BUXORO
DAVLAT
TEXNIKA
UNIVERSITETI




Taxpupuam xativamu paucu:
CUIJUKOBA C.F. -
Byxopo MyXaHAMCIHK-TEXHOJOTHA HHCTUTYTH PEKTOPH
Myoeunu:
HHU3AMOB A.B. -
ByxMTH nnamuii nuiap Ba HHHOBanMsJIap 0yiinya npopekropu

Taxpup xaiivamu:

MYKHUMOB K.M. — V3P ®A axagemuru (Y3MY)
KAJMJIIOB A.T. — V3P ®A axagemuru (TomkenT kumé-texuonorust UTH)
HEIMATOB C.H. — V3P ®A akanemuru (“Dan Ba Tapakkuer” JYK)
BAXOJIUPOB F.A. — 1.¢.11., ipodeccop, Y3P DA o unmuii KOTHOH
XAMUJOB 0.X. — ukrucon dannapu nokropu, npodeccop (byx1Y)
KAJINJIOB T.K. — ukrucon ¢pannapu goxropu (DSc) (TKTH)
MYXTAPOB HLIII. — texnuka dannapu nokropu (DSc) (“V36exknedrras” AXK)
TYXCAHOB X.A. — uxrucox pannapu gokropu (DSc) (“Y36exneprras” AXK)
MAJIMEB P.X. — texanka ¢annapu gokropu (DSc) (“ILlypran T'KM” MUXK)
AJIM30B B.3. — Texunka pannapu goktopu (DSc), k.i.x., Y3POA YHKU
XYPMAMATOB A.M. — Texuuka dannapyu 10ktops, npodeccop, Y3P@A VHKU
COBHUPOBA H.K. — dunonorus haniapy HOM30/14, T0LEHT, Y3MY
FA®YPOB J.0. — Byxopo MTU &uunap macananapu Ba MabHaBUii- Mabpuuii

uiiap oyinua OupuHun npopexropu ¢.¢.¢.a (PhD)
KYPBOHOB XK.M. — rexanka anapu 1okTopH, npodeccop (Camapkang ICH)
CAUJOB C.B. - Byxopo MTU Momnus Ba UKTUCO HIILIAPH OYHHYa TPOPEKTOPH
HIAPUITIOB M.3. — ¢pusnka-mareMaTrka ¢annapu gokropu (DSc), mpodeccop
ACTAHOB C.X. — ¢pusnka-mareMaTrka (haHIapu JOKTOPH, podeccop
PAXMOHOB X.K. — Texauka (anmapu JOKTOpH, Ipodeccop
BOXHMJAOB M.M. - texHuka (haHmapu JOKTOPH, Ipodeccop
KVYPAEB X.®. — Texuuka (aHiapy J0KTopH, mpodeccop
CAYJIJIAEB H.H. — texnuka dannapu goxkropu (DSc), mpodeccop
MAKHNAOB K.X. — TexHuka ¢aniapu J0KTOpH, mpodeccop
®O3UJIOB C.®. — TexHuka (haniapu J0KTOPH, Ipodeccop
HUCABAEB U.B. — TexHuka ¢anaapu T10KTOpH, mpodeccop
ABAYPAXMOHOB O.P. — texauka Qannapu T0KTopH, mpodeccop
HHMN30MOB A.B. — uxrucon dannapu TOKTopH, mpodeccop
KYMAEB M.P. — ¢usuka-maremaruka ¢pannapu gokropu (DSc), mpodeccop
IOHYCOBAT.C. — dancada parnapu noxropu (DSc), mpodeccop
KYPAEBA M.M. — dunosorus pannapu gokropu (DSc), npodeccop
TYXTAEBA 3.111. — trexunka dannapu gokropu (DSc), npodeccop
MAXMYAOB M.K — texuuka dhannapu gokropu (DSc), npodeccop
XAMMUTOB P.P. — rexunka darmapu goxkropn (DSc), K.1.X.
BO3OPOB T'.P. — texuuka ¢annapu gokropu (DSc), mpodeccop
BOJITAEB 3.U. — ¢pusuka-marematuka dpannapu gokropu (DSc), mpodeccop
OJITHUEB A.T. — Texuuka annapu gokropu, (DSc)
KAJHNJIIOB P.Bb. — texauka pannapu qokropu (DSc), mpodeccop
MAXMYJAOB M.H. — texnuka ¢pannapu nokropu (DSc), mpodeccop
MAKHNAOBA H.K. — Texnuka ¢annapu goxropu (DSc), npodeccop
AXMEJIOB B.H. — kumé ¢dannapu HoM3014, npodeccop
MAXMYJOB P.A. — texnuka ¢pannapu nokropu (DSc), mpodeccop

MMYJATOBA M.U. — ¢pusnka-maremarika paHaapu HOM3014, Ipodeccop

. bow myxappup:
AYCTOB X.b. — kumé pansnapu 1okropu, npodeccop

Myxappupnap:
BAPAKAEBA J1.®., OPTUKOBA C.K., HICTAMOBA I'.X.
Mycaxxux:
APTHUKOBA M.M.

DAH BA TEXHOJIOTUAJIAP

TAPAKKHETH
UMW — TEXHUKABUIA KYPHAN

PA3ZBUTHUE HAYKHU U

TEXHOJIOI'U
HAYYHO — TEXHUMECKWIA KYPHAN

JKypnan Yibexucmon maméyom ea
axoopom azenmauzu byxopo eunoamu
oowkapmacuoa 2014 iiun 22-
cenmaopoa Ne 05-066-connu zysoxnoma
ounan pyiixamea 0JUH2AH

Mpyaccuc:
Byxopo myxanoucnuk-mexnonozus
UHCmumymu

Kypnan Yzbexucmon
Pecnybnukacu Bazupnap
Maxxamacu xy3ypuoazu OAK
Paécamununz 2017 tiun 29-
mapmoazu Ne239/5-connu Kapopu
ounaun ouccepmauuanap acocuii
UIMUEL HAMUNCATIADUHU YON
IMuUUL MABCUA IMUI2AH UIMULL
Hawpaap pyiuxamuza KUpumui2aH.
2019 iiunoa Yzéexucmon
Pecnyonukacu OAK Paécamununz
Kapopnapu 6unau Kaima
pyiixamoan ymKazuizan.

Taxpupuam man3zunu:

200100, Byxopo waxpu, K. Mypma3soes
kyuacu, 15-yii, Byxopo myxanouciux-
MexXHOoN02UA UHCIUmMymu
Ten: 0(365) 223-92-40
@Dakc: 0(365) 223-78-84
dnexmpon manzun:

E-mail: fantt jurnal@umail.uz

Kypuanuunz mynux snexmpon
eapuanmu dunan
https://journal.bmti.uz/

caiimu OpKAlu mMaHuiuut MyYMKuH.

Ywuoy scypnanoa uon smunzan
Mamepuannap maxpupusmHune éma
pyxcamucu3z mysiuK éKu KUCMAaH 4on

IMUAUMU MYMKUH IMAC.
Taxpupuamnunz pukpu myanaugaap
uxpu ounan xap ooum xam moc
mywmacaucu Mymkun. Kypnanoa
épumunzan mamepuaiiapHune
XAKKOHWIIU2U YUYH MAKOIATAPHUHL
Myannugnapu éa pexnama 6epysuunap
macwvynoupaap.



mailto:fantt_jurnal@umail.uz
https://journal.bmti.uz/

MYHIAAPUKXA-COAEP/KAHMHUE-CONTENT

Sharipov N.Z. Gilos danagini chagishga sarf bo‘ladigan kuchni tadqiq qilish............... 4
OoutoB H.M., Opunos 3.b. [loBblieHNEe TUTEIHBIE CBOWCTBA MATHAIIMEB . . . . .. v v v vn ... 8
Teshaboyev O.A. Momiqni tashuvchi va tozalovchi to‘rli yuzasi tebranuvchi vintli konveyer
yuklanishlari va aylanish chastotalarini tajribada aniglash ... ............................ 13
Oripov Sh., Mamakhonov A.A., Orifjonov S. Review of performance and applications of

hybrid wind turbines . . . ... ... . 18
Bexkyaos 7K.11., Hop6oes O.H. YcrpoiicTBo /17151 OBICTPOro U HEMPEPHIBHOTO W3MEPEHUS
BIIQYKHOCTH TIOPOITKOOOPAZHBIX TPOIIYKTOB .« v e v v e v et et e e e e et e et e e e e e et e e e e 25
Hojiyev T.S., Samiyev K.A. Passiv quyosh isitish tizimiga ega turar-joy binosi tashqi

devorlarining issiglik izolyatsiya qatlami turinitanlash . . ......... ... ... ... ... ... ....... 28

A’zamov S.S. Investigation of electromagnetic current transformer performance characteristics
for measuring and controlling the reactive power dissipation of a short-circuited rotor

PaxumoB ®.D., I'xynaunos X.X., Cadaposa P.Y. MoHomeTniionMoueBrHa Ba

TETPAITOKCUCHIIAH ACOCUJATH OJINTOMEPHUHT KBAaHT-KUMEBUHM XUCOOMALLIAPH . . . . oo oo v e ... 35
Xojiyeva F.J., Amonov M.R. Ohorlovchi komponentlar tarkibini ishlab chiqishning fizik-

Kimyoviy @sOSlari . . ... ..o e 39
Abdiraximov L.E. Gazlarni qayta ishlashda gidrat hosil bo‘lishini oldini olish usullari....... 43
Maxmudov M.J., To‘xtayev N.N. Metil uchlamchi butil efiri ishlab chiqarishning zamonaviy
texnologiyalarini tahlili. . ... ... ... . .. . . . . 47
Jo‘rayeva L.R. N-metilpirrolidonning xom-ahyoga nisbatan har xil nisbatda olinuvchi selektiv
tozalangan rafinatlar tarkibidagi polisiklik aromatik uglevodorodlar tarkibini aniglash ... ... .. 54
Xo‘jaqulov A.F., Toshov M.S. Dizel moylarining kolloid-kimyoviy xossalariga turli funksional
go‘ndirmalar ta’sirini tatqig etish . . .. ... ... ... . 57
Xo‘jaqulov A.F., Raximov Z.Z. Kolloid sistemalarning molekulyar kinetik xossalari asosida
transformator moylarini tahlili .. ... ... ... . . . . . . 64
Tashpulatov X.Sh., Hamdamova D.R. Bo‘yoq sezgir quyosh elementlari uchun geteroleptik
mis(I) kompleks birikmalarining sintezi vatadqiqoti. . . .. ... 69
Eshqurbonov F.B., Abduraimov J.B. Diglitsidilkarbamid va dimetilolkarbamid asosida
burg‘ulash eritmalari olish usullarini tadqigqilish . . ................................... 74
Zokirov X.T., Abdullaev O.G., Toshmatov Y.R. Prospects for using waste generated at
“Ferganaazot” JSC as a filler in the production of gypsum dry construction mixtures . ........ 78
Axmedova O.B., Axmedova Sh.U. Absorbent kompozitsiyalarining absorbsiya va desorbsiya
jarayonlaridan keyingi fizik-Kimyoviy Xossalari . . .. ...ttt 83

ASYNCRIONOUS MOLOT . . . . .ottt e e e et et 89
Xushiyev S.M., Mamadiyev X.N., Davirov A.Q. Nosimmetrik rejimlarni kuch transformatori-

ning samaradorligiga ta’silrl . . . . ..ottt e 94
Muratova Z.A., Juraev Z. Tibbiy magsadlarda noto‘qima mato ishlab chiqarishda intelektual
texnalogiyalarining dolzarbligi vamuammolari. . .. ......... ... .. . 0. 100
Kamunos P.b., KamasioB V.Y., KapaeB A.T. AHanu3 AelCTBYIOIIMX U UCCIETOBAHUE
COBPEMEHHBIX MHHOBAIIMOHHBIX CHCTEM TEIUIOCHA0KEHUS SKUJIBIX MACCHBOB T'OPOJIOB . . . . . . .. 106
Maxmudov M.IL., Sayfiyev H.O., Nurov S.S. Fotoelektrik batareyalarning energetik

parametirlarini monitoring va diagnostika tizimi uchun qurilma ishlab chiqish .. ............. 116




Xamzayev A.A., Xaydarov Sh.B., Usmonov M.Z., Niyetbaev A.D. Karyer bir cho‘michli

ekskavatorlarning ish rejimlarini optimallashtirish . . . ... .. .. .. .. . L i 122
Narzullayev B.Sh., Boboqulov J.S. Qo‘zg‘atish tokini monitoringgi asosida sinxron

generatorlarni energiya samaradorligini oshirish usullarining tahlili. . ...................... 127
bab6ana3zapoBa H.K., XycenoB /I.P. Ananu3 pacxozga 3JIeKTpOIHEPTUH HA TPOU3BOICTBEHHbIEC

HYKJIBI, HAa IPUMEPE Ta30TPAHCIIOPTHOM CHCTEMBI . . . . o oo vttt et ei e et 135

Myxamenuea /I.T., PaynmoBa M.X. KBaHTOBbIC BBIUKCIICHHS HA OCHOBE CIEIUATIBHOIO SI3bIK
IporpaMMUPOBAHUS «QISKID). . . .. 140
Myparosa 3., Kypae 3. [{ludpoBuzaius cucreM ynpaBJIeHHs PU MPOU3BOICTBE HETKAHBIX
MaTEpHUaIOB MEIUITMHCKOTO Ha3HAYCHHUS MyTeM NepepabOoTKU MIETKOBBIX OTXOJOB . . .. .. ... ... 144
MamenoB P.A. Pa3zpaboTka MareMaTnuecKoi MOJEIH THIAPOKUHETHICCKON TYpOUHBI,
aIaITUPOBAHHON 17151 9P PEKTUBHOM pabOTHI B CBOOOTHOIIOTOYHBIX BOJOTOKAX . . . . .. ... . ... 150
Shadmanov 1.U., Adizova Z.M., Nosirova Z.E. G‘ovak jismlarni saqlashda issiqlik va namlik
ko‘chish jarayonlarini bashoratlash uchun matematik model va sonli algoritmlar . ............ 162
Ibragimov R.R., Jumayev J., Narziyev M.S., Qo‘ldosheva F.S. To‘liq faktorli eksperiment

usulida meva va sabzavotlarni sterilizatsiyalash jarayonini modellashtirish................. 168
Qo‘ziyev Z.E. Reaktiv gidroturbinali mikro gidroelektr stansiyani matematik modellashtirish . . | 175
Abdurazakov N. Robust residential load forecasting with manual feature engineering . . ... ... 181
O‘lmasov Q.N. Quyosh fotopanellarini <tMATLAB/SIMULINK» tizimida modellashtirish . ... | 188
XantoB B.Y., Maxmynos ML.II. [Ipumenenne MmopomMeTpruecKkux JaHHBIX penbeda B OLEHKE
0JIarOyCTPOMCTBA TOPOJICKUX TEPPHUTOPHI . . . o o v v et e e e e e e e et e e e an 196
Safarov A.B., Sayfiddinov K.E., Qahhorov M.M. Shamol turbinasini "ANSYS FLUENT"

tizimida modellashtirish . . ... ... ... 202

Ergasheva X.B., Elmurodova A.S., Shadiyeva M.SH. O‘zbekistonda yetishtirilgan sholi

navlarining texnologik tavsifi va uni qayta ishlash mahsulotlarining kimyoviy tarkibi......... 215
IMoaues b.M., Xakumos HI.III. Maxamumii maxcap ypyFiIapuaaH OJIMHIaH MOWIIAPHU
papUHALMAIANT TEXHOJOTHK IHAPOUTIAPH « . ¢ v et ettt et et et et e e e e e eeaene. 220
Caaynnaes C.X., Mup3saes K.J., Papmanos C.C. Tputukaie Ba Oyraoi yHIapH Typiau
HUCOATJIAPUHUHT XaMUP PEOJIOTHUK XOCcaJlapyura TAbCUPHHM TaJAKUK KM . . . . ..o v en o ... 225
Myxammaaues B.T., Typcynosa H.H. CtpykTypa oTzena kauectBa 1 6€301MacHOCTH

TTATIEBBIX TIPOITYKTOB .+« v v et v et e e e e e e e e e e e e e e e e et e e et e et e et et e e e 230
AmypoBa M.3., Cyaaiimanosa I'.X., 'anueBa H.X. lI3MeHeHnE Ka4ECTBEHHOI'O U KOJIMYECT-
BEHHOT'0 COCTaBa A()UPHBIX MACeJ MPSHOM 3€JI€HN MPH TETJIOBOM KYJIMHAPHON 00paboTKe . . . . . 234
Barakayev N.R., Kamolova M.X., Sayidaxmedov R.R., Rajabov A.N. Bug‘doy donlari va

don mahsulotlarini gayta ishlash jarayonlarini zamonaviy tahlili........... ... ... ........ 239
Oltiyev A.T., Bozorova D.N., Hasanova A.Sh. Biokatalizatorlarning yangi avlodi yordamida
yog‘larni pereeterifikatsiya qilish texnologiyasini takomillashtirish . . ..................... 243
Turg‘unpo‘latova Sh.M., Saribayeva D.A. Pastila mahsulotlari assortimentini

kengaytirishning ilmiy asoslari . . .. .. ...ttt 248
Ravshanov S.S, Nurmatov I.R, Tursunxodjaev N.T, Maksumxodjaeva K, Raxmonov Q.S.
Bug‘doy donini un tortishga tayyorlashda suv qattigligining un chigish unumiga va texnologik
XOSSAIATTZA 1A SITT . . v oot v ettt et e e e e 252
Turg‘unov Sh.X., Mallabayev O.T., Saribayeva D.A. Chicorium (hindibo) o‘simligi

tarkibidagi vitaminlar tadqiqi . . .. ... ... 258
Myxamenosa M.D. HerpanuiimonHoe CoIpbE B IPOU3BOJICTBE TUAOCTHUECKUX CyXapeil........... 262




MyiymunoB K.M., XampaeBa C.A. Kyinak6on maTrosa xoiiairad TaHia Ba apkok

UTJIAPUHUHT MAPAMETPIIAPUHM TATKHK DTHIIL. . . . o o v v ot e et e et e e e e e e e e e e ee e eeeae s 269
Muhammedova M.O. Inson oyoq panjasining antropometrik tahlili va uning

o‘zgaruvchanligini tavsiflovchi statistik parametrlar. . . ................................. 273
Gafurova N.T., Hasanova ML.E. Bolalar kiyimlariga qo‘yiladigan talablarni shakllantirish . ... | 278
Acanosa C.C., XampoeBa M.P. Vcropus npanupoBKy OJEXK bl U €€ 3HAYCHHUE CETOJHS . . . . . . 284

Haoumxxanoa H.H., Hacuposa M.b. Tunoswuiinan gapkianyBun spKakiiap KoMaTiapura
KUAUM HMIIUTA0 YUKAPUII YUYH TYKHMMAa MaTOJIAPHHUHT (PU3UK-MEXaHUK XYCYCHSATIApPUHU

VPTaHMII BA TAXJIAIT KFUTHIIT . . . o v vt e e e e e e e e e e e e e e e e e e e e e e e et eeee s 289
Ortiqov Z.U., Sarimsakov.0O.Sh. Paxta xomashyosiga ishlov berishning mexatronik namlash
mashinalari vaagregatlari . . ......... ... .. . .. 293
Jo‘rayeva M.A., Nabidjonova N.N. Maktabgacha ta’lim muassasidagi tarbiyalanuvchilar

maxsus kiyimi uchun tanlangan matoning boshga matolardan afzaliklari . .................. 299
Sharibaev N.Yu., Homidov Q.A. Matoning sifatini tekshirishda hosil bo‘ladigan qarshilik

kuchlarini mexanik goniniyat asosida nazariy taxlilqilish . .............................. 302
I'agpyposa H.T., XyxkaeBa M.J. Pa3paboTrka Tonorpaduyueckoil KapThl crieluaIbHONU 01K IbI

JUIS TIPSUTAUTBIIKOB « « « 2 o v v e oot e e e e e e e e et e et e e et e et e et e et e 308
Pa:ka6oBa I'.7K. Te3 y3rapyBuaH MOJAHUHT aTPOD-MYXUTIA TABCHUPH . . o oo v v v v e e e e 312
Tursunova Z.N. Shaxsning umumiy biosotsial strukturasi .. ............................ 317
Ymapos A.A., Kenxkaesa M.U., OptuxkoBa K.U., Yemonos LK. Appanu KuH uindu

KaMepacuia Te3JATTHIHIHT TaXTa OKUMHUTa TAhCHP KUIYBYM KYWIAPHUHT HAa3apui Taxmm . . . | 321
Mamadaliyeva Z.Y., Nabidjonova N.N. Maxsus kiyimlar va ularning kelib chiqish tarixi, suv
o‘tkazmaydigan matolarning xususiyativatahlili......... .. ... .. .. .. ... .. . . ..., 326

Tursunov Ch.A., Qarshiyev B.E., Djamolov R.K. Tukli chigitni pnevmo-mexanik saralash
mashinasida chigitlarni titkilab donadorligini oshiruvchi tishli diskli ta’minlash valigining

o‘lchamlarini aniglash . . . ... ... .. .. . 330
Sayitqulov S.0., Salomov A., Pama3onoB C. Arrali tola ajratgich mashinasining chigit

tarog‘ining ekspremental tadqiqi . ... ... ..o 335
Xynoiidepaues M.P., Oumios T.A., Earopos C.K. Typmu ceneKius HaBlapuIaH OJHHIaH

UIIAp HOTEKUCIUK KYPCATKMUIAPUHUHT V3TAPUIIM. « « . o vttt e e e et et e e eeaeeeene 338
Hagpy3sos H., SIky6oB K., Axmenos K., YpasmaroBa M. Nrun kamepagaru naxTaHuHT

JACTIIA0KU OKUM XAPAKATH JTHHAMIKACH. .« « . v v o v v et et e e e et e et e et e et e et e et e e e e e e 343
Ismoyilov L.B., Qo‘ldoshev E.I., Ismoyilov F.B., Qayumov J.A. Jun tolasi tarkibidagi begona
aralashmalarni tozalash mashinasining texnologik parametrlarini nazariy asoslash . .......... 347
Qo‘ldoshev E.I., Ismoyilov LB., Ismoyilov F.B. O‘zbekistonda yetishtirilayotgan jun

xomashyosi maxsuldorligi va sifat ko‘rsatgichlari. .. ... .. ... .. .. . . 354
beoyrosa H.H., KomuioBa X. Pa3pabotka komnekuuu crienoaex bl st pabotaukoB AITK ¢
npuMeHeHneM komnbioTepHoil rpadukn «KCOREL DRAW». ... .. o o . 359

Hikmatov N.I. Energiya samaradorli qurilish uchun zamonaviy issiglik himoyalovchi materiallar | 364

Baxuros M.M., Boxunos .M., HozumoB Y.A. TexHnueckoe COCTOSIHUE TOBEPXHOCTEN

(hacagoB UCTOPUUECKOTO 3AaHUS SAMOHCKOTO rocmutaisg BT. Karane. .. .................... 368
Mirzayev Sh.R., Ismatov S.S. The influence of traditions, social and climatic factors on the

itectural design of multi-storey residential buildings: the case of the city of Bukhara........... 374
BapaxaroBa [I.A. VcxokxoH Typa nbpar uamuii Mepocu. “Me30oH yH-HHU30M™ acapu Xakuaa .. | 377

AsumoBa H.®. Jles toncroii wxxoan. “Anna KapeHnHa” pOMaHM XaKUAA . . . . oo venenn... 381




MH(I)OpMaTI/IKa Ba ax6op0T —KOMMYHMKalIlVIOH TU3VIMAap

UDK 621.311
REAKTIV GIDROTURBINALI MIKRO GIDROELEKTR STANSIYANI MATEMATIK
MODELLASHTIRISH
Qo‘ziyev Z.E.

Buxoro davlat texnika universiteti.

Annotatsiya. Maqolada past bosimli suv ogimlariga moslashtirilgan reaktiv gidroturbinali gidroenergetik
qurilmani matematik modellashtirish natijalari keltirilgan. Ushbu past bosimli suv ogimlariga samarador ishlashga
mo ‘ljallangan mikro giroelektr stansiyasining turli suv sarflarida qurilmaning asosiy texnik ko ‘rsatgichlari
modellashtirish asosida aniglangan. Reaktiv gidroturbinaning parraklarini optimal o ‘rnatish burchagi 110° bo ‘Iganda
gidroturbinaning foydali ish koeffisienti 84...88 % gacha oshganligi hisobidan markazlashgan elektr ta’minoti tizimiga
ulanmagan avtonom iste 'molchilarni energiya bilan uzluksiz ta ’'minlash imkonini beradi.

Kalit so Zlar: reaktiv gidroturbina, suv oqimi, suv sarfi, matematik modellashtirish, mikro gidroelektr
stansiyasi, gidravlik napor, aylanish tezligi, quvvat, suv g ‘ildiragi, gidroenergetik qurilma, o ‘rnatish burchagi.

MATEMATHUYECKOE MOJAEJIMPOBAHUE MUKPOTHAPOIJEKTPOCTAHIIUU C
PEAKTUBHOU I'HIPOTYPBUHOU
Kysues 3.9.

Byxapckuii cocyoapcmeenHblii mexHuuecKuil yHugepcumem.

Annomayusn. B cmamve npedcmagienvi pe3yibmamvl MAMEMAMUYECKO20 MOOCIUPOBAHUL PeaKmuUHOU
2UOPOMYPOUHHOL  2UOPOINEKMPOCMAHYUY, AOANMUPOBAHHOU K HOMOKAM 600bl HU3K020 Hanopa. Ha ocnoge
MOOENUPOBaHUsL ONPedeeHbl OCHOBHbIE MEeXHUYECKUe NOKA3AMENU MUKPOSUPOINEKMPOCMANYUU, NPEOHAZHAYEHHOU 05
apexmusnol pabomuvl 3Mux HUZKOHANOPHLIX NOMOKOE 600bl NPU PA3IUYHOM pacxode. Ilpu onmumanvhozco yena
Haxnona nronacmeii peaxmusnoii 2uopomypbuns: 110° KITT cudpomypbunst 6o3pacmaem 0o 84...88%, umo nozeonsem
obecneuumsb becnepebolinoe IHep2oCHAbICEHUe ABMOHOMHBIX ROmpebumenei, He NOOKIIOYEHHbIX K YeHMPaIU3068aHHO
cucmeme INEKMpPOCHADICEHUSL.

Kniouesvie cnoea: peaxmusnas euopomypouna, nomox 800bl, paAcxod 600bl, MaAMeMamuiecxKoe
MOOeUposane, MUKPOSUPOILEKMPOCMANYUsL, 2UOPAGIUYECKULL HANOD, CKOPOCMb GPAWEHUs, MOUHOCTb, B0OSIHOE
KOJIeCo, 2UOPOIHEPLEMUYECKOe YCMPOUCMBO, Y20Il HAKIOHA.

MATHEMATICAL MODELING OF MICRO HYDRO POWER PLANT WITH
REACTIVE HYDROTURBINE
Kuziev Z.E.

Bukhara state technical university.

Abstract. The article presents the results of mathematical modeling of a jet hydro-turbine hydropower device
adapted to low-pressure water flows. Based on modeling, the main technical indicators of the micro hydro power plant
designed for efficient operation of these low-pressure water flows at various water rates were determined. When the
optimal installation angle of the blades of the reactive hydroturbine is 110°, the efficiency of the hydro turbine
increases to 84...88%, which allows continuous energy supply to autonomous consumers not connected to the
centralized power supply system.

Keywords: reactive hydroturbine, water flow, water rate, mathematical modeling, micro hydro power plant,
hydraulic pressure, rotation speed, power, water wheel, hydropower device, installation angle.

Jahonda energetika sohasida, jumladan, avtonom energiya iste’molchilarining elektr
ta’minoti tizimininng ishonchliligini oshirishda qayta tiklanadigan energiya manbalaridan, xususan
mikro gidroelektr stansiyalaridan foydalanish yetakchi o‘rinlardan birini egallamoqda. Xalqaro
gidroenergetika assotsiyasiyasining (IHA International Hydropower Association) ning
ma’lumotlariga ko‘ra jahondagi gidroenergetik manbalarning umumiy texnik potensiali 3800 GW
ga teng bo‘lib, shundan 1243 GW qismigina o‘zlashtirilgan. Jahonda gidroenergetika bozorining
hajmi 2022 yilda 222 milliard dollarga baholangan va 2023 yildan 2032 yilgacha yillik o‘sishning
umumiy surati CAGR (Compound Annual Growth Rate) 5,6 foizni tashkil etgan holda 2032 yilga
kelib 380,99 milliard dollardan oshishi kutilmoqda. Bu borada, past bosimli suv oqimlariga
moslashtirilgan reaktiv turbinali mikro gidroelektr stansiyalarini ishlab chiqish va amaliyotga joriy
etish muhim ahamiyatga ega hisoblanadi [1].

Jahonda reaktiv turbinali mikro gidroelektr stansiyalari ishlab chiqarish, mexanik, energetik,
gidrologik va konstruktiv parametrlarini asoslash hamda samaradorligini oshirishga garatilgan ilmiy
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tadqgiqotlar olib borilmoqgda. Bu borada, past bosimli suv oqimlarida ishlaydigan reaktiv
gidroturbinaga ega mikro gidroelektr stansiyalari ishlab chiqarish, konstruktiv va ish rejimi
parametrlarini modellashtirish bo‘yicha tadqiqotlar ustuvor hisoblanadi [2, 3].

O‘zbekiston Respublikasi Prezidentining 2023 yil 30 martdagi PQ-104-son
“Gidroenergetika sohasini yanada isloh qilish chora-tadbirlari to‘g‘risida”gi ning 7-bandida 2023 yil
1 avgustdan boshlab respublika hududidagi past bosimli suv oqimlarida ishlaydigan innovatsiya
texnologiyalarini keng joriy etish orqali qo‘shimcha elektr energiyasini ishlab chiqarishni boshlash,
tizimdagi korxonalar ishlab chiqarish bazasida 2025 yil 1 yanvarga qadar quvvati 15 MW gacha
bo‘lgan gidroagregatlarni ishlab chiqishni amalga oshirish bo‘yicha muhim vazifalar belgilab
berilgan [4].

O‘zbekiston Respublikasi Prezidentining 2024 yil 12 iyuldagi PQ-252-son “Gidroenergetika
sohasini isloh qilish chora-tadbirlarini jadallashtirish to‘g‘risida”gi garorida aholini va iqtisodiyot
tarmoqlarini energiya resurslari bilan barqaror ta’minlash, elektr energiyasini ishlab chiqarishda
tabily gazdan foydalanishni kamaytirish hamda gidroenergetika sohasining mavjud salohiyatidan
samarali foydalanishni yanada oshirish bo‘yicha vazifalar belgilangan, jumladan 2028-yil yakuniga
gadar gidroelektr stansiyalari umumiy quvvatini 5 508 MWga yetkazish, shu jumladan umumiy
quvvati 1600 MW bo‘lgan gidroto‘plash elektr stansiyalarini qurish, mahallalarda mikro va kichik
gidroelektr stansiyalarini o‘rnatish imkoniyati mavjud loyiha maydonlari aniqglash, yangi turdagi
gidroenergetik qurilmalarni qurib ishga tushirishni jadallashtirish bo‘yicha amaliy ishlar
bajarilmoqda. Mazkur vazifani amalga oshirish, jumladan, past bosimli suv oqimlariga
moslashtirilgan samarador reaktiv gidravlik turbinali mikro gidroelektr stansiyalarni yaratishning
ilmiy-texnik yechimlarini ishlab chiqish muhim hisoblanadi [5].

Yuqoridagilarni inobatga olgan holda, reaktiv gidravlik turbina parametrlarining suv
ogimiga bog‘liglik matematik modelini keltirib chigaramiz.

1-rasmdagi reaktiv gidroturbinaning tezlik diagrammasidan oqimning suv g‘ildiragiga kirish
tezligini optimal tezligiga bog‘ligligi aniqlanadi.

|
\

yo’naltiruvchi \\
apparat

1- turbina

yo’naltiruvchi
parrak

Us,
! Us

\ X \ 2- turbina

I ~ ~ ~

“% » Us
l Ce

1-rasm. Reaktiv gidroturbinaning tezlik diagrammasi
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Gidroturbinaga kiruvchi suv oqimining napori [6].
H, = H; + AH, (1)
bu yerda, Hy; — gidroturbinaning to‘la napori, m; AH; - gidroturbinadagi napor yo‘qotilishi, m.
Gidroturbinaning to‘la napori ifodasi [7].
2 2 2 2
Hy = =2+ =2+ 2 @)
bu yerda, w; —nisbiy harakat tezligi, m/s; u; —aylanma (ko‘chma) harakat tezligi, m/s;
c; — mutlaq harakat tezligi, m/s; g — erkin tushish tezlanishi, m/s>.

Tezliklar uchburchaklaridan kosinuslar teoremasi bo‘yicha tezliklararo bog‘liglik
tenglamalarini hosil qilindi.

cf—ci

wi = uf + c¢? — 2u ¢ cosay 3)

w2 = u3 + ¢z — 2uyc,cosay 4)
(3) va (4) ifodalarni (2) ifodaga keltirib qo‘ysak, gidroturbinaning to‘la napori ifodasi
quyidagi ko‘rinishga keladi.
Hy = é(ulclcosal — UyC,C08a3) 5)
Gidroturbinadan suv oqimining chigish burchagi 90° (a, = 90°) ga teng bo‘lganda
gidroturbinaning to‘la napori ifodasi quyidagi ko‘rinishga keladi.

Hy = gulclcosal (6)
Aylanma (ko‘chma) harakat tezligining radiusga bog‘liqlik ifodasi [8, 9].
U = 2 '1'['n1'R1 7
15 T (7N

bu yerda, R; — gidroturbinaning tashqi radiusi, m; n; — gidroturbinaning aylanma tezligi, ayl/min.
Tezlik diagrammasidagi tezliklar uchburchagiga sinuslar teoremasini qo‘llab, aylanma
(ko‘chma) harakat tezligining mutlaq harakat tezligiga bog‘ligligi keltirib chiqariladi.
C1 Uy
sin(180°-p3,) o sin(B1—a1) (®)
sin(180° — B,) = sin B, trigonometrik keltirish formulasi va (7) ifoda yordamida (8) ifoda
quyidagicha o‘zgaradi.

2 mnq'Ry-sin B4
60 - sin(B1—aq) ®)
(7) va (9) ifodalarni (6) ifodaga keltirib qo‘ysak, gidroturbinaning to‘la napori ifodasi
quyidagi ko‘rinishga keladi.

C1:

n2mw?R2cosa,sin B,

Htl - 900 g sin(B1—a1) (10)
Gidroturbinaga kiruvchi suv oqimining napori ifodasi.
2..2p2 P
__ nim“Ricosa;sin 1
Hl - 900 g sin(f1—aq) + AHl an
Gidroturbinaning mexanik quvvatining turbinaga kiruvchi suv ogimining quvvatiga
nisbatidan gidroturbinaning foydali ish koeffisienti aniglanadi.
2mnq i
30M -
N = T 60 __ 1Ny sin(B—aq) (12)

© pgQiH:  pQi(nimZR}cosaysin f1+900gAH;sin(Bi—ay))
bu yerda, p — suvning zichligi, kg/m?; Q; — gidroturbinaga kiruvchi suv ogimining sarfi, m%/s.
Suv oqimining chiquvchi quvvati quyidagi matematik ifoda orqali aniglanadi [10]:
yoki P=mn-p-g-Q-HP=mn-y-Q-H (13)
bu yerda, 1 - turbinaning foydali ish koeffitsienti; g — erkin tushish tezlanishi, m/s?; Q —
suv ogimining sarfi, m*/s; H — suv ogimining napori, m; y — suvning solishtirma og‘irligi, N/m>.

2-T'n
s (14)

Gidravlik turbinaning burchak tezligi [11]: Vy =
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Suv oqimi momentining quvvat va burchak tezlikka bog‘liglik ifodasi [12]:
P
M= — (15)
Vw

(13) va (14) ifodalarni (15) ifodaga keltirib qo‘ysak, suv oqimining momenti ifodasi
quyidagi ko‘rinishga keladi

M= =" (16)

Turbina momentining konstruktiv parametrlariga bog‘ligligi quyidagi matematik ifoda
orqali aniqlanadi (bu ifoda Eyler tenglamasi ham deyiladi) [13]:

M= 1= " “(Ry-cy-cosa; —R, - ¢y cosay) (17)

bu yerda, R; — suv g‘ildiragining tashqi radiusi, m; R, — suv g‘ildiragining ichki radiusi, m; ¢; —
ogimning yo‘naltiruvchi apparatdan chiqish tezligi yoki oqimning suv g‘ildiragiga kirish tezligi,
m/s; ¢, —oqimning suv g‘ildiragidan chiqish tezligi, m/s; a; — yo‘naltiruvchi apparatdan suv
oqgimini chiqish burchagi; o, — suv g‘ildiragidan suv oqimini chiqish burchagi.

Yugqoridagi ifodadan ko‘rinib turibdiki, suv g‘ildiragidan suv oqimining chiqish burchagi
90° (o, = 909) ga teng bo‘lganda suv g‘ildiragi o‘zining optimal tezligiga erishadi. Bu holatda (17)
ifoda bunday ko‘rinishni oladi.

M= % *(Ry - ¢y - cosay) (18)
Dastlab, suv g‘ildiragining tangensial tezligini burchak tezligiga bog‘ligligi hosil gilinadi
2 mtnRq

Uy =Vy - R1 y0kl u, = 50 (19)
Tezlik diagrammasidagi tezliklar uchburchagiga sinuslar teoremasini qo‘llab, ogqimning suv

g‘ildiragiga kirish tezligini suv g‘ildiragining optimal tezligiga bog‘liqligi keltirib chiqariladi.
Cq Uuq

sin(1809—B;)  sin(Bi—ay) (20)
sin(180° — B,) = sin B, trigonometrik keltirish formulasi va (19) ifoda yordamida (20)
ifoda quyidagicha o‘zgaradi.
2 -tn-Ry-sin B4
€1 = 60 - sin(B1—a1) 0
(21) ifodani (18) ifodaga keltirib qo‘yib, (16) ifoda bilan tenglashtiramiz.
Y -Q 2 m-n-Ry-sinfy n-y-Q-H-60
?( v 60 - sin(B, — ay) .COSOH) 2 m-n
Bu tenglama soddalashtiriladi.
2 _ gH”"307 . _sin(Bi—aq)

n Ti2-R? sin B4 -cos ay (22)
sin(B, — a;) = sin B, - cos 0(1 —cos By -sinay sinusoidal funksiya uchun ayirish
formulasi va tga; = C:;Zl gfB = trigonometrik funksiyalar orasidagi bog‘ligliklaridan, suv
g‘ildiragining optimal aylanish tezhgl hosﬂ qilindi.
30 t
Nopt = n-g- 122 (23)

tgB1
(23) tenglama yordamida suv oqimi sarfining o‘zgarishini hisobga olib, gidroenegretik
qurilma suv g‘ildiragining optimal aylanish tezligini aniqlash mumkin.
Gidroturbinaning parraklarini o‘rnatish burchagi quyidagi ifoda yordamida hisoblanadi [14].
0=180°- B, + o, (24)
2-rasmda turbina gidravlik naporining turbina aylanish tezligi va suv oqimi sarfiga
bog‘liglik grafigi qurildi. Suv oqimi sarfi 0,15...0,24 m?%/s va turbinaning aylanish tezligi 0...240
ayl/min oraligda o‘zgarganda turbinaning gidravlik napori 0,2...1,1 m oralig‘ida o‘zgardi.

“Pa3BuTHE HAYKU M TEXHOJIOTHii” Hay4yHo-TeXHUYeCKHUii :KypHAJI Ne2/2025 178



MH(I)OpMaTI/IKa Ba ax6op0T —KOMMYHMKalIlVIOH TU3VIMAap

25 50 75 100 125 150 175 200 225 250
n, aylimin
3-rasm. Suv oqimi sarflarining turli
qiymatlarida turbina gidravlik naporining
aylanish tezligiga bog ‘ligligi grafigi
3-rasmda esa suv oqimi sarfining turli qiymatlarida turbina gidravlik naporining turbina
aylanish tezligiga bog‘liglik grafigi ko‘rsatilgan. Mazkur grafikdan suv sarfining giymati 0,24 m>/s

bo‘lganda turbina gidravlik naporining maksimal giymati 1,1 m va aylanish tezligi 120 ayl/min
ekanligini ko‘rish mumkin.

n, aykmin

Q, m"3is
2-rasm. Turbina gidravlik naporining aylanish
tezligi va suv oqimi sarfiga bog ‘liqlik grafigi

4 (a) rasmda uzluksiz chiziq bilan 1-gidroturbinada suv oqimi sarfining turli qiymatlarida (6-
Q11=0,24 m*/s, 5-Q12=0,21 m%/s, 3-Q13=0,18 m?/s) va siniq chiziq bilan 2-gidroturbinada suv ogimi
sarfining turli giymatlarida (4-Q21=0,19 m’s, 2-Q»=0,17 m%s, 1-Qx»=0,14 m?5s)
gidroturbinalardagi mexanik quvvatning turbina aylanish tezligiga bog‘liqlik grafigi ko‘rsatilgan. 1-
gidroturbinada suv sarfining maksimal qiymati 0,24 m%/s bo‘lganda mexanik quvvatning qiymati
2338 W va aylanish tezligi 120 ayl/min, o‘z navbatida 2-gidroturbinada suv sarfining maksimal

giymati 0,19 m%/s ga tengligi hamda mexanik quvvatning giymati 1243 W va aylanish tezligi 80
ayl/min ekanligi aniglandi.
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4-rasm. Turli suv oqimi sarflarida gidroturbinaning mexanik quvvati (a) va foydali ish
koeffisienti (b) ning aylanish tezligiga bog ‘liqlik grafiklari
Suv oqimi sarfining turli giymatlarida turbina parraklarini o‘rnatish burchagi 110°
bo‘lganda foydali ish koeffisientining turbina aylanish tezligiga bog‘liqligi grafigi qurildi (4 (b)
rasm). Gidroturbinaning foydali ish koeffisienti 84...88 % oraligda bo‘lishi aniglandi.
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10.

11.

12.

13.

14.

Xulosalar:

. Ushbu maqolada past bosimli suv oqimlariga moslashtirilgan gidroenergetik qurilma reaktiv

turbinasining gidravlik napori, mexanik quvvati va foydali ish koeffisientining suv oqimi sarfi,
aylanish tezligi va konstruktiv parametrlariga bog‘liglik matematik modeli ishlab chiqildi.

. Suv oqimining suv sarfi 0,15...0,24 m?¥/s, napori 0,2...1,1 m bo‘lgan gidroturbinaning optimal

aylanish tezligi 60...120 ayl/min, mexanik quvvati 423...2338 W va foydali ish koeffisientining
maksimal giymatlari 0,84...0,88 tengligi matematik modellashtirish orqali aniglandi.

Reaktiv  gidroturbinaning parraklarini optimal o‘rnatish burchagi 110° bo‘lganda
gidroturbinaning foydali ish koeffisienti 84...88 % gacha oshganligi hisobidan markazlashgan
elektr ta’minoti tizimiga ulanmagan avtonom iste’molchilarni energiya bilan uzluksiz
ta’minlashga erishiladi.
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