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HACOC ATPETATITIAPNAOA KABUTAUUNAHWHI 3J/IEKTP
SQHEPIT A NCTEBMOJIUTA TABCUPI

P.)K.BapaToB — T.(.H., goueHT, A.9.4ynnmes — PhD, B.K.YcHaTAMHOB — accucTeHT, “TOLKEHT uppurauus Ba KuLLIoK,
XY>KaMrmHY MexaHm3aumanaw MyxaHamcnapy MHCTUTY Tn” Munnuii TagKkuKoT YHUBEPCUTETU

AHHOTauuA
Y6y Makonaja Hacoc arperatnapua KaButaums xocun 6ynui cababnapm Ba 3NeKTp 3HEPrUst UCTEbMONNTA TabCUPUHN Talll-
Xucnawl TM3MMUHMN 1LWNab Ymknw 6yinya Hasapuii Ba aKCnepyMeHTan TaAKUKOTIap HaTuxatapu KentupunraH. KasutaumsaHm
ynyawiaa yta KU4MK CUFUMHM Ynyall gaTunrugaH onganaHuil camapanuy 6ynme, ynyatl aHMKAIUIM KOKOpY Ba HapXuy ap30oH 6ynraH
ynyall Ba HasopaT KUIULLHUHE TEXHUK XapaKTepucTUKacu KeNTUpuiraH.
KanuT cy3nap: Hacoc, nydakya, 60LKapuLL, KaBuTauus, ynyatl, HTennekTyan ynyaw TM3nmm, aTumk, MMKPOKOHTPOINE,

CTaTuK 60CM, KOHAEHCATOP.

BANAHNE KABUTALWNW B HACOCHbIX ATPEFTATAX HA T10-
TPEBNTEHVE SJIEKTPO3HEPT U

P.>K.BapaToB - K.T.H., goueHT, 4.9.Uynnmes — PhD, B.K.YcHaTAUHOB — accucTeHT, HaumoHanbHbI UccriefoBaTeNbCKUiA
YHUBEPCUTET «TallKEHTCKUIA MHCTUTYT MHXXEHEPOB MppUraumm n MexaHmsaLmm cefbCKoro Xo3siicTaa»

AHHoOTaLUMsI
B fjaHHOI4 cTaTbe NpeacTaBeHbl Pesy/bTaTbl TEOPETUYECKMX M IKCTIEPMMEHTa/IbHBIX UCCNIEA0BaHI MO pa3paboTKe CUCTEMbI AN-
arHOCTVIKM U MPUHH BO3HVMKHOBEHUS KaBMUTaLMM B HACOCHbIX arperarax. Mpy KaBUTaLMOHHbIX U3MEPEHUSIX, MPEACTaB/IEHbI TEXHW-
UECKME XapaKTePUCTMKIN N3MEPEHVISI U KOHTPO/S S(EKTUBHOCTM C BbICOKOM TOUHOCTM M3MEPEHUS M H3KOW CTOMMOCTM C UCMO0/b30-

BaHMEM CBepXMasibIiX 4aTHNKOB N3MEPEHUA EMKOCTU.

KntoyeBble crioBa: Hacoc, ny3bIpbKy, yrpasneHue, KaButaums, U3MepeHue, NHTeNEKTyalbHast U3MepUTe/ibHas CUCTeMa, CTaTu-

4eCKoe faB/ieHune, KoHaeHcaTop.

INFLUENCE OF CAVITATION ON THE CONSUMPTION OF
ELECTRIC ENERGY IN PUMPING STATIONS AND AGGREGATES

R.J.Baratov — associate professor, Ya. E. Chulliev — PhD, B.K.Usnatdinov-assistant,
National Research University "Tashkent Institute of Irrigation and Agricultural Mechanization Engineers"

Abstract
This study presents the results of theoretical and experimental research on the development of a system for prediction of the
causes the causes of cavitation in pumping units. In cavitation measurements, technical specifcations are presented for measuring
and controlling effciency with high measurement accuracy and low cost using ultra-small capacitance sensors.
Key words: buble, pump, control, cavitation, measurement, smart measurement system, sensor, static pressure, capacitor,

block diagramm.

QOO

Kmpmm. Y36€KNCTOHHUHT cyropunaguraH
epnapuHUHT 60 gomn3nra AKMHU Hacoc cTaHumanapu
épgaMmmnaa cyFopununo, ywby Tnsnmaa 43 ta hinpuk, 1600 gaH
opTuK ypTa Ba 30000 AaH OPTUK KNYMK HAcoc CTaHLMsnapm
MaBXyf, Ba yNapHUHI MUNAVK CyB y3aTum 60 mnpg. m® gaH
OPTUKHW TalLKWA 3TMOKJa. Hacoc cTaHumanapy TOMOHUAaH
NCTEBMON KWINHAETTaH MWNNNK 3NeKTP 3HEPTUA MUKLO0PU
8—10 mspa. KBTxcoaTHM TalKna KUAnG, MamiakaTuMmmnsga
XaMmy  nwnab  unmkapunaétraH 3nekTp 3SHeprusiHMHr 23
homsmra eTmokga. Hacoc CTaHUMANAPUHUHE  3HepPrus
caMapagop/IMrMH1 - OWMpUW  Ba ynapjaH doiganaHuni
XapaxaTnapmHu KamanTupuLl, LYHUHIAEK, HacOCNapHUHT
thopganm nw KoaPULEHTUHN OWIMPULL MyaMMOHUN YyKyp
TaxIUn 3TUW Ba WAMWIA TaAKMKOT YTKa3uLl, SHIM yndawl
Ba WHMOPMALMOH TeXHUK BocuTanapgaH organaHuwHn
Tako30 aTMokga. HOkopuga Kaig aTuaraH MyammonapHu

KOOI xan aTuwaa Hacoc cTaHumMsanapmaa xap Xun guank
TabvaTra ara 6ynraH KaTTaAMKIapHU ynyaw Ba Hasopar
KWIVLWHWHT  (3NEKTP, MarHUT, MeXaHWK, MApaBinK Ba
X.K.) VHTennektyan [aTYNKNapUHUHT aBTOHOM 3NeKTp
MaH6angaH TabMWHNAHaAWraH SHIM  aBnoAvHW  Uwwnad
UYNKNLL 3apypUSTUHN Naigo kunmokaa [1, 2, 3, 4, 5, 6].

Cyropuwl Tmsmmnapuga origanaHaérraH KaTTa KyBeatin
Hacoc arperatniapmga 3neKTp 9Heprus UCTebMONMHUHT
opTuLM Ba oiganu N Ko3ahULUMEHTUHMHI Nacannwnra
oMb KenagmraH acocuii cababnapgaH 6upn 6y KaBuTauums
XapaéHunamp. Hacoc arperatnapvga CyBHUHT cTaTuK 60cMmm
CYBHUHI OyfnaHuW 6GocMmuiaH KUYMK 6ynraHga cysfa
X@KMU YHUYaIMK KaTTa byniMaraH Lwap waknmgarn Kyrivgarm
1-pacmpa KenTupuarad cuHrapy nydaknap naigo 6ynagm [1,
5,6, 13].
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1-pacm. KaBnTauums >xapaéHuga xocun 6ynagmran nydaknap

ByHzan nydaknap xocun 6ynuil xoamcacu KaBuUTaLuns
Aenvinagn. Hacoc kamepacu mnuvpa nango 6ynraH 6yHpaan
nycaknap katta 60cMM OCTUAa Hacoc nappaknapura éku
KaMepaHWHI UYKK KucMmura ypunmé épuavn okmubatmia
3apb TYNKMHU xocun 6Gynaan. 3apb TYynKuHMapu karta
Hepruara ara 6ynraHnurn cababnu MeTaIIHUHE  103a
KMCMWHW eMUpajn Ba HacoC NappakiapuHUHE Te3fa ngaH
ymkumra cabab 6ynaam [12, 14, 20].

KaBuTauus xapaéHVHUHT naigo 6YyNnWnHU ongnuHAaH
Tawxmenall Xxyaa Mypakkab TEXHUK Macana xucobnaHagu.
LUYHVHT y4yH XO03Vpry BaKTAa KaBuTaUMAHW Yynyawl Ba
Ha3opaT KUAnLW TU3UMAapHN nwnad Ynkmwaa Kasmtaums
oKkmbaTmaa to3ara kenaguraH U3nK xoaucanap, XymnagaH,
LLOBKWH, BUOpaLmsa Ba Hacoc kamepacuga TemrnepaTypaHuHr
y3rapuwn kabu napameTpriapHM yndawl opkanm ynda
amasira owmnpuaMoKaa. Xo3mpru KyHaa LWyHAarn Kasmutaums
okmbatnapuga tosara kKenaguraH (U3NK kapaéHnapHu
ynyail OpKav KaBUTaUMAHW TalXMCNaWHUHT 6Up KaHya
ycynnapw masxyg [7, 8, 9, 10, 11].

AMMO OyHZal ycynnap OpKav KaBuTauus >XapaéHUHU
ynyall Ba HasopaT Kuauw camapacu3 6ynmnb ywby ycynnap
KaBuTauus okumbaTuga tosara KenaguraH nappaxkiapHUHT
eMVPUAVILL A@BPUHN KaMarTpa onmMainan.

MaTtepwvannap Ba ycnyo6nap. ByryHru
MWKPO3/IEKTPOHNKA, CYHbU UHTENNEKT Ba MH(OpMaLoH
TEXHOMOrMANap  PUBOX/IAHIaH  daBpga  ynyaw  Ba

Yavyanaaurax
CHFUM

HasopaT  TU3UMAAPUHW  VHTeNNeKTya nawTupuw  Ba
MUKPOKOHTpoOnnepnapgaH oaanaHum ywby coxaga KeHr
UMKOHMATNAP ApaTtunMokga. LUyHWHr yyyH myannudnap
TOMOHMAAH Hacoc arperatnapfa KaBuTaums Xocun 6ynui
cababnHM ynyawl Ba Ha3opaT KWIULWHWHT WHTENNeKTyan
TU3UMN NWNab ymkuaraH Ba 6ab3v 6Up akcnepuMeHTnap
yTKasunraH [1, 2, 3, 6, 19].

Hacoc arperatnapypa KaBuTaumsa xocun  Gynuil
apaéHmaa Termwnu to3aga nydakdanap nango 6yna
6owwnanan Ba byHaanm KUK ynyamra ara 6ynraH nygakyanap
MUKOOPVHU aHUKMALIHWHE 3HT camapann ycynugaH 6upu
CUFUM/IM aTunkKnapgaH origanaHm xmcobnaHaaw [3, 5, 6,
15, 16].

AMMO KaBUTaUMSAHW Yn4aluga xocun 6ynagmraH CUFAM
KniMaTn >Xyga Kuumk 6ynmn6 KyByp ynyamwura 60fvK
paBuwa 6up Heya 10pF gaH 6up Heva 100pF rava 6ynuw
MYMKWH. ByHAall KUYMK CUFUMHW MaBXyf 6ynraH ynuyai
ac6obnapma ynyalwHWUHT WUMKOHW WYK. LyHUHr y4yH
Myannupnap TOMOHWAAH 3aMOHaBUA  MUKPOKOHTPOIEP
UMKOHMATNapuAaH tholifanaHraH xonaa KU4nK CUFMMnapHu
ynyaw cxemacum uwnab 4dmkuiaraH 6ynnbé uHTennekTyan
ynyaw Ba HasopaT TUSMMWHM uMwnab u4uMkuMwga acoc
6ynmokaa. Kyhnparm 2-pacmMpa  KWYMK  CUFUMIapHU
YNYallHMHE IOKOPU pyXcaT aTuaraH Kuimar Ba YM3UKIN
CTaTVK XapaKTepucTMKara ara 6yaraH aT4nKHUHT CTPYKTypa
cxemacu KenTupuraH.

- : JHOIM TYFPHJIAruy
Tox

PMOS .
Yauam acooom

KY4Yal THPru4u

Hamyna Ky4alTHPIrHY
(3TaJ10H) CHFUM

V‘Ilﬂ(l‘llll

C2
D >~ PMOS
= JIMOIH TYFPHIATHY
~ Tok

Ky4alTHpru4

?

2-pacMm. FOKopM pyxcaT 3TUraH KMiMaT Ba YM3MK/IM XapaKTepucTuKara ara CUFUMv
OATUMKHVHT CTPYKTYypa cxemacu

Ywoby cTpykTypa cxemaga ynuaHaguraH cusmm Cl Ba
HamyHa cuFum C2 KOHAEHCATOPMAaPHUHT BUTTa 3M1eKTPOAM
yMyMUiA 6YNn6 yHra MaH6agaH 61p xvmn KyunaHui 6epunagu.
KoHpeHcaTopnapHUHr — GOLIKa  3MeKTpogiapy  aca  TOK

KyyarTupruunapura ynaHagn. ToK Ky4ahTUpruynapuHuHT
UMKULW cuUrHannapy aca PMOS avognn Tyfpunarnynapra
y3aTunagy Ba y3rapmac TOKKa y3rapTupunagun. Y3rapmac
TOKKa y3raptupuwaa PMOS ANOAVHUHT XOCWUA KunaguraH

A
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LWOBKMHN Kam 6ynraHnurn cababnu wyHpaih auogaaH
thoriganaHunnaaw [3, 4, 17, 18].

TalKky ce3rmp 3NeMEHTHUHI 3M1eKTP CXemacu oaauni
anddepeHuManioBun cxemagaH wnbopat 6YnmMb  YHUHT
cxemacu 3-pacmga KenTUpuIraH.

i(t)

— |5 o
M
U ¢ R U
KHP iR YUK
& 0

3-pacm. RC anddepeHLmanaioByun cxema

du
Uue =R-ig =R-C_—*%
dt 1

LUYHWHT y4yH MHTeNneKTyan ynyail Ba Ha3opart KUaunLl
TU3MMW CE3MUP 3NEMEHTU YMKULL CUTHANIMHWUHT BaKT 6Yiin-
Ya y3rapuwl rpadmknapu Kynungarn 4-pacmaa KentupuaraH
KYypuHuLwaa 6ynaau.

3KcnepMeHTan TagKnKoTaap yTkasuwaa andhepeHum-
annaw cxemacu TyFpu 6ypyaknn nmnynscam 16 My vacro-
Tann maHbafaH Ky3fFaTungun.

Okopuga kentupwuniraH (1) ndogagaH MabnymMku, Andg-
(hepeHLMannaLl cxeMaCMHUHT YAKWLL CUTHAIN KOHEeHcaTop
cufumm C, ra TYFpu nponopuuoHan. LYHUHT yuyH KOHAeH-
caTop CUFMMUHK Maycc KOHYHUra 6UHOaH Kyinaarmya ésa-
MWn3:

a )
By epaa E — anekTp MaifoH KydnaHraHnuru, (B/m), e.-
abCooT 3NEKTP CUHTAMPYBYAHNNK, S — t03a (M?), Q — aneKTp

Ywo6y copmynaga KaBuTaums Tydainm xaBo nydgak4yacu

Ywby anddepeHUManioBum  9NeKTP  3aHXUPUHUHT  3apsag, (Kn).
UYMKULL CUTHAIM KyYIaHWULW KyAnaarura TeHr:
U...(B) 4
< T >
5B
0 Baxkr(t)

Ulnpnu ::“"‘-—-______ \_‘ -‘-"“-——______ “
[ L5
o) Ba}("r(?)
1 T =10-RC
Uppr oo | —
B
| T a:KE(}) RC

4-pacm. RC andpchepeHLManioBym CXeMaHUHT YNKMLL CUTHAIN
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naigo 6ynmwmn KyBypaaru CyB-xaBo HUCOaTMHW y3rapTupa-
[V Ba YHM MHOGATra ONnLL YYyH 613 Kylinaarmya koadhuum-
EHT KUpUTaMun3:
p=Vn
4 ®3)
Ywoy KoathpUUMEHTHN MHOGATra OnraH xonga cesrmp
3/1EMEHTHWHI CUFUMUHWN TONamMK3:

_7m-(R+a)-&,-[k-&, +6,(1-k)]-/

C
d+2(R+a)-sin
(R+a)-sing @
By epga R — sipuMm uMnuHApaaH nbopaT KOHAeHcaTop
nnacTuHKacu paguycu (M), | — KoHAeHcaTop naacTUHKacu

y3yHnurn (M), d — naacTuHanap opacugarn macodga (M), a —
KYBYP KaIMHANTU (M), @—WKKUTa paguyc opacugaru bypyak.

JKCnepuMeHTasl  TagKUKOT HaTwkanapw. padukiaH
Mab/lyMKW, Hacoc arperatnga KaBuTaumst KO3IMPULMEHTU
Hacoc arperaTuja Kasutauusa koappuumeHTn k=10 honsHun
TalKWA 3Tca, KyBBaT UCTELMOMIMHUHI 27 hon3sra opTuLIn
KM YMKULL KyBYpra CyB capHUHI 14 hor3ra kamanumim
aHVKNaHaW.

Maxcyc acanraH KyyanTmpruunap épgamumaa Hacoc arpe-
raTVHWHI CYPULL KyBYpPUAArM CUFUM Y3rapuiin TagKnKoT-
napw onnb 6opmnan. SKCnepuMeHTan TafKUKoTIap acocuaa
ywiby ynyail yCyMHUHI HUCOWA XaTonuru xucobnaHam Ba
YHUHT rpadurn 5-pacmaa KenTupuiraH.

MpadmkgaH MablyMKU ynyaHaéTraH CUFUM AmMana3oHu
10 n® gaH 100 n® rava 6ynraHga MakcMmMym HUCOUIA XaTo-
nnK 1,5 hon3HM TalKnn aTau.

Xynoca. Myannudnap TOMOHUZaH Taknug aTunaérraH
TEXHUK €4MM KaBUTaUMSAHW Ynyall Ba Ha3opaT KUAWLLHUHT

%
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2,04

4-pacMm. RC gudichepeHLMannoBun cxeMaHUHT YMKNLL
cuUrHanm

WHTENNeKTyan TUSUMUHUN NLWNab Ynkuwiga acoc bynaau.

Hacoc arperatnapuga xocun 6ynaguraH xaBo nydakya-
nap Tygalinm mMabnyMm t3aga cyB-xaBo HMUcbaTdaH gongana-
HMG6 KaBUTALMSHW Yyall YHU onguHAaH Talxmcnatl MMKo-
HUSTUHW sipaTaau.

SKCMEePMMEHT HaTuXanapy MUKPOKOHTponnepnap ép-
JamMuga yTa KAYMK CUFUMMIAPHU HOKOPU aHUKINKAA SbHU
HUCOWMIM xaTonuk 1,5 domsraya 6ynraH xaTonvkga ynuyatid
WMKOHUATUHW ipaTaju.

Hacoc cTaHumsinapugarv cypuil Kysypuaa KaBuTaumsaHu
ynyall Ba Ha3opat KUWLL OPKasv 3/IEKTP 3HEPTUSI UICTEBMO-
NMHKN 5—7 homsraya KaManTUPULL UMKOHUSITU MaBXy/,.

Ne Apabuétnap
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