUICHHIO
SKOHOMHUECKOH yCTOMYMBOCTY CTPAHBI.

Taxum 06pa3zoM, nanbHEHIIee pa3BUTHE TPAHCIIOPTHO-
JIOTHCTHYECKOHM cucTeMbl Y30ekucrana u lleHTpanmbHOI
Aszun B 11esioM OyZeT OnpenessaThesl CTENEHBI0 HHTErPaliii
peruoHa B MEXIyHapOJHbIE TPAHCIIOPTHBIE KOPHUIOPSI,
3QPEeKTUBHOCTBIO  MH(PACTPYKTYPHBIX  HMHBECTHIHH,
COBEPILCHCTBOBAHUEM  MHCTUTYLHOHAIBHOM Cpelpl U
YpOBHEM MEX/{yHapOJHOTO COTPYAHUYECTBA. B
JIOJITOCPOYHOM IepcrieKTuBe (OPMHUPOBAHUE YCTOWYMBOI
CeTH  MYyJNbTUMOJAIbHBIX  IEPEBO3OK U pa3BUTHE
TPaH3UTHOTO MIOTEHIIMAIA PETHOHA CIIOCOOHBI CYIIECTBEHHO
TIOBBICUTE poitb LleHTpansHOi A3nH B 1I100aIbHOI cUcTeMe
IPY30BBIX INEPEBO30K, MPEBPATUB €€ B Ba)KHBIM 3JIEMEHT
€Bpa3niiCKON TPaHCIIOPTHOH HHPPACTPYKTYPEL.
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Application of artificial intelligence and GIS technologies for zoning areas at
risk of sand drift on highways

N.M. Jarilkapova!, Kh.D. Abdullaev!
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Sand drift and sandstorms pose a complex hazard to highways in arid regions, causing reduced visibility,
deterioration of pavement surface friction properties, and increased operating costs [1], [2]. According
to recent estimates, drylands cover 40.6% of the Earth’s land surface, while sand and dust storms affect
approximately 330 million people in more than 150 countries [1], [3]. This thesis proposes an approach
based on the integration of artificial intelligence (Al), remote sensing, and GIS for identifying and zoning
areas at risk of sand drift on highways into five categories. By combining Sentinel-1/2, Landsat, ERA5-
Land, DEM, and road geometry data, it is shown that the probability of risk can be dynamically assessed
for road sections. The literature review reports AUC values of 96.2% for the RF model, 0.94 for SVM,
and loU values of up to 89% for U-Net in desert road extraction [5], [6], [7]. As a result, a practical
zoning scheme was developed to support monitoring, prevention, and investment prioritization for roads
passing through arid regions of Uzbekistan and adjacent risk zones.

sand drift, hazardous zone, zoning, artificial intelligence, GIS, remote sensing, highway, Sentinel-1,
Random Forest, U-Net

Keywords:

Avtomobil yo‘llarida qum ko‘chishi uchun xavfli zonalarni hududlashtirish
uchun sun’iy va GIS-texnologiyalari qo‘llash

Jarilgapova N.M.%, Abdullayev X.D.!
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Qum ko‘chishi va qum bo‘ronlari qurg‘oqchil hududlardagi avtomobil yo‘llari uchun ko‘rish
masofasining qisqarishi, goplama sirtining ishqgalanish xususiyatlari pasayishi va ekspluatatsion
xarajatlarning oshishi bilan bog‘liq kompleks xavf tug‘diradi [1], [2]. So‘nggi baholashlarga ko‘ra, quruq
hududlar Yer qurugligining 40,6 % ini egallaydi, qum va chang bo‘ronlari esa 150 dan ortiq
mamlakatdagi taxminan 330 mln aholiga ta’sir qiladi [1], [3]. Mazkur tezisda avtomobil yo‘llarida qum
ko‘chishi uchun xavfli zonalarni aniglash va besh toifada hududlashtirishda sun’iy intellekt (SI),
masofadan zondlash va GIS integratsiyasiga asoslangan yondashuv taklif gilinadi. Sentinel-1/2, Landsat,
ERAS5-Land, DEM va yo‘l geometriyasi ma’lumotlarini birlashtirish orqali yo‘l uchastkalari bo‘yicha
xavf ehtimolini dinamik baholash mumkinligi ko‘rsatildi. Adabiyotlar tahlili RF modeli uchun 96,2 %
AUC, SVM uchun 0,94 AUC va desert yo‘llarini ajratishda U-Net uchun 89 % gacha loU natijalarini
qayd etadi [5], [6], [7]. Natijada O°zbekistonning qurg‘oqchil hududlardan o‘tuvchi yo‘llar va ularga
tutash xavf zonalari uchun monitoring, profilaktika va investitsiya ustuvorliklarini asoslashga xizmat
giluvchi amaliy hududlashtirish sxemasi ishlab chigildi.

qum ko‘chishi, xavfli zona, hududlashtirish, sun’iy intellekt, GIS, masofadan zondlash, avtomobil yo‘li,
Sentinel-1, Random Forest, U-Net

Kalit so‘zlar:

1. Kirish

Hozirgi kunda global iqlim o‘zgarishlari, antropogen hududlarni aniglash, ularni ilmiy asosda baholash va

omillar hamda cho‘llanish jarayonlarining kuchayishi
natijasida qum ko‘chishi hodisalari tobora dolzarb
muammolardan biriga aylanib bormoqda. Aynigsa, cho‘l va
yarim cho‘l hududlarida joylashgan avtomobil yo‘llarida
shamol ta’sirida qum massalarining harakatlanishi yo‘l
infratuzilmasining barqaror ishlashiga jiddiy xavf tug‘diradi.
Bu esa transport harakati xavfsizligini pasaytiradi, yo‘l
goplamasining tez buzilishiga olib keladi hamda
ekspluatatsiya xarajatlarini sezilarli darajada oshiradi.
O‘zbekiston Respublikasining katta qismi, xususan,
Qizilqum cho‘li hududlari qum ko‘chishi jarayonlariga
yuqori darajada moyil bo‘lib, bu yerda joylashgan avtomobil
yo‘llarini himoya qilish masalasi alohida ahamiyat kasb
etadi. Shu bois, qum ko‘chishi xavfi yuqori bo‘lgan

hududlashtirish zarurati yuzaga kelmoqda.

An’anaviy usullar yordamida bunday xavf zonalarini
aniglash ko‘p vaqt talab giladi hamda yuqori aniqglikni
ta’minlay olmaydi. Shu nuqtai nazardan, zamonaviy
geografik axborot tizimlari (GIS) va sun’iy intellekt
texnologiyalaridan foydalanish muammoni samarali hal
etish imkonini beradi. GIS texnologiyalari orgali fazoviy
ma’lumotlarni yig‘ish, qayta ishlash va tahlil qilish, turli
tabiiy omillarni (relyef, shamol tezligi va yo‘nalishi, yer
goplami, namlik va boshgalar) kompleks baholash
imkoniyati  yaratiladi. Sun’iy intellekt esa ushbu
ma’lumotlar asosida xavf darajasini prognoz qilish va
avtomatlashtirilgan  tarzda hududlashtirishni  amalga
oshirishda muhim rol o‘ynaydi.
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An’anaviy qum xavfi baholash wusullari ko‘pincha
ekspert mulohazasi va punktual dala kuzatuvlariga
tayanganligi sababli fazoviy aniglik hamda yangilanib
borish tezligi yetarli emas [4]. Vaholanki, shamol tezligi,
qum manbai turi, vegetatsiya goplami, quruglik darajasi va
yo‘lning shamol yo‘nalishiga nisbatan orientatsiyasi tez
o‘zgaradigan omillar hisoblanadi. Xususan, qum bilan
goplangan qoplama sirtida ishgalanish  koeffitsienti
kamayadi, haydovchining chetlab o‘tish manevri esa aynigsa
ko‘rish masofasi 100 m dan pastga tushganda keskin
yomonlashadi [9], [10].

Shu sababli tadgigotning magsadi — ochiq kosmik,
meteorologik va yo‘l-geometrik ma’lumotlarga tayangan
holda qum ko‘chishi xavfini avtomatik aniqlaydigan va yo‘l
uchastkalarini "juda past — past — o‘rta — yuqori — juda
yugori"  toifalarda  xaritalaydigan ~ SI  asosidagi
hududlashtirish yondashuvini asoslashdan iborat. Taklif
etilayotgan sxema O‘zbekistonning Qizilqum, Ustyurt va
Amudaryo quyi oqimi bilan tutash yo‘l yo‘laklari uchun
pilot joriy etishga mosdir.

2. Tadgigot metodologiyasi

Hududlashtirish birligi sifatida 0,5-1,0 km uzunlikdagi
yo‘l segmentlari qabul qilinadi. Har bir segment uchun
tabiiy, texnogen va geometrik ko‘rsatkichlar yig‘iladi:
o‘rtacha shamol tezligi, ustun shamol yo‘nalishi, qumli yer
turi, NDVI/FVC, quruglik indeksi, yo‘lning shamolga
nisbatan burchagi, gorizontal hamda vertikal egrilik
radiuslari, relyef va tarixiy qum qoplanishi izlari [4], [7].

1-jadval
Sl asosidagi hududlashtirish uchun asosiy
ko‘rsatkichlar va ma’lumot manbalari

‘ Ma’lumo .
Ko_rsat Mazmuni t Modelgiagl
kich - roli

manbasi
ERA5- wavf
Shzim c.)l tezlik va yo‘nalish Land, boshlovchi
rejimi meteo .
- omil
stansiya
Sentinel-
Qum | ko‘chuvchi/tekis/ 2, manba
: Landsat, | . A
manbai | mustahkam qum dala intensivligi
kuzatuvi
Vegetat NDVI yoki FVC Sentinel- _barqar_orlas_ht
siya 2 iruvchi omil
Qurugli | TVDI/LST asosli RS + sirt
- meteorolo L
k indeks . erodibilligi
glya
Yol 0°q yo‘nalishi OSM,
geometr ayon ’ loyiha ta’sirchanlik
-~ .| egriradiuslar .
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slope SRTMIA akumulyatsi
Relyef | >OP& STER %
mikroformalar GDEM ya zonasi

Ushbu ishda avtomobil yo‘llari hududida qum ko‘chishi
xavfini aniglash va baholash uchun bir nechta zamonaviy
ilmiy usullar qo‘llanildi. Tadgiqot davomida geografik
axborot tizimlari (GIS) tahlili asosiy vosita sifatida ishlatilib,
fazoviy ma’lumotlarni yig‘ish, qayta ishlash va tahlil qilish
ishlari amalga oshirildi. GIS yordamida turli omillar —relyef,
yer qoplami, shamol ko‘rsatkichlari va yo‘lga yaqinlik
darajasi o‘zaro bog‘liq holda tahlil qilindi.

Masofadan zondlash (remote sensing) usullari orgali yer
yuzasining holati haqida aniq va dolzarb ma’lumotlar olindi.
Xususan, sun’ly yo‘ldosh ma’lumotlari asosida yer qoplami
(LULC) aniglanib, qumli va ochig hududlar ajratib olindi.
Bu esa qum ko‘chishi ehtimoli yuqori bo‘lgan zonalarni
aniglashda muhim ahamiyat kasb etdi.

Ragamli balandlik modeli asosida geomorfologik tahlil
usullari qo‘llanilib, giyalik (slope) va ekspozitsiya (aspect)
ko‘rsatkichlari hisoblab chiqildi. Ushbu ko‘rsatkichlar orqali
relyefning shamol yo‘nalishi va qum harakatiga ta’siri
baholandi.

Ko‘p mezonli baholash (MCDA) usuli yordamida turli
omillar bir tizimga Keltirilib, ularning har biriga muhimlik
darajasiga qarab og‘irlik koeffitsiyentlari berildi. Natijada
umumiy xavf indeksi hisoblanib, hududlar xavf darajasiga
ko‘ra guruhlarga ajratildi.

Shuningdek, statistik tahlil usullaridan foydalanilib,
omillar o‘rtasidagi bog‘liglik darajasi o‘rganildi. Ayrim
hollarda regressiya tahlili yordamida qum ko‘chishi
jarayoniga ta’sir etuvchi asosiy omillar aniglashtirildi.

Bundan tashqari, sun’iy intellekt usullari, xususan
mashinaviy o‘rganish algoritmlari qo‘llanilib, mavjud
ma’lumotlar asosida qum ko‘chishi ehtimolini prognozlash
amalga oshirildi. Ushbu yondashuv xavf zonalarini yanada
anigroq va ishonchli baholash imkonini berdi.

Natijada qo‘llanilgan usullar majmuasi avtomobil
yo‘llarida qum ko‘chishi xavfini kompleks baholash,
hududlashtirish va ilmiy asoslangan xulosalar chigarishga
xizmat qildi.

Model bosgichida RF, XGBoost/LightGBM va SVM
klassifikatorlari xavf toifalarini baholash uchun, U-Net esa
yo‘l va qum bosgan yuzalarni tasvirdan ajratish uchun
qo‘llanadi [5]-[7]. Random Forest (RF) ko‘p sonli qaror
daraxtlari ansambli bo‘lib, omillar o‘rtasidagi nolinear
bog‘lanishlarni barqaror ushlaydi va xavfli hamda nisbatan
xavfsiz segmentlarni ishonchli ajratishga xizmat giladi.
XGBoost va LightGBM gradient boosting oilasiga mansub
modellar bo‘lib, atributlar o‘rtasidagi murakkab o‘zaro
ta’sirlarni tez o‘rganadi hamda katta hajmdagi fazoviy
atributlar bilan ishlashda yuqori samaradorlik beradi. SVM
esa yuqori o‘lchamli fazoda optimal ajratuvchi chegara
qurishi sababli sinflar chegarasi noaniq bo‘lgan qum
migratsiyasi masalalarida foydalidir. U-Net semantik
segmentatsiya arxitekturasi sifatida yo‘l qoplamasi va qum
bilan goplangan maydonlarni piksel darajasida ajratib, xavf
zonalarining konturini anig belgilash imkonini beradi.
Baholash mezonlari sifatida AUC, F1, loU va makoniy
izchillik ko‘rsatkichlari olinadi. Bunda AUC modelning
xavfli va xavfsiz zonalarni ajratish gobiliyatini, F1 aniglik
va to‘liglik o‘rtasidagi muvozanatni, loU esa prognoz
gilingan hududlarning real xavf zonalari bilan fazoviy
moslik darajasini ifodalaydi; aynigsa F1 ko‘rsatkichi xavfli
segmentlar ulushi kam bo‘lgan ma’lumotlarda modelning
amaliy ishonchliligini baholashda muhimdir. Yakuniy xavf
balli tabiiy omillar, yo‘lning ta’sirchanligi va real
ekspluatatsion zaiflikni birlashtirgan kompozit indeks
sifatida hisoblanadi [4].
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Xavf omillari nisbiy ahamiyati
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2-rasm. RF, SVM va U-Net bo‘yicha adabiyotlarda
gayd etilgan model natijalari [5]-[7]

3. Natija va muhokamalar

So‘nggi ishlar qum Xavfini fagat tabiiy omillar bilan
emas, balki yo‘lning geometrik va ekspluatatsion
xususiyatlari bilan birga ko‘rib chiqish zarurligini
ko‘rsatmoqda. Li va boshq. [4] shamol tezligi, qumli yer turi,
vegetatsiya, quruglik, shamol-yo‘l burchagi hamda egri
radiuslar asosida besh toifali xavf xaritasini tuzib, yugori va
juda yuqori xavf ko‘proq siljiydigan dyunalar, siyrak
vegetatsiya va kam yog‘inli zonalarda jamlanishini anigladi.
Ushbu natija yo‘l segmentlari bo‘yicha real vaqtga yaqin
monitoringni yo‘lga qo‘yish uchun SI modellarini joriy etish
zarurligini tasdiglaydi.

Najran shahri atrofidagi qurg‘oqchil hududlarda RF
modeli 96,2 % AUC ko‘rsatkichiga erishgani, Sharqiy
Eronda esa SVM modeli 0,94 AUC bilan eng samarali
bo‘lgani tasviriy va spektral omillar qum migratsiyasini
yugori aniglik bilan ajratishi mumkinligini ko‘rsatdi [5], [6].
Mazkur AUC giymatlari 1 ga yaqinlashgani sari modelning
xavfli va xavfsiz holatlarni ajratish sifati ortishini anglatadi;
shu bois RF va SVM natijalari amaliy hududlashtirish uchun
yuqori diskriminativ salohiyat mavjudligini ko‘rsatadi.
Stewart va boshg. [7] Sentinel-1 SAR ma’lumotlari asosida
desert yo‘llarini segmentatsiya qgilishda ayrim hududlarda 89
% gacha loU natijasiga erishgan. Bu yerda loU ning yugori
bo‘lishi model tomonidan ajratilgan yo‘l va qum konturlari
real tasvir bilan katta darajada ustma-ust tushganini
bildiradi, ya’ni segmentatsiya xaritalari yo‘l ekspluatatsiyasi
uchun yetarlicha ishonchli fazoviy asos yaratadi. Demak,
xavfli  zonalarni hududlashtirishda optik va radar
ma’lumotlarini  birgalikda ishlatish eng maqbul yo‘l
hisoblanadi.

Taklif etilayotgan amaliy mezonlar quyidagicha: shamol
tezligi 6,5 m/s dan yuqori bo‘lgan, ko‘chuvchi dyunalar
mavjud, vegetatsiyasi siyrak, quruglik indeksi past, ustun

shamol yo‘nalishi yo‘l o‘giga 60-90° burchak ostida
kesishadigan va kichik radiusli egri chiziglar joylashgan
segmentlar "juda yuqori" xavf toifasiga ustuvor ravishda
kiritiladi [4]. Bunday uchastkalarda mexanik to‘siglar, yashil
himoya polosalari, patrul tozalash grafiklari va
ogohlantiruvchi axborot tizimlari birgalikda rejalashtirilishi
lozim. Bundan tashqari, Kumtag sahrosida 2100 yilga borib
dyuna migratsiya tezligining 19,61 m/yilgacha oshishi
prognoz qilinganligi iqlim o‘zgarishi sharoitida oldindan
rejalashtirishni kuchaytirish zarurligini ko‘rsatadi [8].

@ (b}

2 'y
3-rasm. (a) Qum bosayotgan avtomobil yo‘li ko‘rinishi,
Noorpur Thal, Pokiston (Vasiq Egbal, Wikimedia
Commons, CC BY-SA 4.0); (b) Rub’ al Khali dyuna
maydonining Sentinel-1 radar tasviri va yo‘l izlari
(ESA/Copernicus, CC BY-SA 3.0 IGO)

4. Xulosa

SI, GIS va masofadan zondlash integratsiyasi qum
ko‘chishi xavfini statik emas, balki davriy yangilanadigan
makoniy boshgaruv mahsulotiga aylantiradi. Tahlil natijalari
shamol tezligi, vegetatsiya, qum manbai turi va yo‘l
geometriyasi xavfli zonalarni hududlashtirishda tayanch
omillar ekanini ko‘rsatdi [4]-[7]. Shu bois RF va gradient
boosting asosidagi klassifikatorlar xavf toifalash bosgichida,
U-Net esa fazoviy segmentatsiya bosgichida o°zaro
to‘ldiruvchi model juftligi sifatida garalishi mumkin; bunday
kombinatsiya yo‘l xizmatlariga ham balli xavf bahosi, ham
aniq fazoviy kontur beradi. O‘zbekiston sharoitida bunday
tizim A380 va qurg‘oqchil mintagalardagi boshqa
magistrallarda pilot tarzda joriy etilib, yo*l ekspluatatsiyasi
xarajatlarini kamaytirish, avariya xavfini pasaytirish va
himoya inshootlarini aniq uchastkalarga yo‘naltirish
imkonini beradi.
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Ensuring the priority of public transport and traffic safety in Tashkent

M.N. Usmanova’®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This study examines the issues of ensuring road traffic safety in the public transport system of Tashkent
city and creating a convenient and safe environment for pedestrians. It also analyzes the directions for
the comprehensive development of public transport, the provision of high-quality and safe transport
services to passengers, and the improvement of transport infrastructure. The paper highlights modern
methods and effective solutions for enhancing traffic safety in public transport.

public transport, traffic safety, road accidents, passenger vehicles, routes, buses, statistical observation,
interviews, pedestrian traffic, traffic flow
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Toshkent shahrida jamoat transporti ustuvorligi va harakat xavfsizligini
ta'minlash
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Annotatsiya: Toshkent shahar jamoat transporti tizimida yo’l harakati xavfsizligini ta’minlash hamda piyodalarga
qulay harakatlanish muhitini yaratish maqsadida kompleks rivojlantirish, yo’lovchilarga sifatli va xavfsiz
transport xizmatlarini ko’rsatish va transport infratuzilmasini takomillashtirishdan iborat. Shu bilan birga
jamoat transportida harakat xavfsizligini ta’minlash.

jamoat transporti, harakat xavfsizligi, yo’l-transport hodisalari, yo’lovchi tashuvchi transport vositasi,

yo’nalishlar, avtobuslar, statistik kuzatish, intervyu, piyodalar harakati, transport oqimini

Kalit so‘zlar:

1. Kirish

O’zbekiston Respublikasi Prezidentining 4 aprel 2022
yil 190-sonli “Avtomobil yo’llarida inson xavfsizligini
ishonchli ta’minlash va 0’lim holatlarini keskin kamaytirish
chora-tadbirlari to’grisida”gi hamda 2 fevral 2022 yil 111-
sonli “Toshkent shahar jamoat transporti tizimini yanada
rivojlantirishga doir qo’Simcha chora-tadbirlar to’grisida”gi
garorlari Toshkent shahar yer usti jamoat transporti tizimini
kompleks rivojlantirish, yo’lovchilarga sifatli va xavfsiz
transport xizmatlarini ko’rsatish, transport infratuzilmasini
yaxshilash, harakat tarkibini barcha qulayliklarga ega
bo’lgan zamonaviy avtobuslar bilan yangilash, yo’l harakati
xavfsizligini  ta’minlash hamda piyodalarga qulay
harakatlanish ~ muhitini ~ yaratish  magsadida  soha
mutaxassislari oldiga gator vazifalar yuklandi [1,2].

2. Tadgigot metodologiyasi

Toshkent shahar yer usti jamoat transporti tizimida
yo‘lovchilar xavfsizligini ta’minlash bo‘yicha hukumatimiz
tomonidan qator talablar qo‘yilgan. Yo‘lovchilarni tashish
jarayonida ularning xavfsizligini ta’minlash javobgarligi
haydovchilar zimmasida bo‘ladi. Lekin yo‘lovchilarni
tashish jarayonida ularning xavfsizligini ta’minlash uchun
aniq tadbirlar belgilashda asosiy tayanch ko‘rsatma sifatida
harakat xavfsizligi ko‘rsatkichlarini har taraflama chuqur va
obyektiv tahlil gilish natijalaridan olingan xulosalardan
foydalaniladi:  yo‘lovchilarning harakat xavfsizligiga
taalluqli «Avtomobil-haydovchi-yo‘l-piyoda-muhit»
tizimiga kiruvchi har bir omilning faoliyatiga tegishli tadbir

3% https://orcid.org/0009-0002-9229-368

va choralar ishlab chigish uchun; biron-bir boshgaruv
territoriyasidagi, vazirliklardagi va ularning korxonalaridagi
falokatlar ahvolini, o‘zgarish mohiyatini hamda istigboldagi
o‘zgarishini bashorat qilish va harakat xavfsizligini
ta’minlash bo‘yicha tadbirlar ishlab chigish kerak.
Yo‘lovchilar majburiyatlarini va qo‘yilgan talablarni
bajarmasliklari ~ oqibatida  yo‘l-transport  hodisalari
(YTH)ning sodir bo‘lishini amaliyot isbotlagan. Ammo
yo‘lovchi tashuvchi transport vositasi YTHni sodir etganda
yoki uning ishtirokchisiga aylanganda ham yo‘lovchilar
katta jismoniy va ma’naviy talafot ko‘rishadi. Shu sababli
ham yo‘lovchi tashuvchi transport vositasi qaysi transport
korxonasiga tegishli bo‘lsa, shu korxonada harakat
xavfsizligi ko‘rsatkichlarini o‘rganish va tegishli tadbirlar
ishlab chiqish yo‘lovchilar xavfsizligini ta’minlashning
asosiy mezonlaridan belgilanadi.

Toshkent shahrida yer wusti jamoat transportida
yo‘lovchilarni tashish avtobus, yo‘nalishli va yo‘nalishsiz
taksilarda amalga oshirilmoqda.

Shaharda mulkchilikning turli shakllaridagi 468 ta
tashuvchi tomonidan yo‘lovchilarni tashish xizmatlari
ko‘rsatilmogda, shundan 13 ta korxona, jumladan, 8 ta
davlat ulushi bo‘lgan korxona avtobus yo‘nalishlarida, 55 ta
korxona yo‘nalishli taksi yo‘nalishlarida va 400 ta korxona
yo‘nalishsiz taksilarda xizmat ko‘rsatmoqda.

Jamoat transportining o‘zaro bog‘ligligini ta’minlash
uchun xizmat gilayotgan 5 ta transport-o‘tish bog‘lamasi
mavjud.
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2005 ta avtobus oraliq bekati mavjud bo‘lib, 166
yo‘nalishda xizmat ko‘rsatadi. Velosiped transporti
foydalanuvchilari uchun 12 ta ko‘chada 100 km uzunlikdagi
velosiped yo‘laklari mavjud.

Yo‘lovchilarga yo‘nalishsiz taksi xizmati 11 000 dan
ortiq litsenziyaga ega yengil avtomobillarda ko‘rsatilib
kelinmoqda.

2025-yil  l-yanvardan yo‘lkira haqi to‘lovining
avtomatlashtirilgan tizimi joriy etilib, 100 foiz yo‘lovchilar
ushbu tizimdan foydalanmogda. Mazkur tizim doirasida 5,
10, 15, 20 va 30 kunlik hamda imtiyozli oylik tarif rejalari
joriy etilgan.

Avtomatlashtirilgan dispetcherlik boshqgaruvi
(ASDUM) tizimi joriy etilib, ushbu tizim orqgali avtobuslar
harakatini onlayn, oraliq bekatlardagi to‘xtash wvagqti,
yo‘nalishdagi harakat tezligi, avtobuslar oraliq masofasini,
ya’ni intervalni nazorat qilish imkoniyati mavjud.

Yo‘nalishlar va ularda harakatlanayotgan avtobuslar
to‘g‘risida ma’lumot olish, manzilga yetib olishning optimal
yo‘nalishini belgilash kabi qulayliklarga ega bo‘lgan
«Toshkent transporti» mobil ilovasi ishga tushirilgan.

Shaharda 4 mingdan ortiq ko‘cha mavjud bo‘lib,
ularning uzunligi 5900 km, shundan avtomagistrallar — 462
km, asosiy ko‘chalar — 445 km, shoh ko‘chalar — 464 km,
halga ko‘chalar — 1 481 km, ishlab chigarish hududlaridagi
ko‘chalar — 145 km va mahalliy ahamiyatdagi ko‘chalar —
2 896 kilometrni tashkil etmoqda.

Shaharda avtomobil transporti vositalari soni 497 360
tani tashkil etib, hududlardan kuniga o‘rtacha 165 mingdan
ortiq avtotransport vositalari kirib-chigmoqda.

Toshkent shahrida 600 dan ziyod yirik chorrahalar va 40
mingta yo‘l belgilari mavjud bo‘lib, ular yordamida
transport va piyodalar harakati tartibga solinadi. 115 ta
svetofor yagona ragamlashtirilgan markaz tomonidan
boshgarilmoqgda.

Statistik kuzatish birlamchi statistik ma’lumotlarni
to‘plash va o‘rganilayotgan obyekt bilan bog‘liq barcha
muhim faktlarni ilmiy jihatdan tashkillashtirilgan qayd
etishni o‘z ichiga oladi. Statistik kuzatish — bu ijtimoiy
hodisalarni tavsiflovchi faktlar va ularning xususiyatlarini
yagona, ishlab chiqgilgan dastur bo‘yicha ilmiy asoslangan
qayd etish, ommaviy ma’lumotlarni to‘plash.

Intervyu — jamoat transportidan foydalanish sabablari
va tirbandliklarga munosabatni tahlil qilish uchun har
tomonlama va sifatli ma’lumot to‘plash hamda aholi,
jumladan, haydovchilarning fikr va takliflarini o‘rganish
uchun ijtimoiy-igtisodiy tadgigotning mutlago magbul usuli
bo‘lgan suhbat orqali amalga oshiriladi. Ushbu intervyu
usulining o‘ziga xos xususiyati shundaki, u mavzuga bir xil
darajada qiziqqan ikki kishi o‘rtasida jonli va norasmiy
suhbatni o‘z ichiga oladi. Suhbatdosh va respondent
o‘rtasidagi to‘g‘ridan-to‘g‘ri aloqa anketalar orqali olish
qiyin bo‘lgan ma’lumotlarni olish uchun ko‘plab
afzalliklarni beradi.

Toshkent shahri aholisining tirbandlikka, jamoat
transportiga munosabati va uni kamaytirish bo‘yicha
takliflarini o‘rganish maqgsadida ijtimoiy so‘rov tashkil etildi
[14].

Unda jami 891 kishi ishtirok etdi. Ishtirokchilarning 60,8
foizini avtomobil haydovchilari tashkil etdi. Shundan 10,3
foizi ayollardir.

So‘rov natijasida quyidagilar aniqlandi:

1.  Avtomobil boshqarmasligini ta’kidlagan
ishtirokchilarning:
41,8 foizi avtobus,
27,5 foizi metro,
24,1 foizi taksi,

1,7 foizi mikroavtobus xizmatidan foydalanishini,
4,9 foizi piyoda yurishini bildirgan.

Jamoat transportidan ko‘proq ayollar (33,1%) va yoshlar
(36,5%), shaxsiy transportdan erkaklar (33,1%) foydalanishi
ma’lum bo‘ldi.

Bildirilgan fikrlar orasida jamoat transporti, ya’ni
avtobuslar uchun infratuzilmalarni yaxshilash,
parkovkalarni to‘g‘ri shakllantirish, ko‘pqavatli
avtoturargohlar, piyodalar uchun yerosti o‘tish yo‘llari va
ko‘priklar qurish, metro liniyalarini kengaytirish, yo‘l
harakati qoidalariga qat’iy amal qilinishini ta’minlash,
ragamli boshqaruvga o‘tish kabi takliflar ko‘p uchraydi.

Toshkent shahar yer usti jamoat transport tizimidagi
harakat xavfsizligini ta’minlashda quyidagi muammolar
mavjud:

1. Toshkent shahrida transport ogimini boshgarish,
jamoat transporti uchun chorrahalar o‘tkazuvchanlik
qobiliyatini oshirish bo‘yicha monitoring-tahlil ishlarini olib
borish.

2. Toshkent shahrida yer usti jamoat transporti
haydovchilarining mehnatini to‘g‘ri tashkil etish.

3. Yer usti jamoat transportida harakat xavfsizligi
sohasi uchun kadrlar, ya’ni harakat xavfsizligi
mutaxassislari, haydovchilarni tayyorlash va ularning
malakasini oshirish tizimini yanada takomillashtirish.

4. Yo‘lovchilarga yer usti jamoat transportidan
foydalanishning xavfsiz harakatlanish qoidalarini o‘rgatish.

5. Toshkent shahrida mavjud barcha chorrahalarni
yo‘l  harakatini  boshqarishning  avtomatlashtirilgan
boshgaruv tizimiga integratsiya gilish.

6.  Toshkent shahrida yer usti jamoat transporti yo‘l
harakatini tashkil etish tizimining mukammal emasligi
sababli yo‘llar va chorrahalarda transport oqimi to‘g‘ri
tagsimlanmagan hamda tirbandliklar darajasi yuqori, yo‘l-
transport hodisalari soni ortib bormoqda.

7.  Asosiy magistral yo‘nalishlarda transport
harakatini tartibga solish choralarini amalga oshirish, ya’ni
jamoat transporti harakatiga ustuvorlik berish, yo‘l belgilari
va ko‘rsatkichlarini o‘rnatish.

8.  Yo‘lovchi tashish bilan band bo‘lgan xususiy
tashuvchilarning  harakat  xavfsizligini  ta’minlash
muammolarini o‘rganish.

9.  Toshshahartransxizmat AJ filiallarida harakat
xavfsizligi faoliyatini tashkil etilishini baholash.

10. Toshkent shahrida yer usti jamoat transporti
marshrutlarining harakat xavfsizligi talablariga
mutanosibligi.

11. Toshkent shahrida yer usti jamoat transportidan
foydalanuvchi yo‘lovchilar oqimi va ularning jamoat
transportiga  ehtiyojida harakat xavfsizligi talablarini
o‘rganish.

12. Toshshahartransxizmat AJ filiallarida harakat
xavfsizligini ta’minlashda harakat xavfsizligi xizmati
faoliyatini korxonaning boshqa bo‘limlari faoliyati bilan
muvofiglashtirish.

13. Toshkent shahrida yer usti jamoat transporti
marshruti yo‘nalishida avtomobillarning yo‘l bo‘yi pullik
to‘xtash joylari tizimini tashkil etish.

14. Avtobus oraliq bekatlari infratuzilmasining
xavfsizlik, qulaylik va shaharsozlik me’yorlariga mosligini
baholash.

15. Toshkent shahrida yer usti jamoat transportining
o‘rtacha harakatlanish tezligining yo‘lovchilarni tashish
jarayonidagi harakat xavfsizligi talablariga mutanosibligi.

16. Toshkentshahar yer usti jamoat transporti tizimida
harakat xavfsizligini ta’minlashda ragamli texnologiyalarni
joriy etish.
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3. Xulosa

Aniglangan muammolarni hal gilish uchun Toshkent
shahar jamoat transporti tizimida yo‘l harakati xavfsizligini
ta’minlashning quyidagi ustuvor yo‘nalishlari belgilandi:

-Toshkent shahrida transport ogimini boshgarish, jamoat
transporti uchun chorrahalar o‘tkazuvchanlik qobiliyatini
oshirish bo‘yicha monitoring-tahlil ishlarini olib borish,
takliflarni ishlab chigish va ularni joriy etish

- Yo‘lovchi tashish bilan band bo‘lgan xususiy
tashuvchilarning muammolarini o‘rganish va takliflar ishlab
chiqgish.

-Avtomobillarning avtomatlashtirilgan yo‘l bo‘yi pullik
to‘xtash joylarini tashkil etish.

- Shahar ko‘chalari kesishmasida piyodalar va velosiped
harakati xavfsizligini ta’minlovchi texnik vositalarni joriy
etish.

- Shahar ko‘chalarining har bir yo‘nalishida uch va
undan ortiq harakat polosalar mavjud bo‘lganda, harakat
yo‘nalishlarini ajratuvchi xavfsizlik orolchalarni tashkil
etish.

- Piyoda va velosiped yo‘laklarini tashkil etishda,
xalgaro tajribalarni hisobga olish, chorraxalar bilan
kesishmalarda xavfsiz va to‘sigsiz muhitni yaratish.

- Piyodalar harakatlanishi uchun ustuvorlik berish

- Transport ogimini ogilona boshgarish va
tirbandliklarni  kamaytirish  bo‘yicha chorrahalar va
ko‘chalar kesimida loyihalar ishlab chiqish;

-Soha bo‘yicha sifatli kadrlar tayyorlanib, harakat
xavfsizligini ta’minlashni takomillashtiriladi;

-Yer usti jamoat transporti haydovchilari malakalarini
oshirishning innovatsion metodlari tagdim etiladi, YHQ
buzilishi va YTH lar soni keskin kamayadi;

-Yo‘nalishdagi avtobuslarning o‘rtacha tasarruf tezligini
oshiriladi;

-Avtobus gatnovlari muntazamligi ko‘tariladi;

-Yo‘nalish harakat intervali qisqartiriladi;

-Shahar hududini jamoat transporti bilan to‘liq qamrab
olinadi va harakat xavfsizligini ta’minlanadi;

-Jamoat  transportining  jozibadorligini  oshirishda
harakat xavfsizligi ko‘rsatkichlarini oshiriladi;

-Jamoat transporti qulay va ekologik toza harakat tarkibi
bilan yangilansa, atrof-muhitga salbiy ta’siri kamayadi;

-Shahar markazida harakatlanayotgan engil
avtomobillar sonining gisqartirilishi mezanizmida harakat
xavfsizligini ta’minlash ko‘rsatkichlarini qo‘llaniladi;

-Velosiped  transporti infratuzilmasining  keng
rivojlanishi imkoniyati yaratiladi.
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In this paper, the importance of psychological and pedagogical disciplines — psychology, pedagogy,
social psychology, developmental psychology, and pedagogical acmeology — is substantively examined
as a fundamental and system-forming basis for students’ professional development and the formation of
their project-based thinking in higher education. It is shown that these disciplines are not an optional
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and a human-centered dimension.

psychological-pedagogical disciplines, pedagogical acmeology, developmental psychology, project-
based activity, soft skills, competence-based approach, critical thinking, professional development,
higher education

HpOCKTHoe MBIIIIVICHUE U IICUXO0JIOT0-IIeJarornyeCKue 1MCHMIJInHbI: MOCT OT

AuHOTALMA:

Kunrouessie cioBa:

TE€OPUM K MPAKTHKE B BhICIIEM 00Pa30BaHUM

Ypazosa MLB.}, ’Kymaena J.A.

HITY'Y3 umenn Huzamu, TammkeHT, Y36ekuctan

B naHHO#M paboTe apryMeHTHPOBAaHHO PACKPBIBACTCS 3HAUCHHE MICUXOJIOT0-T1eIArOTHYECKHX IUCIIUTUTHH
— TCHXOJIOTHH, TEIATOTHKH, COLMATIBbHON MICHXOJIOTHH, BO3PACTHON TICHXOJIOTHH U IEJarorn4eckou
aKMEOJIOTHH — Kak (DyHIaMCHTAIBHOW, CHCTEMHO OpraHM3YIOUIeH OCHOBBI MPO(ECCHOHATBHOTO
CTaHOBJICHHUSI CTYICHTOB U Pa3BUTHSI NX MPOEKTHOT'O MBILIJICHHS B YCIOBHUSX BBICIIEH 1IKOJIbL. [ToKa3aHo,
YTO 3TU AUCLMIUIMHBI HE ABISAIOTCA (DaKyJIbTaTUBHBIM JIOTIOIHEHHEM K y4eOHOMY IIaHy, HO COCTaBIISIOT
€ro BHYTPEHHHH CTEp)KEHb, NPHUAAIOIINKA 00pa30BaTENbHOMY MPOLECCY OCMBICICHHOCTh U
YeJI0BEUECKOe U3MEPEHHE.

THICUXOJIOrO-TI€IarOrMYEeCKUe  JUCLUIUIMHBI, IelarorM4yeckasl akMeoJIorHs, BO3pacTHas IICHXOJOTHS,
HPOCKTHAS JeATENBHOCTh, soft skills, KOMIIETEHTHOCTHBIH TOIXOJ, KPHUTHYECKOE MBILIUICHHE,

HpO(l)eCCI/IOHaJ'ILHOC Pa3BUTHEC, BBICIICE 06pa3OBa1-me

1. BBeaenue

Kak  mnokasplBaloT ~ MHOTOJIETHHE  HaONIOAEHUS,
COBPEMEHHOE BbICILIEe 00pa30BaHUE IIEPEIKUBAET HE TOJIBKO
MEPHOJ TIEPEMEH, HO M BHYTPEHHE 3HAYHMMBIi{, a BO MHOTOM
U Cy/IbOOHOCHBIN MEPHOJ MEPEOCMBICIICHUSI COOCTBEHHBIX
OCHOB:  NPEXHsid, Kaszajuoch Obl,  HemokoyeOumas
OpHEHTAIUsl Ha MOATOTOBKY Yy3KOCIEIHATHU3UPOBAHHBIX
TEXHHUYECKUX CHELHANNCTOB IOCTENICHHO YCTYMaeT MECTO
0oJ1ee CII0/KHBIM U TPeOOBaTEIbHBIM COLIMAIBEHBIM 3a1IPOCamM
— K JIFOJISIM, CTIOCOOHBIM TOHUMATh APYTHX, IPUHUMATH 110-
HACTOSIIIEMY OTBETCTBEHHBIE pELIEHUs M COXPaHATh
npodeccroHaIbHYI0 CTabUIBHOCTh B YCIIOBHSIX
HEONPEIETICHHOCTH. OTU U3MEHEHHUS OTPAXKaloT He TOJIBbKO
CMEHy IIPUOPUTETOB, HO M BO3BpAlCHHE K IOIMHHO
I'YMaHHCTHYECKOMY CMBICITy 00pa30BaHHUsI.

B cBere 3THX M3MEHEHUH LEHTPAIbHYIO POJb UTPAIOT
TICUXOJIOTUYECKHE U TeJaroruyeckue JUCIMILUIUHBI — OHU
nepexo;arT u3 (opManbHOrO JOMONHEHHS K YyueOHOMY
IUIAaHy B €ro CYIIHOCTh. OTH IUCIMIUTHHBI HANOJIHSAIOT
IpoLecc TIIyOOKUM CMBICIIOM, LeJIeHANPAaBICHHOCTBIO U
T'YMaHHCTHYECKUM U3MEpEHHEM, PacKphIBalOT
TICUXOJIOTUIECKHE MPHHIUIIBI Te[aroruueckom
JEATENPHOCTH M 00ECHeYMBAIOT I'apMOHHYHOE DPa3BHTHE
nuaHocTH. be3 HuX mpogeccroHaNbHBIN POCT TEPSET CBOIO

CJIO)KHOCTb, OJTHOMEPHOCTb H IIPAKTUYECKYIO HA/ISKHOCTD U
HE MOXKET CO3/aTh YCJIOBHUS Ul MOATOTOBKH CTAOMIIBHBIX
CIICLUAIIMCTOB.

Icuxonorus, mnenaroruka, COLMaJbHAS ICHUXOJIOTH,
HICUXOJIOTHsI Pa3BUTHS U IIeJIar OrM4ECKast eJaroruka — 3T
HE IPOCTO Ha0Op aKaJAeMUYECKUX AUCLMIUIMH,  BHYTPEHHE
B3aUMOCBSI3aHHBIN, KOHLENTYalbHO LEJOCTHBIH  CBOJ
Hay4HBIX 3HAHHH O YEIOBEKEe — O MUKPOMOJEINAX PA3BUTHSA
JMYHOCTH,  MexaHu3smax  e€  (GopMHMpOBaHMA B
aKaJeMU4ecKou cpeze.

MaciurabHpie pedopMbl  BBICIIETO IEArOru4ecKoro
oOpa3oBaHus B Y30eKkuCTaHe AEHCTBUTEIBHO aKTyaJbHBI: C
2017-2020-x romoB BHeIpsieTCsl HOBAsi CHCTEMa, BKIIIOYAst
MOJIEPHH3ALUIO HanronansHoro IeJarorn4ecKoro
yHuBepcutera UM. Mykumu (TalkeHT), ¢ aKLEHTOM Ha
U pOBU3ALHUIO U KOMIETEHTHOCTHBIN Mox01. [ TobanbHast
TEXHOKpaTH3alisi O00pa3oBaHUsT — pPEAIbHBIH TPEeHA
(Bonouckwuit mpouece, STEM-npuopurer), 4acto MapruHa-
JM3UPYIOLIMI TICHXOJIOrO-TIeIarOrMYeCKHe  AUCLUILTHHEL
[1].  Mexny Tem  wuccremoBanust  ['apBapiackoro
yauepcutera, @Douma Kapuerm wu Craudopackoro
UCCIIEZI0BATENIbCKOTO  LIEHTpa CBUIETENBCTBYIOT:  85%
Npo(eCCHOHAIBHOTO ycIeXa CHELHaINCTa ONpPeiesseTCs
«MSTKMMW»  HaBBIKAMH, TOrJa KaKk  TEXHHYECKHE
KOMIIETEHI[H 00eCTIeunBaloT JIHIIb 15% 3Toro ycmexa [2].
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Lens maHHOM CTaTBH COCTOUT HE TOJIBKO B (HOPMATEHOM
0003HaUCHNH HCCIIEOBATENBCKON 3a7au, HO M, ITO3BOIIO
cebe TOMUEpKHYTh, B €€ BHYTPEHHEM TEOPETHUECKOM
OCMBICIICHUU: 000CHOBATH poib HICUXOJIOr0-
MeJarOTMYecKuX AWUCHUI-IMH  KakK  (QyHIaMEeHTaIbHOMH
OCHOBBI  ()OPMHpPOBAaHMS IPOEKTHOTO MBIIUICHUSI U
CTAaHOBJIECHHUS TNPO(ECCHOHANBHOW 3pEIOCTH CTYIEHTOB
BBICIIIEH IIKOJIBI, PACCMATPHBAas 3TOT MPOIIECC KAK CI0KHOE,
MHOTOCJIOIHOE JBMKCHHE OT YCBOEHMsS 3HaHMH K HX
JINYHOCTHOMY M LIEHHOCTHOMY IIPUCBOCHHUIO.

2. MeToa0/10rusl HCCJICIOBAHUSA

B pamkax nccieoBaHus IPOBEIEH CUCTEMHBIH aHAIH3
HayYHOM JIMTEpaTypbl MO TICHXOJOTHH, TIeJaroruke u
aKMEOJIOTHH, TIPEJCTaBICHHOH B aBTOPUTETHBIX 0a3ax
naneix  (KubepJlennnka, Scopus, Web of Science);
HUCTOYHHMKM OTOMpAlNCh C YYETOM HX TEOPEeTHYECcKOi
3HAUMMOCTH, METOOJIO-THUECKOH OOOCHOBAaHHOCTH U
CHOCOOHOCTH PAacKphIBaTh CYIIHOCTHBIE XapaKTEPHCTUKH
n3ydaeMbIX TporeccoB. OIHOBPEMEHHO HCHONIB30BAIOCHh
TEOPETHYECKOE MOJICIUPO-BaHUE CTPYKTYPBI ICHXOJIOTO-
MearorMyeckiX  KOMITeTEH-IMH,  HampaBIeHHOE  Ha
BBISIBJICHHE WX BHYTPEHHEH JIOTMKH, B3aMMOCBs3ed U
JTMHAMHKA (dopMupoBaHusI. Jlonon-HuTensHOe
aHaJMTHUYECKOe M3MEpeHHe olecreynBa KOMITapaTUBHBIN
aHauM3  3apyO©KHOTO W OTEYECTBEHHOI'O  OIIBITA,
TIO3BOJIIIOIMI paccMaTpHBaTh MpobiieMy B Goee IMMPOKOM
HayYHOM U KyJIbTYPHOM KOHTEKCTE.

MeTo0NOrHYEeCKYI0  OCHOBY — COCT@B-JIIIOT — YEThIpe
monxona: gestenbHOCTHRIM (A. H. JleontseB, C. JL
PyOunmTeiin), xomnereHtHocTHbIN ([[x. PaBen, U. A.
3umusis) [3], koucrpyktusuctckuii (JI. C. Beirorckuit, JIx.
Ipton) [4] u akmeonormyeckuid (A. A. epkau, H. B.
Ky3pmuna) [5]. Kaxnmplit u3 9THX MOOXOHOB IMO3BOJSIET
PACKpBITH pasIu4HbIe aCIIeKTHI nporecca
po(heCCHOHAIBHOIO CTAHOBJICHUS CTYICHTOB M Pa3BUTHA
UX TMPOEKTHOTO MBIILUICHHUS. UX IPOSKTHOTO MBIILICHHS.

Jlnst paboThl MCIIONIB30BAIUCH TEOPETUYECKHE METO/IbI
(amamu3 u 00OOLIEHHE JIUTEPATyphl, CPaBHUTEIBHO-
KOMIIAPAaTUBHBIN aHAJINW3 OTEYECTBEHHOI'O M 3apyOeskHOro
OIIBITA, MOJEIUPOBAHHE CTPYKTYPbl KOMIETEHTHOCTH) U
SMIMpUYECKUE (aHKETHPOBaHUE, HAOJIIOICHNE, SKCIIEPTHAS
OIICHKA, KOHTEHT-aHAJIM3 U NeJarorudeckuii SKCIepUMEHT).

Ha mnpensapurensHOM 3Tane INPOBEACHO MHIOTHOE
anketupoBaHue 50 crymeHTOB 3—4 KypcoB HalpaBIECHUS
«Ilegaroruka». Cpennuii ypoBeHb Teopun cocTaBui 31,33
n3 40 (78,3%), a TOTOBHOCTb K NPAKTHYECKONH MPOEKTHOM
nearenbHocTH — 4,22 u3 5 (84,4%). BeiBunuce Tpu
MPOOJIEMBL: CTYACHTHI [UI0XO CTPYKTYPHPYIOT MPOSKTHI Oe3
1abaoHOB, cabo B3aUMOJCHCTBYIOT B KOMAHIE OHJIAUH U
HE YMEIOT IpPOBEPATh HMH()OPMALMIO KPUTHYECKH. OTH
HaOJIOACHHS JISTIA B OCHOBY pa3pabotku (opmupyromieit
MOJIEJIH.

DKCHepUMEHT TPOXOIHU C OKTsIOps mo mekabps 2025
roga Ha Oaze HITY wumenn Huzamu B aucuuruinne
«Meroauka npenoaasanus npeamera Bocuranue». B Hem
yuacrtBoBaia rpymmna [1-302: 15 cryaeHToB 3a04HO#M HOpMBI
(3kcmepuMeHTanbHas) W 15 O4yHOH  (KOHTpPOJIBHAsA).
CrarucTuyeckas IpoBepKa IOKa3aja, YTO  TPYIIIBI
conoctaBumbl (F smm = 1,194 < F xpur = 2,48; U smm =
105 > U_kpwur = 72; p = 0,05).

OKkcnepuMeHT OblT  (QOPMHUPYIOIIMM:  IPOBEPSIIOCH,
nomoraer i ucrons3oBanne GenAl akTuBHee pa3BUBATh
NPOEKTHYI0  KOMIIETEHT-HOCTb.  OKCIIEpUMEHTAIbHASL
rpynmna padoTana IO MOJCIH «UHTEJUIEK-TYaJbHOTO
naptHépcrBay: MM remepupoBan HAEH, CTYIACHTBI HX
OpOBEpSIM N0 TPEM KPHTEPUSIM — HOPMAaTHBHOMY,
(aKTONMOTHYECKOMY W COLMOKYJBTYpHOMY — |
aIANTHPOBAIIH I10]] PEATILHYTO IIKOJIBHYIO IPAKTHKY.

Pa6ota npoxoanma B Tpu stana. Ha xoHcTaTtupyromem
(OKTSIOpB) OTpeneNéH NCXOMHBIH YPOBEHb KOMIIETEHTHOCTH
(OI' — 34,07; KI' — 34,87; p > 0,05). Ha ¢popmupyromem
(HOSIOpB) CTYHEHTHI JeNany MPOSKTHl B MAIBIX TPYIIax C
ucnons3oBanrem ChatGPT, Claude, Midjourney u Gemini.
Ha 3akimrounTensHOM STame IPOBOJWIACH OBTOpPHAS
JIMarHOCTHKA W 3aIUTa MPOEKTOB.

PesynbraTel: B SKCHEPUMEHTAIBHOM TpyIIEe CpeIHui
mokasareib Beipoc ¢ 34,07 mo 43,87 (28,8%; t = 4,32, p <
0,01), B koHTpOIBHON — ¢ 34,87 1o 39,13 (12,2%; t = 2,15;
p <0,05). [Tocie sKcTIepUMeHTa pa3nuaus MEXIy FPyTHaMu
ncuesm (t smm = 0,69 < t kpur = 2,048; p > 0,05), uto
TOKa3bIBaeT: MpEJUIOKeHHAs] METOAWKA JIeHCTBHUTEIHHO
TIOMOTaeT  3a0YHMKaM  KOMIIEHCHPOBaTh  HEIOCTaTOK
ayJMTOPHOTO BPEMEHH.

3. Pe3yabTarhl U 00CyxKAeHNE

CtpykTypa " co/iep:Kanme TICHX0JI0T 0~
MeJaroru4ecKux TUCHHIINH

IIcuxomnoro-nenarornyeckue JIMCTIUIT-TIHBI
(OpMHpYIOT OpraHUYHBII Hay4yHbIH OJIOK, 0OBEIMHEHHBII
oMM  00BEKTOM —  Pa3BHUBAIOILCHCA  JIMYHOCTHIO
YeJIoBeKa — M €IMHOH 3a1aueii: IOHATh 3aKOHOMEPHOCTH €€
pasBUTHS M OBIAAETh  METOAAMU  OpraHU3alUd
00pa3oBaTeJILHOrO  IIpoOLEecca,  HANpaBJICHHOIO  Ha
(hopMHpOBaHUE MPOEKTHBIX KoMIeTeHIMi. OCBOCHHE ITHUX
JMCLUIUINH TT03BOJIACT CTY/ICHTY HE TOJbKO aHAIN3UPOBaTh
o0yuaroImuxcs, HO ¥ IPOEKTUPOBATh y4yeOHbIE U
NpPAaKTHYECKHE  3aJaHus, CTPOUTh  0Opa3oBaTelbHbIC
TPAGKTOPUM, YYUTBHIBATH HHAWBHYaJIbHbIE OCOOCHHOCTH
YYaCTHHKOB U LIEJIM KOMaHHON paboThI.

Ienaroruka BbICTyHIaeT KIIOYEBbIM KOMIIOHEHTOM
9TOro 0JI0Ka, NPEOCTABIId 3HAHUA O 3aKOHOMEPHOCTSX
oOyueHus, MeToJaX M TEXHOJOIMSAX IPENo/aBaHus,
NPUHIMIAX MOTHUBALlMM WU Pa3BUTUS KOMIIETCHLMHA. OTH
3HaHHA MO3BOJIOT OyIyLIeMy CHELHAIUCTY CO3HATEIbHO
OpraHW30BBIBATH IPOLIECC IIPOEKTHOH  JEATEIBbHOCTH,
c031aBaTh yCIOBUs Uil 9(PEKTUBHOIO YCBOCHHS 3HAHUI U
pa3BUTUSL ~ CAMOCTOSTENBHOCTH,  KPUTHYECKOTO U
TBOPYECKOI'O MBILUICHHS, a TaKKe LeJICHAPaBIeHHO
(dhopmupoBaTh HPOPECCHOHAIBHYIO 3PEIOCTh CTYICHTOB.
Ienaroruka pacKpbIBaeT 3aKOHOMEP-HOCTH CTaHOBIICHUS
JUYHOCTH B Tmpouecce oOydeHus u BocmuTanus. Kak
ykasbiBaeT b. T. JIuxaués, meparoruka BouIBIsIET (GakToOpBI,
criocoOcTBytomue 3PHEKTUBHOMY YCBOCHHIO 3HAHHIA,
YMEHHH M CIOCOOOB MBILIUICHHS, a TaKKe MEXaHU3MbI
BbIpabOTKH y  0Oy4aeMbIX COOCTBEHHOH  CHCTEMBI
LEHHOCTHBIX opHeHTauuii [6]. VmeHHo mnemaroruka
(dbopmupyeT MOHUMaHHE «3adyemM» B MPO(HeCcCHOHATbHOMN
JeATEIbHOCTH.

Tcuxonorus BBICTYIIAET TEOPETU-YECKUM
(dyHIaMeHTOM OJIOKa, PacKpbIBas CTPYKTYPY JIMYHOCTH,
MEXaHM3Mbl ~ BOCHPMATHS, TaMATH, MBILUICHUS U
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SMOIMOHAILHO-BOIEBOH cepbl. DTH 3HAHMS HEOOXOUMBI
OyIylneMy CTIeIUAIIICTY JUISl TOTO, 9TOOBI IPOrHO3UPOBATH
MOBEJICHUE JIFOJCH, BBICTpaWBaTh aJpECHBIC CTPATerHu
B3aMMOJICHCTBHS M TIPUHAMATh OCO3HAHHBIC PEIICHUS IIPU
OpraHM3alliy  TPOEKTHOM  NEeATeNbHOCTH, Jemas  ef
3¢ (HEKTUBHON U OCMBICIICHHOM.

ConyanpHast IICUXOJIOTHS U3YYaeT TOBEACHNE YeI0oBeKa
B TIpymme, MeEXaHH3Mbl MEXIMYHOCTHOIO  BJIMSHUS,
(eHOMEHBI JHAepcTBA W KOH(IHKTa. B  KOHTekcTe
MIPOEKTHOM JEATETHHOCTH 3TO O3HAa4aeT CII0COOHOCTH
YHpaBIATh KOMaHIHBIMH TIPOIIECCAMHM M BBICTpauMBaTh
9p(PeKTUBHYI0O KOMMYHHKAL[MIO BHYTPH  IPOEKTHOM
IPYIIIBL.

Bo3spacrHas TICHXOJIOTHSt obecrie-quBaeT
¢ hepeHITPOBaHHBIA B3I HA pa3BUTHE JHMYHOCTH Ha
Pa3IMYHBIX 3TaraX OHTOreHe3a, (OPMHUPYS y CHEIHAINCTa
CIOCOOHOCTB a/IaNTHPOBATh MPO(eCCHOHATBHBIE TTOIXO0 b
K BO3PAaCTHBIM XapaKTe-PUCTUKAM CBOHMX HOIOTICUHbIX.

[enmarorudeckast akMeoJIor st 3aHIMaeT 0C000e MECTO B
nanHoMm Onoke. CormacHo A. A. Jlepkady, akMeoJIOTHs
HCCIIeyeT 3aKOHOMEPHOCTH M MEXaHH3MBI JIOCTHIKEHHUS
YeJIOBEKOM BEPIIMH MPOPECCHOHATBHOTO MacTepcTBa; ef
MPEeAMETOM  BBICTYHAIOT ~ TPOIECCHl W YCIIOBHS
npodeccroHaIbHON caMopea-JIN3auy JINIHOCTH, HaunHas
¢ mnpodeccroHambHOTO  camoompenenenus  [5]. B
0o0pa3oBaTeNbHOM  MNPOCTPAHCTBE OHAa  OOECIeunBaeT
MIPOEKTUPOBAHUE BOCXOJIIEH TPAGKTOPUH  Pa3BUTHS
CTyZeHTa — OT 00y4aeMOoro K CaMOCTOSITEIbHOMY CyOBeKTy
npodeccroHaIbHOMN NesTeTbHOCTH.

Poub B cucTeMe BhICIIEro 00pa3oBaHust

B cucreme  Bbicmiero  oOpa3oBaHMS ~ JaHHbIC
JMCLUIUIMHBL BBINOJHAIOT 4Yerhlpe (GyHKuuu. Ilepsas —
ryMaHusalus — 00pa3oBaTeNbHOrO  Ipolecca: OHH
MIEePEOPUEHTUPYIOT y4eOHbIH mporecc ¢ (opMaibHOU
nepefaud 3HaHWM Ha pa3BUTHE JHMYHOCTH CTYICHTA Kak
nenocTHoro cyobekra. I'ymanucruyeckas nenaroruka (K.
Pomxepc, A. Macnoy) yTBepKAaeT, uTO MOIIMHHOE
pa3BUTHE BO3MOXHO JIMIIb IIPU CO3JaHMU aTrMochepsl
NICUXOJIOTMYECKOH 0E3011aCHOCTH M YBaXXEHHMs K JINYHOCTU
oby4aemoro [7].

Bropas ¢yukims — ¢opmuposanue Soft skills. TTo
nanaeiM BO® «Future of Jobs» (2023), cpemu mecstu
KJIFOYEBbIX HABBIKOB OyJIyLIEro CeMb OTHOCATCA K
kareropun  SOft skills: awanuruueckoe u TBOpYEcKoe
MBIIIIEHHE, TUOKOCTh, cam03(pPEeKTHBHOCTb,
mo0o3HaTenbHOCT, M HaaéxkHocTh [8].  Ilcmxosoro-
NEeJarorM4eckue  JMCLMI-JIMHBL  SIBISIOTCS  IJIaBHBIM
aKaJIeMMYEeCKUM  MHCTPYMEHTOM  LieJICHAIPaBJICHHOTO
(hOopMHUpPOBaHUSI ITHX KAYECTB.

Tperbs  QyHKIMS —  pasBUTHE  KPUTHYECKOrO
MBIIUICHHS. [I3yd4eHHe ICHXOJIOrMYECKUX MEXaHH3MOB
MO3HAHUS, NENaroruyecKuXx KOHIENIMHA oOydeHHus u
COLMAIILHO-TICHXOJIO MYECKUX 3aKOHOMEPHOCTEH
IPYNIIOBOTO  TIOBEACHUS  (OpMUpYeT Yy  CTYJACHTa
HHCTpyMEHTapuil  pedIeKCUBHOTO  MPO(ECCHOHATBHOTO
MBIIL-JICHHUS.

YerBéprass (yHKIMS — TMOArOTOBKa K pabore B
CII0KHOM colanbHO# cpeae. Crienuanuct 6e3 ICUX0JIoro-
MeJarOrMYeCKON MOATOTOBKH 3HACT «KAK JeNaTbh», HO HE
MOHUMAET «3a4eM U JUIS KOro» — 4TO Hen30eKHO BeNET K
npodeccronasbHOMy (opManusMy © yTpaTe CMbICIA
JESATEIBHOCTH.

MexaHu3MBbI (popmuposanus NPOEKTHOIO
MBbILLICHUS

IIcuxomnoro-nearorn4eckue TUCIUILINHEL (POPMHUPYIOT
OCHOBY NIPOEKTHOTO MBIIIUICHUS yepes TpH

B3aUMOCBSI3aHHBIX MexaHu3Ma. IlepBelii W3 HHUX —
npobiemMaTH3alys, KOTOpas BO3HHMKAaeT B  IIpolecce
M3y4YeHHs] MeJarornkKi W CMEXHBIX JUCLUIUIMH: CTY/EHT,
obyafaromii 3HAHMUSIMH O 3aKOHOMEPHOCTSIX Pa3BHUTHS
JMYHOCTH M OCOOEHHOCTSX 00pa30BaTENbHOIro MpoIiecca,
Ha4yMHAeT BOCIPHHUMATH y4EOHYIO W NPO(ECCHOHATBHYIO
pearbHOCTh KaK JKMBOE IIPOCTPAHCTBO YEIOBEYECKUX
norpeOHOCTEH, TpeOyIOMmMX  OCO3HAHHOTO  mmpodec-
CHOHAJIBHOTO OTBEeTa. VIMEHHO 3TO OCO3HaHWE CTAHOBUTCS
UCXOIHOW TOUYKOH NPOEKTHOTO MBIINUICHUS, (GOPMHUPYS
CIOCOOHOCTH BHJIETH NPOOJEMY, CTaBHTh LEN M HCKATh
ITyTH €€ PEIICHNs].

Ienenonaranne nproOpeTaeT NEHHOCTHOE M3MEpEeHUe
Onarofmapst megaroruke 1 akMeosioruu. Ilepsas gopmmupyer
TTOHNMaHHE CMBICTa TMPO(ECCHOHATEHON IesTeNbHOCTH
Yyepe3 OCBOCHUE TEOPHUil BOCIIMTAHMS; BTOpast OpUEHTHPYET
CTyJeHTa Ha BBICIIHE CMBICTBl  MPO(ECCHOHAIBHOM
caMopean3anum. TIcuxonmoro-akmMeonornaeckne
MEXaHN3Mbl HHTEHCU(DUIMPYIOT ¥ ONTHMHU3UPYIOT MPOIIECC
(opmupoBanus npodeccnoHaIBHOr0 MacTepeTsa [S].

Pedrexcus kak 00s3aTeNIbHBIII KOMIOHEHT NPOEKTHOTO
[UKJIa SIBISIETCS] [IGHTPAIBHON KaTerophel INMCHXOJOTUH U
neparornyeckoir  akmeosormd.  Cormaco  }O.  H.
KymoTkuHy, IMEHHO pedieKCHBHOE MBIIUICHUE OTJINYaeT
mejarora-Macrepa  OT  Ilejarora-pemecieHHuka  [9].
Pednekcust TO3BONSET CTYNEHTY BBINTH 32 paMKH
UCTIOJTHUTENBCKON TIO3ULMK W 3aHATH TO3MIMIO CyOBeKTa,
CaMOCTOSITETEHO YIIPaBIISIOIIETO CcBOCIH
npodeccnoHaIbHON TPaeKTOPHEH.

4. 3akiaoueHue

Icuxonoro-negarornueckue JMCLUILINHBI —
HCUXOJIOTHS, TeJaroruKa, COLMaIbHAS  HCHXOJIOTHS,
BO3PACTHAs IICHXOJIOTHS U NeJarorH4eckas akMeoIorust —
00pa3yIoT eIUHBIN OJIOK 3HAHUS O YEJIOBEKE U €r0 Pa3BUTHU
4yepe3 oOpazoBaHHe. JTOT OJIOK SIBISIETCS CMBICIOBBIM
A0pOM  IPO(ECCHOHAIBLHON  IOATOTOBKH, a He &
¢daxynpTatuBHbIM  nononHeHueM. OH  obecrieunBaer
rymMaHuzanuio  o0ydeHus, (opmupoBanue Soft  skills,
Pa3BUTHE KPUTHYECKOTO MBILIICHUS ¥ TOTOBHOCTB K paboTe
B CJIOXHOHM COLMAIBHOM Cpele — Te KauecTBa, KOTOphIE
OIIPENEIAIOT 85% podeCCHOHATBLHOTO ycrexa
crieranucta [2].

Tenaroruyeckas akMeonorus npeBpalaeT CTyJeHTa U3
TACCHUBHOTO 00BEKTa 00Pa30BATENILHOIO BO3JEHCTBUS B
AKTHBHOTO CyObeKTa COOCTBEHHOro MpodeCCHOHATBHOTO
pocra, obecreunBas BOCXOJALIYI0 TPACKTOPUIO  €ro
pa3BuTUS U GOPMUPOBAHUE CAMOCTOSITEIILHOTO IIPOEKTHOTO
MbllIUIeHHs. [lepcneKTuBpl  AanabHEHINNX HCCIIEAOBAHUI
Hpex/e BCEro CBs3aHbl C Pa3pabOTKON THarHOCTHYECKOTO
MHCTPYMEHTapHs Ul OLICHKH YPOBHS C)OPMUPOBAHHOCTH
MICUXOJIOrO-TIEJArOTMYECKUX KOMIIETCHIIMH CTYACHTOB B
CHCTEME Tefaroruyeckoro obpaszoBanus PecryOmuku
V30ekucraH, YTO  TO3BOJIMT  TOYHEE  BBIABIATH
oOpa3oBaTesibHbIE TOTPEOHOCTH M COBEPLICHCTBOBATh
METO/BI MOJTOTOBKH Oy IyIMX CIICIHATHCTOB.
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Portland cement with limestone additive based on local raw materials

F.B. Atabayev!, G.B. Begjanova?!, G.R. Tursunoval, Z.B. Yakubjanova®

Abstract:

Keywords:

INizami National Pedagogical University of Uzbekistan, Tashkent, Uzbekistan

This study investigates the influence of limestone additive on the physico-mechanical and chemical
properties of Portland cement produced from local raw materials. Introducing limestone in amounts of
10-20 % improves the granulometric composition of cement, enhances the workability of cement paste,
reduces clinker consumption, and accelerates early hydration. Experimental results showed that at the
optimal additive content, sufficient compressive and flexural strength is achieved within the standard
setting periods. The results confirm the feasibility of effective use of local limestone in the production of
blended Portland cements that meet modern standards, allowing clinker savings and reducing production
costs.

portland cement, limestone, mineral additive, strength, clinker, gypsum, cement hydration, mechanical
strength, porosity, chemical composition

IopTiaananeMeHT ¢ M3BECTHAKOBOM 100aBKOIi HA OCHOBE MECTHOIO ChIPbS

Atabaes ®.B.}, Ber:kanosa I'.B.}, Typcynosa I'.P.}, SIxy6:xanosa 3.B.!

AuHOTALMA

Knrouessie cioBa:

HITYY3 umenn Huzamu, TammkeHT, Y36ekuctan

B nanHoi#l paboTe uccienoBaHO BIMSHHE W3BECTHAKOBON JOOABKM Ha CBOMCTBA MOPTIAaHJLIEMEHTA,
MOTy4YEHHOTO Ha OCHOBE MECTHOTO ChIpbs. BBeneHne usBectHsaka B komudectBe 10-20 % ymydmiaer
IPaHyJIOMETPHYECKUII COCTaB LIEMEHTA, HCIOIb3yeTcsl KaK aKTUBHAs MUHEpaIbHAs 100aBKa, CHIDKAET
pacxos KIMHKEpa M CHOCOOCTBYeT YCKOPEHHMIO THApaTallid B IEPHOJ, DPAHHEro TBEPACHUS.
OKCrepUMeHTallbHbIe PEe3yJIbTaThl II0Ka3ald, 4YTO TIPU ONTHMAIBHOM COJEPXKaHWH J0O0AaBKU
obecrieunBaeTcsl JIOCTaTOUHAs MPOYHOCTH IPU CKATHUM U W3TMOE B CTAHIAPTHBIE CPOKU TBEPICHMS.
IMomyueHHble JaHHBIE MOATBEPXKIAIOT BO3MOXKHOCTH 3((MEKTHBHOrO HCIONB30BAHUA MECTHOTO
U3BECTHSIKA IIPH NIPOU3BOJICTBE J100aBOYHOr0 NOPTIAH/LEMEHTA, YTO O3BOJIAET SKOHOMUTH KIIMHKED
CHIDKAaTh Ce0€CTOMMOCTh IIPOIyKIHH.

HOPTIAH/LEMEHT, H3BECTHAK, MUHEpaIbHas 00aBKa, IPOYHOCTb, KIMHKED, THIIC, THAPATALHs LIEMEHTa,
MeXaHHYEeCKask IPOUYHOCTh, XUMUYECKUI COCTaB

1. BBenenue

PemieHust TEXHOJNOrMYECKUX HPOOIEM, SBIISIOLINXCS
OHUM U3 BaXKHBIX IIyTe€ll pa3BUTHA CTPOUTEIBHBIX
MaTepHalioB Ha OCHOBE LIEMEHTa, HEOOXOAMMO IPH €ro
MPOU3BOJICTBE PEIaTh BOIPOCHI CHIDKEHMS 3arps3HEHHS
OKPY’KaloIleH cpeibl, B TOM YHCIIE U CHUXKATh BBIOPOCHI B
atMmocepy COz, BbIeNAIOMErocs B GOJIBIIOM KOJIHYECTBE
IIPY IPOU3BOACTBE 1ieMeHTa. OJTHUM M3 ITyTeil yMEHbIICHUS]
BbIOpocoB  CO2 B armocdepy B IEMEHTHOU
NPOMBILIJIEHHOCTH MOXKET ObITh CHIDKEHHE pacxoja
KJIMHKEpa B 1IEMEHTE WIM BBEJCHHE B HEro IpH HOMOJIE
HEKOTOPOrO  KOJMYecTBa  M3BecTHsKa. JlambHeifnnee
YBEJIMYEHHE B [IEMEHTE KOJIMYECTBA M3BECTHAKA B JIy4lleM
clly4ae TIepeBOJUT €T0 B pa3psijl Jo0aBKe, a yBeIHYCHHE ero
KoJIM4ecTBa B IieMeHTe 10 35 %, IPHHATOE COBPEMEHHBIM
T'OCT 31108- 2020. Takxe ObLIO YCTAaHOBIICHO, YTO
M3BECTHSK 1IEJeCO00pa3HO HCIOJIb30BaTh B ILIEMEHTE C
TMOBBIIIEHHBIM cojiep>kaHueM CsA, Tak Kak 3TO MO3BOJAET
HECKOJIbKO YBEJIMYUTh MPOYHOCTh IIEMEHTHOTrO KamHA [1].
Haneneiimue ucciaenosanuss B.M. Komabacosa, A.C.
[lanteneesa, B.C. CaBuna, }0.M. bytta, B.B. Tumaresa u

I0.N. benmrreiina TaKKe MOATBEPANIIN, 4TO
B3aMMOJICHCTBHE KapOOHATOB KaJblMs W MarHus, Kak
TIPaBHJIO, MIPOUCXOAUT c AIOMOCO/IEPKAIIIMHU

COCTaBJIAIOIIMMH LIEMEHTa, ¢ 00pa30BaHUEM HEIPEPHIBHOTO

psiaa tBepabix pactBopoB 3CaO-Al203-CaCOs-12H20 —
3Ca0-Al203-3Ca(C0O)3-32-H20 [2-17]. BbLio
YCTAHOBJICHO, YTO B MPOLECCe TBEPACHUS TaKuX
MAaTepUalioB BHAYaje MPOSBISIOTCS —MeTacTabuibHbIe
obpazoBanns Tuma 3CaO-Al203-0,25:CaCOs-11H20 —
YEeTHIPEXKAIBLHEBOrO MOHOKapOOHATHOTO
IHAPOAIFOMUHATA, a Jajiee BO3MOKHO 0Opa3oBaHHE JHaxe
3Ca0-Al203-3CaCO03(30-32)-H20 — miecTHKaIbLHEBOrO
TPEXKAPOOHATHOTO TUAPOATIOMUHATA, KOTOPBIE COJACPIKAT
3HAYMTENBHOE KOJMYECTBO XUMHYECKHU CBSI3aHHOM BOIBL.

2. MeToao/10rusl UCCJIE10BAHNSA

OOBEKTOM  HCCIe0BaHUS
mectopoxaenus «Oqtov» (Pecmybnuka Kapakanmnakcran),
HUCHOJb3YEMbIi B KauecTBe aKTHUBHOM MMHEpaJIbHOM
no0aBKM K [eMeHTy. VI3ydeHbl  ero  XHMHKO-
MHMHEpAJIOTHYECKUH  COCTaB M (U3UKO-XMMHYECKHUE
CBOMCTBA.

XUMHYECKMH COCTaB M3BECTHAKA ONPENCIUIA IO
metoguke ['OCT 5382-2019; MuHEpanoruio u CTPyKTypy
— TpaJULMOHHBIMH METOAAMH  (HH3UKO-XMMHYECKOTO
ucciefoBaHus  (ONTHYECKUH — C  HCIOJIb30BAHHEM
O6uHOKyIsIpHOTO MUKpockomna B1-220A; penrrenoda3oBblit
— na qudpakromerpe XRD-6100).

SIBJIACTCA H3BECTHAK
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3. Pe3yabTaThl U 00Cy:KIeHHE

B cBmu c Tem, uro B MectopoxaeHun «Oqtov»
oOHapy)XKeH 3HAYUTENBHBIA 3amac W3BecTHsiKa (puc. 1),
paHee  HE  MKCIONB30BABILETOCS B LEMEHTHOH

MPOMBILIJICHHOCTH B KayecTBE AKTUBHON MHHEPaJIbHOU
0CTpO

nobaBkn, a Ha OOO «Karakalpak Cement»

oIyniaercs AehUIUT aKTUBHON MIUHEPATBHON JT00aBKH JIJIsSt
yBeNWYeHUs 00beMa MPOW3BOJCTBA JIOOABOYHOTO U
MYIII0JIAHOBOTO LIEMEHTa, LETIBIO HaCTOSILETO
HCCIIEIOBAHUS  SIBIBUIOCH ~ ONpENCNCHHE IPHUTOJHOCTH
JTAHHOTO W3BECTHSKA JUI HWCIIOJB30BAaHMSA B KadeCTBE
MUHEPAIFHOU JTOOABKH, a TAaK)Ke OIEHKA €ro BIHSHUS Ha
MOKa3aTeJ M IPOYHOCTH MOPTIIAH/IEMEHTa.

Puc. 1. M3BecTnsik Kapakannakcranckoro mecropozkaenust x100

IIpoGa u3BecTHsKa, KOTOPYI0 B paboTe IUIaHUpYyeTcs
UCTIONB30BATh KaK AaKTHMBHOM MMHEpalbHOM JI00aBKH K
LEMEHTY, MO0 XHMHYECKOMY COCTaBy COOTBETCTBYET
TpeboBaHusIM, npeabsiBisieMbiM O'zDSt 2950 «Marepuainst
CBIPBEBBIE Ul  HPOM3BOJACTBA  IOPTIAHALIEMEHTHOTO
KIMHKepa. TeXHUYecKHe YCIOBHS», K XHUMHYECKOMY
coctaBy  KapOOHAaTCOZEpIKallero  KOMIIOHEHTa Ul
MPOU3BOJICTBA MOPTJIAH/LEMEHTHOrO KJIMHKepa (Tadm. 1).
BusyanbHO U3BECTHSIK NPEICTABIICH KyCKOBOI 00JIOMOYHON
TOpPHOH MOPOJI0if 0OCaoYHOro NporcxoxaeHus, Lger Gerno-
CepoBaThIi C HAJETOM KPAaCHOBATO-OPAH)KEBBIX OTTEHKOB
(puc. 1). Tekcrypa ongHOpOnHas, IUIOTHAs, CTPYKTypa

E

bty

A
¥

HU3KOIIOPUCTast, KpHCTALIHIecKu-3epHHCcTas. OCHOBHOE
BemecTB0 - kapOonat kampius CaCOs B KoIHM4ecTBe
95,86%, MgCOs = 0,924% (tabm. 1).

Pesynbrartel peHTreHO(a30BOro aHajiM3a H3BECTHIKA
HMEIOT XOPOIIYI0 CXOJMMOCTh C JIAHHBIMH XHMHYECKOTO
aHajM3a: ero AudpaxkrorpaMma UACHTHGUIUPYET HaJIHIHE
uHTEeHCHBHBIX oTpaxkeHnd CaCOs ¢ d/n = (0,302; 0,248;
0,227; 0,187...) nm (puc. 2). [IpucyTcTBYIOT ITHHNA ciaboit
unreHcuBHoctn npu d/n = (0,383; 0,208; 0,190; 0,160;
0,151; 0,143; 0,141) nm, xapaxTepuU3yIOLIME BKJIIOUCHUS
NpUMecel aTIOMOCHJIMKATOB KalMsl THUMA TeJeHHTa —
Ca0-A1203-SiOz.

TR 1

hiw
i3 1L}
L3
L]

Puc. 2. PeHTreHorpaMmMa TeXHOJIOIHYeCKOW MPoObI H3BECTHSIKA MecTOpOkAeHns «KapakajlnakcraHcKoro» yyacrka
«Oqtov», nm

U3BecTHSIK,
CaMOCTOSITEJILHO

KaKk IpaBHIIo, K 4HCIy
HE TBEpACIOIIEHl TOpHOH MOPOJBL
ITosToMy ero ruapaBiuuecKkas akTHBHOCTb IO KPUTEPHIO

OTHOCHUTCA

CThlOICHTa HE ONpEeJeNsiercs, a NpH NPUMEHEHHH ero B
KayecTBe  KOMIIOHEHTa  KOMIIO3MLMOHHOH  J100aBKU
pykoBoactBytotrcst  TpeboBanusmu ['OCT  31108-2020,
KOTOPBIH MPeyCMaTPHBAET BO3MOXKHOCTh €TI0 BBEICHUS B
LIEMEHT B Ka4eCTBE J0OABKH-HAMOIHHUTES.

B pa6ote ucmonb30BaH MOPTIAHALEMEHTHBIA KIHHKED
AO «bekabaaueMeHT», COOTBETCTBYIOIMN TPeOOBaHHUAM

0‘zMSt 337:2024, Kapakanmnakcranckoro
MecTopoxaeHus yuactka «Tomaba» B COOTBETCTBHU C
tpedoBanmsamu Oz DSt 760 (2-i copT), a Tak)Ke H3BECTHSIK.
XUMUUECKHil COCTaB MCXOJHBIX KOMIIOHEHTOB OINpPEAEIISIIN
no tpeboBanusimM ['OCT 5382-91 «IleMeHTHI U MaTepuaisl
LIEMEHTHOTO  NPOU3BOJACTBA.  MeToabl
aHanmu3a» (Tabm. 1).

THUIIC

XUMHYECCKOr'o

ENGINEER



Ta6auna 1

XuMHYECKHH COCTAB UCIOJIb3yeMbIX KOMIIOHEHTOB.

Copep:xaHne MaccoBo 1011 OKCUI0B, %o
HaumenoBanue
ILILIT SiO2 Al20O3 Fe203 CaOo MgO SO3 Ip.
W3BeCTHSIK MECTOPOKICHUS
«Oqtov» Pecry6muku 42,80 1,05 0,80 0,75 53,68 0,44 0,20 0,28
Kapakannakcran
0,36 21,90 4,50 3,75 64,26 1,44 - -
1L xmHKep AO
((BeKa6aHHCMCHT» C3S:58,25, CZS:18,83, C3A:5,56, C3A+C4AF:16,96, C4AF:11,40,
Ca0/Si02=2,93; KN-0,90; n-2,65; p-1,20
I'uncoBelif kaMeHb
MecTopokaeHus «Tarrabay» 21,17 1,15 0,78 0,17 31,60 0,34 43,46 0,39
Hagowuckoro perunona
Tabauna 2
Buinsinne U3BECTHSIK HA MOKA3aTeJIM MPOYHOCTH MOPTJIAHAIEMEHTA
Ne n/m CpaBHHTENBHBIE TTOKA3aTENN IPOYHOCTH CTaHIAPTHBIX 00pa3noB-pu3M 4x4x16 cM cocrasa 1:3
Konugectso B/ Cpoxku cxsarbiBanmsi, h- B/ IIpenen npounoctu npu usr/cx., MPa,
J00aBKH min yepes:
(M3BecTHSIK)
(macc.%)
Hayajuo KOHeIl 2cyT TcyT 28 cyT
1 J-0 0,26 2-02 3-02 0,5 3,3/13,22 3,9/19,92 5,55/34,91
2 J-15 0,27 1-19 3-21 0,5 3,6/16,31 3,8/20,13 5,40/37,53
3 J-20 0,27 1-31 3-10 0,5 2,2/12,65 3,6/19,85 4,42/33,70
Ilpn OGonee JUIMTENBHOM TBEPACHUM IIEMEHTHOU CYMMapHYI0 TOPHUCTOCTb, IOBBIIIAIOT MEXaHUYECKYIO

KoMmmo3uimu mnpoucxoaut B3aumopeiictBue ¢ Ca(OH)2 ¢
o0pa3oBaHHEM  THAPOCHIMKATOB  KaJbLHs, KOTOPHIE,
CKJICHBas 3epPHA U3BECTHSKA B COCTABE JJOOABKH, YIIOTHSIFOT
(OPMHPYIOILYIOCS LEMEHTHYIO CTPYKTYPY M YMEHbIIas eé

HPOYHOCTb, HECMOTPS HAa TO YTO JOJNSA AKTUBHOM
KJIMHKEPHOH COCTaBIIOIIEH B cocTaBe MOPTIaHALIEMEHTa
yMmeHbIeHa Ha 20% (tabm. 2).

Tabnanna 3
CkopocTh cBA3bIBaHHE BOJbI NIPH TBePACHUH NOPTJIaHALEeMeHTOB ¢ 15% u 20% (HU3BecTHSIK)
Ne /it KonuuectBo 106aBKu CoaeprkaHue XUMUYECKH CBA3aHHOM BOJIBI, uepes (CyT):
(A3BecTHSIK)
(macc.%) ! 3 ! 28
1 J-0 13,73 16,10 16,27 21,38
2 J-15 18,23 20,13 22,74 25,15
3 1-20 18,96 21,80 22,93 24,62
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Pucynok 3. U3menenue ckopoctu ruaparanuu nopriaanauementa (IIL) B 3aBucuMocTH 0T BUAa H3BECTHAKA U BPEMEHH
TBepaenus: 1-III-10 2-ITI- 15 3-ITIL-/120

B Ttabmmme 3 mpuBeneHs! JaHHBIE 10 KHHETHKE
CBSI3BIBAHUS BOJIBI B npouecce TBEpICHUA
MopTiaHaeMenTa ¢ gobaBkoi u3BecTHsika. CoriacHo
TMOJTY4EHHBIM pe3yJibTaTaM, KOJINYECTBO BOJIBI, CBSI3aHHOI B
THIpPaTHBIX OOpa30BaHUSIX HAa PaHHHUX CPOKaX TBEPACHHUS
KaK B MOPTJIaH/LEMEHTE C 100aBKOI N3BECTHSKA, TaK 1 03
Hee, Ha 1,45-1,48 % BbIlIe N0 CpaBHEHUIO ¢ 00pa3uamMu 13
YHCTO KIIMHKEPHOTO IIEMEHTA.

4. 3akiaouyeHue

VYCTaHOBIECHO, YTO KOJMYECTBO CBA3aHHOW BOIBI B
obpasuax ¢ J00aBOYHBIMH MOPTIAHLEMEHTAMH HECKOJIBKO
BBIIIIE, YEM Y HCXOHOH MaTpPULIbI, OHAKO P3Ny MEKILY
HUMHM He3HauuTenbHbl. [Ipu Oonee IMpPOJOIKUTENEHOM
TBEPJICHUM TIPOLECC THApaTalliM IOPTIAHALEMEHTa C
U3BECTHAKOM  yCKOpsieTcs, YTO  NOATBEPXKIACTCS
YBEJIMYEHHEM KOJIMYECTBA CBS3aHHOW BOJbl, KOTOpOE B
OTZEJIBHBIX CITy4asiX JlaXke MPEeBbILIACT I10Ka3aTelb o0pasia
IT1I-/10.

3HaueHus npejesa NPOYHOCTH IPU U3rHOe U CHKaTHU
oOpa3uoB nopmianguemMeHToB ¢ 15 % u 20 % nobGaBku
U3BECTHSKa B Bo3pacre 28 CyTOK NpPaKTHYECKH He
OTJINYAIOTCS or HPOYHOCTHBIX HoKazareJsen
6e3100aBO4HOrO 1IeMeHTa. [loyueHHbIe pe3ybTaThl (Ta0IL.
2) CBUIETENBCTBYIOT O TOM, YTO IIPH OPraHU3alMK BbIITyCKa
MOPTJIAH/ILIEMEHTA ¢ HOBBIM BUIOM J00aBKH JJOCTUTAETCs He
TOJIBKO 3KOHOMUSA 10 20 % KIMHKEPHOH cocTaBistouiei u
CHI)KEHHE ce0eCTOMMOCTH IPOAYKIMH, HO ¥ 3HAYUTEIIBHOE
yBeluyeHHe 00bEMa IIPOU3BOACTBA [IEMEHTA.
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International engineering and landscape approaches to the planning of coastal
territories in a sustainable urban environment

N. Drobchenko®?
1Samarkand State University of Architecture and Civil Engineering named after Mirzo Ulugbek, Uzbekistan

Abstract: Coastal territories are increasingly recognized as key components of a sustainable urban environment
due to their ecological, social, and engineering functions. However, climate-related risks and increasing
anthropogenic pressure make coastal zones highly vulnerable and require integrated planning
approaches. The aim of this study is to analyze international engineering and landscape approaches to
coastal territory planning and to identify an integrated conceptual model ensuring ecological resilience,
engineering stability, and social functionality. The methodology is based on qualitative and comparative
analysis of scientific publications, analytical reports, and case studies, supported by a system approach.
The results show that the most effective planning solutions are achieved through the coordinated
implementation of green infrastructure, engineering adaptation, ecological regeneration, and social
integration. The proposed conceptual framework can be applied in landscape and urban design practice,
especially in arid and climate-vulnerable regions.

Keywords: coastal territories, sustainable urban environment, green infrastructure, landscape architecture, climate

adaptation, nature-based solutions

1. Introduction

In the context of rapid urbanization, coastal territories
are increasingly recognized as strategic zones of interaction
between natural and anthropogenic systems. These areas
perform  essential  ecological functions, including
microclimate regulation, erosion control, and biodiversity
conservation [1].

In recent decades, the impact of climate change and the
growing anthropogenic pressure on urban ecosystems have
significantly increased. Coastal zones are particularly
vulnerable to flooding, shoreline degradation, and ecosystem
instability, which necessitates the development of new
approaches to their planning and management [2], [5].

Modern research emphasizes the importance of
integrating engineering solutions with landscape-based
approaches, particularly through the implementation of
green infrastructure and nature-based solutions [3], [6], [11].
Such approaches contribute to improving ecological
resilience, reducing environmental risks, and enhancing the
quality of urban environments [3], [6].

However, despite the growing number of studies on
coastal territory development, most existing research tends
to consider engineering protection, ecological restoration,
and public space organization separately. Insufficient
attention is paid to their integrated application within a
unified spatial and planning framework, particularly in the
context of sustainable urban development and climate
adaptation.

The relevance of this study is determined by the need to
develop sustainable and adaptive models for coastal territory
development, particularly under increasing climate risks.
The integration of engineering and landscape approaches
makes it possible to create multifunctional coastal
environments that combine ecological, protective, and social
functions.

3l https://orcid.org/0009-0003-3488-481X

The aim of this study is to analyze international
engineering and landscape approaches to the planning of
coastal territories and to identify an integrated conceptual
model that ensures ecological resilience, engineering
stability, and social functionality in a sustainable urban
environment.

2. Research methodology

The research is based on a combination of qualitative
and comparative methods. A review of international
scientific publications, analytical reports, and case studies on
coastal territory development was conducted.

The comparative analysis focused on identifying key
approaches to coastal planning, including green
infrastructure,  engineering  adaptation,  ecological
regeneration, and social integration. These approaches were
evaluated according to the following criteria: ecological
effectiveness, engineering resilience, adaptability to climate
change, and contribution to the quality of the urban
environment.

A system analysis method was applied to identify the
relationships between the considered approaches and to
develop an integrated conceptual model of sustainable
coastal territory planning

3. Results and discussion

The analysis of international practices and theoretical
approaches has made it possible to identify key engineering
and landscape strategies for the sustainable planning of
coastal territories. The results demonstrate that effective
coastal development requires the integration of natural and
engineering solutions aimed at enhancing ecological
resilience, reducing anthropogenic pressure, and increasing
the adaptive capacity of urban environments.

The main approaches identified in the study are
summarized in Table 1.
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Table 1

Key Approaches to Sustainable Coastal Territory

Planning
Approach Main Expected
Characteristics Effects
Use of vegetation, eRr?\?iLrjcc)gr?]ner?{al
Green permeable load and
Infrastructure | surfaces, and improvement of
natural systems \prove
microclimate
Engineering Shoreline Increased
Adaptation stabilization, resilience to
drainage systems, | erosion and
flood protection climate risks
Restoration of Enhancement of
Ecological natural biodiversity and
Regeneration | ecosystems and ecosystem
habitats services
Development of Improvement of
. ; urban
Social public and -
. . environment
Integration recreational - .
Spaces quality and social
P accessibility

The analysis indicates that each of the identified
approaches performs a distinct and complementary function
within the overall system of coastal territory development.
Green infrastructure contributes to microclimate regulation,
water retention, and the reduction of surface runoff, thereby
improving environmental performance. Engineering
adaptation ensures protection against erosion processes,
flooding, and other climate-related risks, providing
structural stability and safety. Ecological regeneration
supports the restoration of natural habitats and strengthens
ecosystem services, while social integration ensures
accessibility, functionality, and long-term sustainability of
public spaces.

Green

Engineering
Infrastructure

Biological Greening  Shore Protection 1
aptation

and Plantings and Drainage

Ecological
Regeneration

Ecosystem Recreation and
Restoration Leisure Areas

Climate Change Adaptation Sustainable Urban Environment

Fig. 1. Conceptual Model of Sustainable Coastal
Territory Planning

The study further demonstrates that the highest
effectiveness is achieved through the combined and
coordinated implementation of these approaches. Their
integration enables the formation of a resilient,
multifunctional, and adaptive coastal environment capable
of responding to contemporary environmental and climatic
challenges. This is particularly important for arid and
climate-vulnerable regions, where the balance between
ecological processes and engineering interventions plays a
decisive role in ensuring long-term sustainability.

The interrelation and interaction of the identified
approaches are presented in Figure 1.

DISCUSSION

The results obtained confirm that the effective
development of coastal territories requires a comprehensive
approach that integrates engineering solutions with
landscape-based strategies.

In contrast to traditional engineering methods focused
primarily on structural protection, modern approaches
emphasize the role of green infrastructure and nature-based
solutions [3], [6], [8]. These approaches not only reduce
environmental risks but also contribute to improving
ecological stability and enhancing the quality of urban
environments.

The findings of this study are consistent with current
research trends in sustainable urban development, which
highlight the importance of adaptive and flexible planning
strategies in response to climate change and increasing
anthropogenic pressure [4], [5]. These results also
correspond to current approaches to urban climate
adaptation and resilience planning described in international
analytical reports [4], [9], [10]. Particular relevance of the
identified approaches is observed in arid and semi-arid
regions, where water resource management and landscape
sustainability are critical factors. In such conditions, the
integration of ecological and engineering solutions becomes
a key factor in ensuring long-term resilience of coastal
territories.

Thus, the study demonstrates that the transition from
traditional engineering practices to integrated landscape-
engineering approaches represents a necessary step toward
sustainable urban development.

These findings are also supported by studies on spatial
safety and landscape resilience in urban environments [7].

The proposed approach extends existing studies by
structuring coastal planning strategies into an integrated
model that combines engineering protection, ecological
restoration, green infrastructure, and social functions. This
synthesis allows for a more comprehensive understanding of
sustainable coastal development and provides a basis for
practical application in urban planning and landscape design.

4. Conclusion

The study has demonstrated that coastal territories play
a significant role in the formation of a sustainable urban
environment and require an integrated engineering and
landscape approach.

The analysis made it possible to identify key principles
for the planning of sustainable coastal territories, including
the integration of green infrastructure, the application of
engineering protection measures, and the implementation of
nature-based solutions.

It has been established that the combination of ecological
and engineering strategies enhances environmental
resilience, reduces the impact of climate-related risks, and
improves the overall quality of urban space.

The results of this study may serve as a conceptual basis
for the development of integrated coastal planning and
landscape design projects, particularly in arid and climate-
vulnerable regions.
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