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ANNOTATSIYA

Ushbu ilmiy ishda shamol generatorlari konstruksiyasining eng muhim
elementlari hisoblangan temirbeton ustun va poydevorlarning turli geometrik shakllari
Lira-SAPR va ANSYS dasturlarida chuqur tahlil qilindi hamda natijalar o‘zaro
tagqoslandi. Tadgiqotning asosiy magsadi — shamol energetikasi inshootlarida
qo‘llaniladigan ustun va poydevorning optimal shaklini aniqlash, yuklanishlar ostida
ularning deformatsiya va kuchlanish holatini baholash, shuningdek, beton sinfi
oshirilganda konstruksiyaning bargarorlik darajasi qanday o‘zgarishini ilmiy asosda
ko‘rsatib berishdir.

Tadqiqgot jarayonida ustun va poydevorlarning bir nechta geometrik variantlari
— dumaloq, to‘rtburchak, beshburchak va olti burchakli shakllar — bir xil yuk
qiymatlari, bir xil o‘lchamlar va identik beton sinflari asosida modellashtirildi. Har bir
variant uchun yuklanishlar shamol turbinasining real sharoitlari, ya’ni generatsiya
tizimining massasi, shamol bosimi, burilish momentlari va boshqga eksplikativ omillar
asosida berildi. Ularning geometriyasi va yuklanish sharoitlari butunlay bir xil
bo‘lganligi tufayli, shakllar o‘rtasidagi farq faqat konstruktiv samaradorlik nuqtai
nazaridan aniqlanishi mumkin bo‘ldi.

Hisoblashlar ikki xil dasturiy muhitda — Lira-SAPR (konstruktiv va qurilish
statikasi tahlili uchun keng qo‘llaniladigan paket) hamda ANSYS (murakkab element
tahlili va yuqori aniqlikdagi modellashtirish platformasi)da bajarildi. Natijalarni
ikki dastur orasida solishtirish konstruksiya shaklining ta’siri bilan bir qatorda dasturiy
muhitlar bergan hisoblash aniqligi, element modeli fargi va tarmoq (mesh) zichligi
ta’sirini ham baholash imkonini berdi.

Olingan natijalarga ko‘ra, har bir geometrik shaklning o‘ziga xos afzallik va
kamchiliklari kuzatildi. Dumalog shakl kuchlanishlarning teng tagsimlanishi bilan
ajralib turgan bo‘lsa, ko‘p burchakli (5 va 6 burchak) ustun va poydevorlar qat’iylik va
deformatsiya ko‘rsatkichlari bo‘yicha yuqori natijalarni ko‘rsatdi. To‘rtburchak shakl
esa qurilish texnologiyasi nugtai nazaridan qulay bo‘lsa-da, deformatsiya giymatlari
boshqga shakllarga garaganda nisbatan yugorirog gayd etildi. Yakuniy xulosalar asosida
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umumiy bargarorlik, deformatsiya minimal darajasi va kuchlanishlarning optimal
tagsimlanishi bo‘yicha eng maqgbul shakl aniglab olindi.

Loyihalangan va optimal deb topilgan shakl uchun keyingi bosgichda beton
sinflari bosgichma-bosgich oshirilib konstruksiyaning deformatsiyaga chidamlilik
darajasi tahlil gilindi. Beton mustahkamligi oshgan sari deformatsiya miqdorining
izchil kamayishi gayd etildi. Bu esa shamol generatorlari kabi uzog muddatli, dinamik
yuklanishga duch keladigan inshootlar uchun yuqori mustahkamlikdagi beton
qo‘llashning amaliy afzalligini jonli ravishda tasdigladi.

Mazkur tadgiqot shamol energetikasi inshootlarining konstruktiv ishonchliligi,
poydevor-ustun juftliklarining optimal shaklini tanlash, beton sinfini to‘g‘ri belgilash
va zamonaviy hisoblash dasturlaridan kompleks foydalanish bo‘yicha muhim ilmiy-
amaliy natijalarni tagdim etadi. Ushbu ish natijalari real loyihalash jarayonida, aynigsa
yirik quvvatli shamol generatorlarining barqarorligini ta’minlashda samarali amaliy
go‘llanma bo‘la oladi.

AHHOTAIUA

B naHHOlt HayuHOM paboTe TIPOBEIEHO BCECTOPOHHEE HCCIEAOBaHHE
KEJIe300€TOHHBIX KOJOHH U (YHJAMEHTOB BETPOIHEPTETUUYECKUX YCTAHOBOK
Pa3UYHON TeOMETPUUYECKON (POPMBI C UCOIB30BAHUEM MPOTPAMMHBIX KOMILIEKCOB
Lira-SAPR u ANSYS. OcHoBHas 1ieIb MCCIIEA0OBAHUS 3aKJIFOUASTCS B ONPEACICHUH
ONTUMAJILHOM (POPMBI KOHCTPYKTHBHBIX DJJIEMEHTOB, OIIEHKE WX HaNpsHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUS MOJT JACHCTBUEM SKCIUTyaTallMOHHBIX HArpy3ok, a
TaKk€ B aHaJIW3€ BJIUSHMUS TIOBBIICHUS Kjiacca O€eToHa Ha JKECTKOCTb U
nehopMaIMOHHbIE XapaKTEPUCTUKN KOHCTPYKIIHH.

B pamkax paboTsl Ob1TH pa3pab0TaHbl U CMOJIETUPOBAHBI HECKOJIBKO BAPUAHTOB
T€OMETPUU KOJIOHH U (YyHIAMEHTOB: Kpyrjas, MPsSMOYrojibHas, MATUYTOJbHAs U
mecTuyroyibHas Gopmel. st Bcex BapHaHTOB COOJIOAAINUCH OJMHAKOBBIE YCIOBUS
3arpy>KeHus, OJIMHAKOBAas BHICOTA U TabapuUTHBIC MapaMeTPhl, a TAKXKE €AUHBIN KJ1acc
0etoHa. Harpy3ku 3a7aBajguch Ha OCHOBE peajbHbIX BO3JCHCTBUM, XapaKTEPHBIX JJIS
BETPOIHEPIeTUYECKUX YCTAHOBOK, BKJIOUAsi MacCy TE€HEPaTOPHON CHUCTEMBI,
BO3JICCTBHE  BETPOBOM  HArpy3KW, U3rubaromme MOMEHTBI U JIpyTue
AKCIUTyaTallMOHHbBIE (haKTOPHI. biarogapst 0AMHAKOBBIM PACYETHBIM yCIIOBUSIM CTaJIo
BO3MOYKHBIM YHCTO KOHCTPYKTHBHO OIEHUTH d3(HPEKTUBHOCTD KAXKION (OPMBI.

PacuéTel ObLIM BBIMTOJHEHBI B IBYX MH)KEHEPHBIX cpenax: Lira-SAPR, mupoko
npuMmeHsieMo B crpouTenbHOM  cratuke, u  ANSYS, oOecneuunBaromieit
JETANU3UPOBAHHBIA KOHEYHO-3JIEMEHTHBIN aHanu3. ComocTaBiieHHE pe3yIbTaToB
JIBYX MPOTrPaMM IMO3BOJIUJIO OIEHWUTh KaK BIUSHHE MeOMETpUYECKOU (HOPMBI, TaK U
pa3IMuus MOJICIICH, TOYHOCTH pacdéTa, 0COOCHHOCTEH KOHEYHO-IJIIEMEHTHON CETKH 1
apaMeTpOB MOJICTUPOBAHUSI.
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AHanu3 pe3yabTaTOB MOKAa3all, YTO KaxKJas reomeTpudeckas ¢opma obnamaer
COOCTBEHHOW CHCTEMOM TmpeumyiiecTB u orpanudeHuidd. Kpyrmas dopma
JIEMOHCTpUpOBaja Haubojee paBHOMEPHOE pacipe/iesieHne HapsHKEeHUH, B TO BpeMsI
KaK MHOT'OYI'OJIbHBIC (bOpMLI — ITH- W MMCCTHUYTOJIBHUKU — OTJIMYaJINCh
MOBBIIICHHON XECTKOCThIO U MeHbIIMMH Aedopmarmsimu. [IpsmoyronsHas (opma
SBJISICTCSI TEXHOJIOTHYECKH YAOOHOHM, OJHAKO MO AehOPMAIMOHHBIM TMOKa3aTeIIsIM
ycTynuia JpyruMm BapuaHTaM. Ha OCHOBaHMM KOMILUIEKCHOTO CpaBHEHHS Oblia
ompeneneHa HambOojee onTuManbHas Gopma, obecrnednBaromas MHUHUMATbHBIC
nedopMalum, parmoHaJIbHOE paclpeiesICHHE HAMPSHKEHUH U BBICOKYIO YCTOMYHUBOCTD
KOHCTPYKIIHH.

Jlns BBIOpaHHOM onTHUMaIbHON (DOPMBI B TOCIEAYIOIIEM dTaIle UCCIICIOBAHUS
OBLJIO BBIMIOJIHEHO TOIIAroBOE YBEIWYEHHE Kiacca OeroHa. Pe3ynbrarsl pacuéroB
MOKa3aJIl yCTOWYUBYIO TEHACHIMIO YMEHbIICHHS JedopMauuii IpH MOBBIIICHUH
IMPOYHOCTH 6CTOHa, 4YTO IMOATBEPKIAACT BAKHOCTL IMPHUMCHCHHSA BBICOKOIIPOYHBIX
MaTcpraIoB JJIsL BCTPOBBIX YCTAaHOBOK, pa6OTaIOI_HI/IX 1oa JJINTCIIBHBIM
ANHAMHUYCCKUM BOSHeﬁCTBHGM.

[Tonmyyennsie B paboTe pe3yabTaThl HMEIOT CYIIECTBEHHYI) HAy4HO-
IMPAKTHYCCKYIO 3HAYUMOCTD. OHu MOI'yT OBITH HCIIOJIL30BaHEI IIpHU IIPOCKTUPOBAHHUHA
OMOPHBIX KOHCTPYKILMI BETPOIHEPTETUUYECKUX YCTAHOBOK, BHIOOpE paluOHAIbHOU
(hopMBbI KOJIOHH U (DYHITaMEHTOB, MOJ00PE ONTUMATILHOTO Kilacca OETOHA, a TAKKE MPU
KOMIIZICKCHOM IIPUMCHCHHNHN HWHXXCHCPHBIX PAaCUCTHBIX IIPOTpaMM. HCCJ’I@I{OBaHHC
CHOCO6CTBy€T INOBBIINICHUK HAACKHOCTHU U JOJI'OBCYHOCTHU KOHCprKHI/IfI B
BCTPOSHCPICTUKEC u MOXET CIIYKUTb MMPAaKTHYCCKUM PYKOBOJACTBOM JJIL
IIPOCKTUPOBIIMKOB N HHKCHCPOB-KOHCTPYKTOPOB.

ANNOTATION

This research presents a comprehensive analysis of reinforced concrete towers
and foundations used in wind turbine structures, focusing on the influence of different
geometric forms. The study employs two advanced engineering software packages—
Lira-SAPR and ANSYS—to carry out comparative structural evaluations. The main
objective is to determine the optimal geometric configuration of the tower—foundation
system, assess its stress—strain behavior under operational loads, and examine how the
gradual increase in concrete strength affects structural stiffness and deformation
performance.

Several geometric models of wind turbine towers and foundations were
developed and analyzed, including circular, rectangular, pentagonal, and hexagonal
shapes. All models were designed with identical dimensions, subjected to the same
load conditions, and assigned the same concrete strength class. The applied loads were
based on realistic operational scenarios typical for wind energy systems, such as the
mass of the generator assembly, wind pressure, bending moments, and other external

@ https://journalss.org [ 215 ] 58-son_4-to’plam_Dekabr -2025


https://journalss.org/

e L o ISSN:3030-3621
Ta'lim innovatsiyasi va integratsiyasi

influences. This ensured that differences in performance were attributable only to
geometry, thus allowing a clean comparative evaluation.

Structural simulations were conducted in both Lira-SAPR—widely used for
building statics—and ANSY'S, known for its highly detailed finite element modeling
capabilities. Comparing results across these two platforms allowed the study not only
to evaluate geometric efficiency but also to account for differences in computational
precision, element formulation, and mesh characteristics provided by each software
environment.

The analysis revealed that each geometric shape offers its own benefits and
limitations. The circular form demonstrated the most uniform stress distribution, while
the multi-sided geometries—specifically the pentagonal and hexagonal shapes—
exhibited superior stiffness and lower deformation levels. The rectangular form,
although practical from a construction standpoint, showed comparatively higher
deformation values. Based on a comprehensive comparison, the shape that provided
the best combination of minimal deformation, optimal stress distribution, and overall
structural efficiency was identified as the optimal configuration.

In the subsequent phase of the study, the optimal shape was analyzed under
progressively increasing concrete strength classes. The results showed a consistent
reduction in deformation as the concrete strength increased, clearly demonstrating the
benefits of using high-strength materials for wind turbine structures, which are
subjected to continuous and dynamic loading throughout their service life.

The findings of this study have significant scientific and practical value. They
can be used in the design of wind turbine support structures, in selecting the most
efficient geometric form, in determining the appropriate concrete class, and in applying
modern computational tools for structural optimization. The research contributes to
enhancing the reliability, durability, and overall performance of wind energy
infrastructure and provides a practical reference for structural engineers and designers
working in this field.

Kirish

So‘nggi yillarda global miqyosda aholining ko‘payishi, sanoat korxonalarining
kengayishi va texnologik jarayonlarning jadal rivojlanishi energiyaga bo‘lgan
talabning keskin oshishiga olib kelmoqda. Energiya iste’moli ortib borayotgan bir
paytda, mavjud an’anaviy energiya manbalari — ko‘mir, neft va tabily gaz zaxiralari
chegaralangan bo‘lib, ularning ekologik zarar keltirishi ham zamonaviy energiya
siyosati uchun muhim muammolardan biridir. Shu sababli gayta tiklanuvchi energiya
manbalari, xususan, shamol energetikasi ekologik toza, igtisodiy samarali va bargaror
energiya ishlab chiqarishning asosiy yo‘nalishlaridan biriga aylanmoqda.
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O‘zbekiston Respublikasida ham mazkur yo‘nalishda keng ko‘lamli islohotlar
olib borilmogda. Davlat tomonidan gabul gilingan rasmiy hujjatlar — 2017-yilgi
Prezident Farmoni, 2019-yildagi texnik reglamentlar, 2020-yilgi Vazirlar
Mahkamasining garori, 2022-yilgi “Green Energy” dasturi va 2023-yilgi shamol
energetikasi rivojlantirish strategiyasi — gayta tiklanuvchi energiya tarmoglarini keng
qo‘llashga qaratilganini ko‘rsatadi. Mamlakatda ACWA Power (500 MW), Zarafshon
(521,7 MW), Nukus Wind Power Project (104 MW) kabi yirik shamol elektr
stansiyalarining qurilishi bu sohaning strategik ahamiyatga ega ekanini tasdiglaydi.

Mazkur tadgigotning asosiy magsadi — shamol generatorining temirbeton
ustuni va poydevor konstruksiyasini turli geometrik shakllarda (dumaloq, to‘rtburchak,
beshburchak, oltiburchak) modellashtirib, Lira va ANSY'S dasturlarida mustahkamlik
tahlilini o‘tkazish va natijalarni tagqoslashdan iborat.

Annotatsiya

Ushbu magolada shamol generatorining temirbeton ustuni va poydevorining
turli geometrik shakllarda (dumaloq, to‘rtburchak, beshburchak va oltiburchak) tahlili
va taqgoslanishi Lira-SAPR va ANSYS dasturlari yordamida amalga oshirildi. Hisob-
Kitoblarda yer deformatsiyasiga uchramaydigan qat’iy taglik sharti gabul qilindi.
Tadqiqotda generator va rotor og‘irliklari, shamol yuki, beton sinfi kabi parametrlar
inobatga olindi. Natijalar shuni ko‘rsatdiki, dumaloq shakl konstruktiv jihatdan eng
optimal bo‘lib, stresslar minimal va deformatsiya eng past darajada chiqdi.
Shuningdek, ANSYS va Lira natijalari o‘zaro mosligi tasdiqlandi. Beton sinfi B40 dan
B15 gacha pasaytirilganda ham dumaloq shakl bargarorligini sagladi. Maqola natijalari
O‘zbekiston sharoitida shamol energetikasi loyihalarini rejalashtirish va konstruktorlik
yechimlarini tanlashda amaliy ahamiyatga ega.

Kalit so‘zlar: shamol generatori, temirbeton ustun, poydevor, Lira-SAPR,
ANSYS, statik tahlil, shamol yuki, beton sinfi, bargarorlik, konstruktiv optimallik.

Adabiyotlar sharhi
Shamol energetikasi bo‘yicha xalgaro miqyosda keng ilmiy izlanishlar mavjud.
Chet el olimlari — Mark Z. Jacobson, Paul D. Lund, Ernst Worrell, James E. Blyth,
Adrian T.M.Y. McCall, Richard G.L. Houghton, David J. Considine, Anwar R. Al-
Mamun, Klaus S. Lackner kabi tadgiqotchilar shamol energiyasidan foydalanish
samaradorligi, shamol turbinalarining optimallashtirilishi, ularning aerodinamik va
konstruktorlik xususiyatlari yuzasidan ko‘plab ishlar gilgan.

O‘zbekistonlik olimlar — Sh.T. Bozorov, B.S. Umarov, D.M. Xo‘jaev, Z.S.
Rahmatov va T.A. Bazarov tomonidan mamlakat shamol energetikasi salohiyati,
iqtisodiy tahlil, konstruktiv yechimlar va texnik standartlar bo‘yicha ilmiy tadqiqotlar
olib borilgan.
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Ushbu ishda bevosita foydalanilgan asosiy manbalardan biri — AA.
Panfilovning  “MeToauka  PHEPreTHYECKUX UM  IPOYHOCTHBIX  PacCUyETOB
BETpOAJICKTpUUYeckoi yctaHoBku” nomli ilmiy ishi bo‘lib, unda shamol
qurilmalarining yuklanishi va konstruktiv elementlarining kuchlanish holati bo‘yicha
mukammal metodikalar keltirilgan.

Shamol generatori modeli va geometrik parametrlari

Ushbu tadgiqotda xalgaro amaliyotda keng targalgan Gamesa G58 (850 kW)
modeliga yaqgin parametrlardan foydalanildi. Unga asosan tanlab olingan yaqin
giymatlar asosida hisob kitoblar bajarildi va asosiy o‘lchamlari quyidagicha:

. Qanot uzunligi: 30 m

. Minora balandligi: 80 m

. Poydevor diametri: 20 m

. Poydevor balandligi: 4 m

. Ustun galinligi: 0,5 m

. Ustun yuqori diametri: 2 m

. Ustun pastki diametri: 4 m

Tadgigot uchun ustun va poydevor 4 xil shaklda modellashtirildi. Ushbu

modellar o’ Ichamlari umumiy beton hajmi o zgartirilmagan holda tanlandi. Dumalog
shakl uchun olingan o lchamlar asosida yuza va hajm hisoblanib, shu umumiy haj va
yuza giymatlari har bir shaklga o’lcham tanlash uchun asos bo’ldi. Biz tanlagan
shakllarni quyidagi ketma ketlikda ko rishingiz mumkin:

1. Dumaloqg shakl

2. To‘rtburchak shakl

3. Beshburchak shak

4 Oltiburchak shakl

Poydevor o' lchamlari:

Poydevor yuzasi barcha variantlarda bir xil:

S=314m?

. Doira radiusi — 10 m
To‘rtburchak tomoni — 17,72 m
Beshburchak tomoni — 13,51 m
Oltiburchak tomoni — 10,99 m

Ustun o’ Ichamlari:

Ustun hajmi ham bir xil bo‘lishi uchun:
Ustunning pastki gqismi yuzalarining giymatlari:
. Dumaloq: 5,5 m?
. To‘rtburchak: 3,25 x 2,25 m
. Beshburchak: 2,56 x 1,83 m
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Oltiburchak: 2,12 x 1,54 m

Yugori gismi yuzalarining giymatlari:

Dumaloqg: 2,36 m?
To‘rtburchak: 1,68 x 0,68 m
Beshburchak: 1,31 x 0,58 m
Oltiburchak: 1,074 x 0,497 m
H = 80 m bo‘lgani uchun umumiy hajm tenglashtirilgan. Yuzalar va

balandllik bir xil bo"lganligi sababli umumiy hajm ham o zgarmagan.

Yuklar hisobi

Vertikal tushuvchi yuklar:

Qanotlar — 2400 kg
Rotor va ulanish tizimi — 11500 kg
Gandola (generator, uzatma, sovutish, boshgaruv tizimi) — 47000 kg

Jami og‘irlik: 60,9 t

Bu og‘irlik ustun tepasiga tagsimlangan yuk sifatida berildi.

Shamol yuki hisoblanishi:

Bekobod tumani uchun SHNQ 2.01.01-22 bo‘yicha shamol tezligi: v = 9,6 m/s

' W YT
Fl V2723 V7EVA WZrEA
77 WETER FEYRT) FR27)

1-rasm. Shamol guli.

Shamoldan keladigan tasirlarni yuk ko rinishida hisoblash:

R=30m
p = 1,225 kg/m3
Ct=1

A =nR*=2827,43 m?
g=0,5-p-v2=156,45 Pa
T=qA =159 495,6 N= 16 tonna

Ushbu yuk minora tepasiga tasir giluvchi kuch sifatida berildi.
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Modellashtirish va hisob shartlari
Tahlil Lira-SAPR va ANSYS Mechanical dasturlarida olib borildi. Yer
deformatsiyaga uchramaydigan mutloq gattiq taglik sifatida gabul gilindi.

i

2-rasm. ANSYS dasturida modellarning 3D ko rinishi.

3-rasm. LIRA-Sapr dasturida modellarning 3D ko rinishi.
Hisob shartlari:
. Pastki poydevor gismi — Fixed Support
. Material — beton (avval B40, keyingi bosgichda B15-B40 oraliqda
tagqoslash)
. Mesh — avtomatik generatsiya
. Ustun—poydevor alogalari — qattiq bog‘lanish
. Statik yuklar: og‘irlik + shamol yuki
Natijalar
ANSYS dasturi natijalari:
Natijalarda dumaloq shaklning deformatsiya va ekvivalent kuchlanish
bo‘yicha eng bargaror variant ekani aniqlandi. Geometriyadagi izotrop tarqalish
stresslarni bir maromda tagsimlanishiga olib keldi.
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, Total
Shaklla Shakllar L
Shakllar | \akliag deformation
Dumaloq Duma-loq
To'rtburchak To'rtburchak
Beshburchak 0,39826| [Beshburchak 194,42
Oltiburchak 0,39901| |[Oltiburchak 188,19
4-rasm. ANSY'S dasturidan olingan natijalar.
Generator yuki tasirida Shamol yuki tasirida
e .
0399 I 200
e "
03584
0,3982 100
0,398
03978 I l I 50 I I I I
0,3976
S ‘ ’ Dn [ To rtburchak Beshburchak Oltiburchak

5-rasm. ANSY'S dasturidan olngan natijalarning grafik ko rinishi.
Lira-SAPR natijalari:
Lira-Sapr dasturida olingan natijalar ANSYS bilan o‘zaro yaqinligini
tasdigladi.

Shakllar

To rtburchak
Beshburchak
Oltiburchak
Dumaloqg

6-rasm. Lira-Sapr dasturidan olingan natijalar.
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Deformatsiyalarni tagqosalsh diagrammasi

el |
e
malaa

e

0 50 100 150 200 250
Y X
7-rasm. Lira-Sapr dasturidan olingan natijalarning grafik ko rinishi.
Beton markasi bo‘yicha solishtirish (B40 — B15):
Beton sinfi pasaytirilganda:
. deformatsiya oshdi,
. ekvivalent kuchlanish ortdi,
. xavfsizlik zaxirasi kamaydi.
Ammo dumaloq shaklda hatto B20 markasida ham konstruktsiya yetarlicha
bardoshli bo‘lib qoldi.

820 36 189

B15 ' 36| 222

8-rasm. Lira-Sapr dasturida dumalog shakl uchun beton sinflarini 0" zgartirib
hisoblash natijasida olingan giymatlar jadvali.

Deformatsiya o'sish grafigi

250

200

150

100

50

, A HN HR HN HR B
BAD B35 B30 B2S B20 BI5

B Armatura daametri (mm) ® Deformatsiya migdaori (mm)
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9-rasm. Lira-Sapr dasturida dumaloq shakl uchun beton sinflarini o zgartirib
hisoblash natijasida olingan giymatlar jadvalining grafik ko rinishi.

Total deformation (mm)
Shakllar AMNSYS | Lira-Sapr
Dumalog 166,68 156

To'rtburchak 206,09 208
Beshburchak 194,42 220
Oltiburchak 188,19 184

10-rasm. ANSY'S valL.ira-Sapr dasturlaridan olingan giymatlarni
taggoslash jadvali.

Xulosa

Ushbu tadqiqot natijalariga ko‘ra shamol generatorining temirbeton ustuni va
poydevori turli geometrik shakllarda tahlil gilindi va Lira hamda ANSYS dasturlari
orasida o‘zaro mos keluvchi natijalar olindi.

Asosiy xulosalar:

1. Dumaloq shakl konstruktiv jihatdan eng optimal variant bo‘lib,
kuchlanishlar minimal, deformatsiya eng kam chiqdi.

2. To‘rtburchak, beshburchak va oltiburchak shakllarda stresslar notekis
tagsimlandi va barqarorlik pastroq bo‘ldi.

3. ANSYS va Lira-SAPR natijalari orasidagi farq minimal bo‘lib,
metodikaning to‘g‘riligi tasdiglandi.

4. Beton sinfini B40 dan B15 gacha kamaytirish deformatsiya va
kuchlanishning ortishiga olib keladi.

5. Dumaloq shakl hatto past beton markalarida ham nisbatan barqaror bo‘lib
qoldi, bu uning konstruktiv ustunligini ko‘rsatadi.

Mazkur tadgiqot shamol generatorlari uchun optimal ustun va poydevor
shaklini tanlashda, shuningdek, O<‘zbekiston sharoitida shamol energetikasini
rivojlantirishda muhim amaliy ahamiyatga ega.
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