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Annotatsiya

Ushbu magolada shamol turbinalarining aerodinamik samaradorligi, zamonaviy
turbin modellari va ularning energiya ishlab chigarish salohiyati tahlil gilinadi.
Turbinaning ishlash samaradorligini belgilovchi omillar — Betz chegarasi, rotor dizayni,
pichog geometriyasi va turbinaning o‘qi turi o‘rganiladi. Shuningdek, vertikal va
gorizontal o‘qli turbinlar bilan bog‘liq innovatsion yondashuvlar, xususan, aerodinamik

optimizatsiya va mashina o‘rganish asosidagi dizaynlar ko‘rib chiqiladi. Tadqiqot natijalari
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shuni Ko‘rsatadiki, ilg‘or dizaynlar samaradorlikni oshirib, shamol energiyasidan

foydalanish darajasini yaqqol yaxshilaydi.
Abstract

This article analyzes the aerodynamic efficiency of wind turbines, modern turbine
models, and their energy generation potential. Factors determining turbine performance—
Betz limit, rotor design, blade geometry, and turbine axis type—are examined. In addition,
innovative approaches related to vertical and horizontal axis turbines, particularly
aerodynamic optimization and machine learning-based designs, are discussed. The results
indicate that advanced designs enhance efficiency and significantly improve the utilization

of wind energy.
AHHOTAIIUSA

B nanHON craTthe aHanM3upyeTcs a’poAMHaMuyecKkas 3PQPEKTUBHOCTb BETPSHBIX
TypOUH, COBPEMEHHbIE MOJEIU TYpOMH M MX MOTEHLHUAT MO BbIPAOOTKE HHEPIHH.
PaccmarpuBaroTcst pakTopbl, ONMpEAEIIAIONINe MPOU3BOAUTEIBHOCTh TYPOUHBI — TpEIes
berma, KOHCTpyKIMs poOTOpa, T€OMETpHsl JONmacTed W THUI OCHU TypOuHBL. Takxke
00CY)X/IalOTCSi MHHOBAlIMOHHBIE  TMOJXOJIbI, CBSI3aHHBIE C  BEPTUKAIbHBIMH U
TOPU30HTAJIbHBIMU TYpOMHAMHM, B YAaCTHOCTHM a’pOJMHAMHUYECKas ONTUMH3ALUSA U
KOHCTPYKLIMM, OCHOBaHHbIE Ha MAalIMHHOM OOyuyeHuH. Pe3ynbTaTbl MOKa3bIBalOT, 4TO
COBPEMEHHbIE KOHCTPYKIMU MOBBIIAIOT 3(P(HEKTUBHOCT, M 3HAYUTENIBHO YIy4YlIaloT

HCIIOJIB30BaHHUC BGTpOBOﬁ OHCPI'UHU.

Kalit so‘zlar: shamol turbinalari, samaradorlik, acrodinamik tizimlar, vertikal o‘qli

turbinlar, gorizontal o‘qli turbinlar.

Keywords: wind turbines, efficiency, aerodynamic systems, vertical axis turbines,

horizontal axis turbines.
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CUCTCMBbI, BCPTUKAJIbHEBIC Typ6I/IHI)I, IrOPHU30HTAJILHBIC Typ6I/IHBI.
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Kirish

Shamol turbinalari — bugungi kunda gayta tiklanadigan energiya ishlab chigarishda
eng keng tarqalgan qurilmalardan biri bo‘lib, ularning samaradorligi energiya salohiyatini
belgilaydi. Samaradorlikni oshirish masalasi aerodinamik komponentlar, rotor dizayni va
ishlash sharoitlaridagi omillar bilan chambarchas bog‘liqdir. Betz chegarasi nazariy
jihatdan shamol turbinasiga kirgan shamol energiyasining maksimal 59,3% gacha gismini
elektrga aylantirilishi mumkinligini ko‘rsatadi. Real turbinalarda esa bu ko‘rsatkich odatda

35-45% atrofida bo‘ladi.

Materiallar va usullar

Ushbu maqola uchun foydalanilgan asosiy manbalar: ilmiy jurnallar, tadgiqot
magqolalari, aerodinamik nazariyalar va zamonaviy turbin model bo‘yicha mavjud ilmiy
ma’lumotlar bilan ta’minlangan. Turbinaning samaradorligini o‘lchash uchun rotor
pichoqlari, o‘q turi (vertikal yoki gorizontal), hamda aerodinamik optimizatsiya kabi
parametrlar tahlil qilindi. Vertikal o°qli turbinlar konstruktsiyasi va aerodinamik

xususiyatlari ham alohida tahlil gilindi.

Natijalar
Turbin tiplarining samaradorligi

Gorizontal o‘qli shamol turbinalari (HAWT) — klassik dizaynga ega bo‘lib,
aerodinamik samaradorligi yuqori hisoblanadi, va Energiya Konversiya

Ko‘effitsienti (Cp) odatda yuqori bo‘ladi.

Vertikal o‘qli shamol turbinalari (VAWT) — kichik balandliklarda va
turbulent shamol sharoitlarida samarali bo‘lib, aerodinamik formulalar va optimal

dizayn orqali samaradorlik oshirilmoqda.

Zamonaviy optimizatsiya yondashuvlari
So‘nggi yillarda vertikal o‘qli turbinlar aerodinamik pichoqlarni optimizatsiya qilish
orgali samaradorlikni oshiruvchi texnologiyalar bilan to‘ldirilmogda. Bu turbinlar shamol

tezligi past bo‘lgan sharoitlarda ham nisbatan yuqori energiya ishlab chigarishi mumkin.
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Munozara

Natijalar shuni ko‘rsatadiki, turbinning aerodinamik dizayni va pichoglar
konfiguratsiyasi shamol energiyasini samarali olishda muhim ahamiyatga ega.
Samaradorlikni oshirish magsadida turli innovatsion yondashuvlar, jumladan aerodinamik
pichoq shakllari va mashina o‘rganish algoritmlari yordamida optimizatsiya qilingan
turbinlar ham mavjud. Bu yondashuvlar shamol energiyasidan foydalanish samaradorligini

sezilarli darajada oshirishga yordam beradi.

Xulosa

Shamol turbinalarining samaradorligi ularning aerodinamik dizayni va rotor
tuzilmasiga bog‘liq bo‘lib, bu sohada ilmiy tadqiqotlar davom etmoqgda. Zamonaviy
modellarda qo‘llanilayotgan optimizatsiya yondashuvlari va yangi aerodinamik pichoqlar
yordamida eficiencia sezilarli darajada yaxshilanmogda. Bu esa gayta tiklanadigan

energiya manbalaridan samarali foydalanish imkoniyatlarini kengaytiradi.
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