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YCTPOUCTBA PETYJIMPOBAHUS MOJAYH
HHU3KOHAITOPHBIX MEJIMOPATUBHBIX HACOCOB

Ha cucremax opomienust u apeHaxa B Pecrybnuke Y30eKucTan u Jpyrux rocyaapcr-
Bax lleHTpasbHOW A3WHM IIUPOKO HCIONB3YIOTCS HHU3KOHAMOPHBIE 3IEKTPO(UIIMPOBAHHEBIE
YCTAaHOBKH, 00OpPYJOBaHHBIE OCEBBIMHU KECTKOJIOMACTHBIMU HacocamMu. OIHUM U3 TJIABHBIX
BOIIPOCOB, KOTOPBIN MPUXOAUTCS pElIaTh B MPOLIECCE UX AKCIUTyaTalluu, IBISETCS PEryJInpo-
BaHue mojayu. J{ns HaJeKHOUM pabOThl HACOCHBIX YCTAHOBOK HEOOXOIMMO HECIIOKHOE YCT-
POMCTBO, MO3BOJIAIOIIEE ABTOMATU3UPOBATH IIPOLIECC PETYIUPOBAHUSI.

D) PEKTUBHBIM TEXHUYECCKHUM DPEIICHUEM, YIOBJIICTBOPSIONIMM YKa3aHHBIM TpeOoBa-
HUSIM, SIBJIIETCS YCTPOWCTBO, CO3/Al0IIee MOMEHT CKOPOCTH MOTOKA Ha BXOJ€ B pabouee Ko-
JIeCo CTPYSIMH OTBOAMMOMN M3 HAMIOPHOTO TPyOOMpPOBOAA KUAKOCTH ('MEPenycK ¢ MOIKPYT-
Kou").

CxeMa HACOCHOM yCTaHOBKH, PETYJIUPYEMOU CIOCOOOM '"MepemycK ¢ MOAKPYTKOM",
npeacTaBiieHa Ha pyuc. 1. YCTpOWCTBO peryanupoBaHus MOJa4yu COCTOUT M3 TaHTE€HIIUAIBHOTO
noJiBoAa 1, CMOHTUPOBAHHOTO Ha BCACBIBAIOIIEM TPYyOOMpPOBOAE 2 U THAPABIMYECKU CBS3aH-
HOTO C HamopHBIM TPYOOIPOBOIOM 3 MEpemyCcKHbIM TpyoOomnpoBoaoM 4. PerynupoBanue mo-
Jlaud HACOCHOW YCTaHOBKHM OCYIIECTBIISIETCSI PETYJIMPOBAHMEM BEJIIMYMHBI MEPEIYCKAEMOI0
pacxoza KHJIKOCTH, B 001lleM ciiyyae, pH MOMOIIIM PEryJUpPYIOLIEro yCTpoiicTBa 5, KuHeMa-
TUYECKH CBSI3aHHOTO C MOIUIABKOM 6, PAcIONIOKEHHBIM B HUkHeM Obede. [lomnaBok 6 cHab-
JKEH I'py30M 7.

Pabora ycrpoiicTBa mporcXoauT cieayomuM oopa3oM. [Ipu noHmxeHun ypoBHs BO-
Il B HIDKHEM Obede TOTUTaBOK 6, BICKOMBIN TPY30M 7, TIEpeMeIaeTcsi BHU3, BO3JACHCTBYS Ha
perynmpyroliee yCTpocTBO 5, KOTOpoe MPUOTKphiBaeTcs. [10ToK KuaKo# cpenbl, mepeKadn-
BAaeMOI HACOCOM, C HAIIOPHOI CTOPOHBI 3 1O TPyOONPOBOAY 4 MOCTYIAET B TAHT€HLIUAIbHBIN
nonBoA 1, rae moctymaer Ha mepudepuro BCachIBAIOMIETO TPyOOIpoBoaa 2. DHEprus mepe-
MyCKaeMOro MOTOKa HUCIOJIb3YETCs Ui 3aKpy4YHBaHUs MOTOKA mepeja paboyuM KojecoM. 3a-
Kpy4YMBaHHE MOTOKA BO BCACHIBAIOLIEM TPyOOIpoBoze co3naeT 3G(eKT MceBI0yMEHbIICHHUS
HOMHHAJILHOW 4acCTOTHI BpaIleHus pabodero Kojeca 7 Ha BEIWYUHY A 71, COOTBETCTBYIOILYIO
YaCTOTE BpAIIEHUSI 3aKPYUYEHHOTO TMOTOKA. DTO BBI3BIBAET TpaHC(OpMAIIHIO XapaKTEPUCTHK
Hacoca 10 3aKOHY MOoI00us:
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rae O, H, N - nojaya, Harop ¥ MOITHOCTh Hacoca MPH HOMUHAJIbHOU

4acToTe BpalleHus pabodero Koieca;

Q/, H N - 1oJ1a4a, Harop U MOIIHOCTh HAacOca IIPU YacToTe
BpallleHus1 paboyero Kojieca, yMEHbIIEHHOM Ha
4acTOTY BpaIIeHUs 3aKPYUEHHOIO MOTOKa A 7.

Ha puc. 2 npuBeneHsl nacnopTHas XapakTepUCcTUKa Hacoca 1, XapaKTepUCTUKH CETH 2
U TNepenycKHoro TpydonpoBoaa 3. PerynupoBaHue OCyIIECTBISETCS CIEAYIOLIUM 00pa3oM.
ITycTe B HEKOTOPBIII MOMEHT BPEMEHH ¢; HacOoCc pabOTaeT B HOMMHAIBHOM peXHMe U obecre-



yuBaeT nojgauy Q4 u Hamop Hy. DTOMy pEeXUMY COOTBETCTBYET YPOBEHb >KUIKOCTH B HIXK-
HeM Obede /; u mputTok ¢q;, mpuueM Q4=q;. [Ipennonoxum, 4To B CIEIYIOMINA MOMEHT Bpe-
MEHH f, TIPUTOK YMEHBIIUTCS A0 BEIMYUHBI ¢). M3-32 HECOOTBETCTBHUS NMPHUTOKA U OTKAYKU
¢><Q. YpOBEHb BOJbI B HIDKHEM Obe(e CHU3UTCA Ha HeKoTopoe 3HaueHue A ;. [Ipu sTom
MIPOU30MAET BO3pacTaHNE CTATUYECKON COCTAaBIISIIOIICH HAlopa U XapaKTepUCTHKA TPyOOIIpo-
BOJIa 3aiiMeT noJioxkeHue 2'. [lepeMerieHne BMECTe ¢ ypOBHEM BOJIbI MTOTIABKA BBI30BET Yac-
TUYHOE OTKPBITUE PETYJUPYIOLIET0 ycTporcTBa. [Ipu oTBOAE YacTH nmepexkaynBaeMoOn HACO-
COM KHJIKOCTH W3 HamopHOTro TPyOONpOBOJa BO BCACHIBAIONIMKA 33 CYET BBEICHHS Mapaj-
JICIIBHO OCHOBHOMY TpPYOOITPOBOAY (C XapaKTEPHUCTUKOHN 2') TOMOJHUTEIBHON JTUHHUH (C Xa-
pakTepucTukoi 3) pabodas TOUKa CMECTUTCS MO XapaKTEPUCTHKE Hacoca BIPaBo (CymMMapHas
XapaKTEepUCTHKA KpUBBIX 2' U 3 - KpuBas 4). 3a cueT 3aKpy4MBaHHS NOTOKa repe] padbounmM
KOJIECOM TPOM30MIeT TpaHc(opmMalus XxapakTepucTuku Hacoca | B xapakrepuctuky 1'. Pa-
00uMii peKUM Hacoca OINpeIeTUTCs repeceueHueM KpuBbiX 1' u 4 (Touka b). [Tomaua Hacoc-
HOU ycTaHoBkH Oynet paBHa QOny;=(0s - Or), tae Op - pacXo] KUIKOCTH, TPOXOASAIINN de-
pe3 Hacoc, Or - pacxo/] JKUAKOCTH B MIEPEyCKHOM TpyOorpoBoae, Onyi=¢>.

B ciygae nanpHeimero yMeHbIeHUs PUTOKA JI0 ¢3 M YBEIIMYCHUSI YPOBHS B HIDKHEM
Oobede HA A h, cucTeMa peryJMpoBaHus CpabOTAET aHAIOTUYHBIM 00Pa30M - XapaKTEePUCTH-
Ka OCHOBHOTO TPyOOIPOBO/Ia MEPEMECTUTCS B MOJIOKEHHUE 2", XapaKTepUCTUKA MEPEIyCKHOTO
TpyOOIpoBOJa - B TMOJIOKEHHE 3', CYMMAapHOH XapaKTEPUCTHKOM OyJeT sSBIAThCS KpuBas 4'.
[Ipousoiiaer emre 6obIIce M3MEHEHHE XapakTepUCTUKU Hacoca (1"). Pabounii pexxum mepe-
mecTuTcs B Touky B. [lomaua HacocHoii yctanoBku Oynaet paBHa Qpny: = (Op - On)= ¢;3-

[Tpu yBennueHUU MPUTOKA MPOIECC PETYyIUPOBaHUS OyAET MPOUCXOIUTH B MPOTHUBO-
MIOJIOKHOM HaIlpaBJICHUH.

Takum oOpa3om, 1ojaya HACOCHOM yCTaHOBKH aBTOMAaTU4ECKH OyAET peryInpoBaTbCs
B COOTBETCTBUU C U3MEHEHUEM MIPUTOKA U YPOBEHb BOJbI B HUKHEM Obede OyAeT Mmoanepu-
BaThCSl HEM3MEHHBIM.

W3menenne Hanopa Hacoca IpU PeryJIUpOBaHUM "TIEPETyCKOM C MOAKPYTKOM"
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H= o 1-4A-B,
A
rae Hp - Hanop peryampyemMoro Hacoca;
H, - Harmop Hacoca J10 peryJIMpOBaHus;
A - X03(pPUIMEHT, YINTHIBAIOIINM YMEHBIIIEHHE HATIOPA OT TOAKPYTKH;
B - x03(hduImeHT, yUUTHIBAIOIINN YMEHBIIIEHHE HATOpa OT MepPEIycKa.
Koaddunment 4 MoxHO ornpeaenuth mo Gopmyste [1]
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rae  ng- KodhdumueHT OBICTPOXOTHOCTH, 00/MHH;

D, - BXxoaHOU AnaMeTp paboyero Koieca, M;

b; - mMprHA KaHaJa TPU BXOJIE HA JIOMACTH, M;

S, - yroi Bxoja moToka Ha pabouee KoJjeco, rpas;

7, - ruapasindeckuid KIIJ[ Hacoca;
Aa ., - CpeAHEB3BEILICHHBIIN YTroJl 3aKpyTKH [TOTOKA, IPaj.

Koaddumuent B onpenenum ciaeayromum oopazom. B olmieM Buae XapaKTepuCTUKI
2, 3,4 (puc. 2) MOXHO TIPEJICTAaBUTH B BUJIE
H:HCT + an 5
rie Her - craTideckasi COCTaBIISIONIas HAopa, M;
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rae L - nnmuHa TpyOonpoBoa, M;
D - ero nuamerp, M;
¢ - cymmapHbId KOA()PHUITUEHT MECTHBIX THAPABINYECKHUX MTOTEPD;
A - KO3 UIHEHT THAPABIMYECKOTO TPEHHUS.
Hwxuue unaekcel "Bc", "H" u "n" 03Hayal0T COOTBETCTBEHHO BCACBHIBAIOLIMN, HAIOPHBIN U
MEPEyCKHON TpyOOTIPOBOIBI.
KoaddummeHnTs! mpornopunoHanbHOCTH XapaKTePUCTUK 2, 3, 4 COOTBETCTBEHHO (pHC. 2):
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3akpy4rBaHHe IMOTOKa Tmepel paboyuM KOJIECOM B pacCMaTpUBaeMOM YCTpPOMCTBE
MPOUCXOINUT B PE3yJIbTaTe BO3JECHCTBUS HA HErO MEPEmyCcKaeMoro MOTOKa, 00JIa/1al01Iero He-
KOTOPBIM KOJIMYECTBOM JABUKEHHS K/[;.
K, =p0,Vi,
TOE O - INIOTHOCTh XKUJKOCTH, KD/M;

. 3
Oy - nepenyckaeMblid pacxoi,M /c;
Vi1 - cpenHsist CKOpOCTh UCTEUSHHS MEPEITyCKaeMOoro IMOTOKa U3 COMel, M/C;

Vi = uy28AH ;
AH=H, . +H, —h,,;
M - Koo uimeHT pacxona;
Hy - Hatlop B HarHeTaTeJILHOM TPyOOIIPOBOJIC, M;



Hpc - pa3pekeHne BO BCaChIBaroOILEM TpyOONIpoBoE, M;
hywir - cyMMapHble THIPaBIMYECKUE OTEPH B MIEPEITyCKHOM TpyOonpoBoie
Y TAHT€HIMAJIbHOM MOJBOJIE, M.
N3menenne konuuyecTBa JBUKEHUS MEPEIYCKAEMOTr0 MMOTOKA MOKET ObITh OCYIECTB-
JICHO:
a) U3MeHeHueM pacxojia O HpU MOCTOSTHHOM AH , T.e. IpU JOCTATOYHO OOJIBILIOM
JMaMeTpe TMepenyCcKHOro TpyoomnpoBoa. B aToM ciyyae KOIMYECTBO JBMXKEHUS U3MEHSETCS
IIyTEM BapbUPOBAHUS CYMMAapHOM MJIOMIAbI0 S BEIXOAHBIX OTBEPCTUM COIEN B BBIPAXKEHUN

O, =Su~2gAH .

0) usmMenenueM AH mpu NOCTOSIHHOM momaau S. B 3ToM ciydae yBenn4uBaroT mo-
TEpH B MEPEIYCKHOM TPYyOOIIPOBOE U TEM CAMbIM YMEHBIIAIOT BeInunny AH .

Ha puc. 3 npencraBieHa KOHCTPYKIIUS YCTPOMCTBA, PEryJIMPOBAaHUE BEJIMUUHBI TTEpe-
MyCKaeMOro pacxojia B KOTOPOW OCYIIECTBIISIETCS IPOCCEIbHOM 3aCIIOHKOM, YCTAHOBJICHHOM B
nepenyckHoMm TpyooripoBoe [2]. [Ipu moBopoTe ApoccenbHOM 3aCTOHKH 6 B CTOPOHY OTKPBI-
TSl TIOTOK BOJIbI M3 HAIOPHOTO TPyOOmpoBOAa 2 1O MepenycKHoi Tpyoe 4 mocTynaer B TaH-
TEHLIMAJIBHBIN MOJBOM 5 U Yepe3 CoIUla 7 MHXKEKTHUPYETCs MO KacaTeIbHOM K MOTOKY BO BCa-
ceiBatomield Tpyoe 3. Ilpu TaHTeHIMAIbHOM BO3ACHCTBUU Ha NEepU(EPUHHYIO YacCTh MOTOK
nepen pabounM KosecoMm 1 mprodperaeT MOMEHT ckopocTH K (3aKkpydnBaeTcs):
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[Tnomaap S BBIXOIHBIX OTBEPCTHH COMEN MOKET OBITh MPECTAaBIICHA B BUIC
S=z.bh,

/1€ Z¢ - KOJIMYECTBO COTIET;
h - BbICOTa COILIa;
b - ero mmpuHa.

Ha puc. 4 npencraBieHa KOHCTPYKIUS, B KOTOPOW pEryJIMpOBaHUE IEPEITyCKAeMOro
pacxojia OCYIIECTBIISETCS M3MEHEHHEM IUIOMIAAN S, 3a CYET BapbUPOBaHUS BBICOTOU A [3].
KOHCTPYKTHBHO 3TO OCTUraeTCsl MMyTEM BBINOJIHEHHUS OJHOM M3 HAIMPABISIOMIUX CTEHOK CO-
1a noAsrxHOU. [Ipu noBopore kosbla 1 ycuiane nocpeacTBoOM pelyaroB 2 U KpUBOIIMIIOB 3
nepesaeTcsl MOABMXKHBIM CTEHKaM 4 comen 5, KOTOpble Takke roBopauuBarorcs. [lmomans
BBIXO/IHBIX OTBEPCTHI COIEN YBEJIIMYUBAECTCS, UTO BJEUET 3a cO0O0M BO3pacTaHuE pacxoja Ie-
pernycKaeMoro moToka U yMEHbIIeHHe MmoAaun Hacoca. [IpoTuBoBec 6 CIy>KUT Jj1s BO3BparTa
KOJIbLIa | B MCXOJIHOE MOJIOKEHHE.

3a cueT yMEHbIIEHUS IOTEePh Harlopa B IPOTOYHOM YaCTH YCTPONUCTBA PETYJIMPOBAHUS
M0JIa4M y/1aeTCsl MOBBICUTH KO3(PPUIIMEHT UCTIONb30BAHUS YIHEPTHH TEPEyCKaeMoro noTokKa.
YMEHBIICHUIO THIPABINYECKUX TIOTEPh TAKXKE CIY>KUT PACIOJI0KEHUE BBIXOJHBIX OTBEPCTUIN
COIIeJN MOJI YIJIOM O K MPOEKLUHU OCH BCACHIBAIOLIETO TPyOOIpoBojia Ha ero 06oiouky. Co-
IJIACHO HCCIIeNoBaHmsIM [4] yron & Moxer GbITh BEIOpaH B mpeaenax ot 0 1o 20°.

B koHCTpyKIMH, cxema KOTOpOH H300pa)keHa Ha pHUC. 5, PeryjJupoBaHUE Ieperyc-
KaeMOI'o pacxojia TaKKe OCYIIECTBISETCS 3a CUET U3MEHEHMs BBICOTHI comen /. [lonblil nu-
auHap 1 ¢ oTBepCcTUAMHU, CyMMapHas IJIOMAAb KOTOPBIX paBHA IJIOLIAAN S BBIXOIHBIX OTBEP-
CTHI comen 2, UMeeT BO3MOKHOCTh MOBOPOTa BOKPYT CBOEH OCH, KOHIIEHTPUYHOI OCH Bca-
ceiBatouiei TpyOsl. [Ipu noBopoTe nunuHApa 1 MPOMCXOAUT YaCTHYHOE OTKPBHITUE BBIXOIHBIX
OTBEPCTHI COIEN, B PE3yJIbTaTe YBEIMUMBAETCS MEPEMYCKAEMbIN pacXo/ U YMEHBIIAETCS 10-
Jlaya HACOCHOM YCTaHOBKH.

B xoHCcTpyKIIMHU, N300pakeHHON Ha pHC. 6, peryIUPOBaHKE MEPEMyCKAEMOro pacxoaa
TaKXe OCYILIECTBISIETCS MPH MOMOIIM 1MoJioro nuianHapa 1. Ho B 1aHHON KOHCTPYKLIMHU IH-
auHAp 1 mepemernaercss BO3BPaTHO-NOCTYNATEIbHO, MEPEKPBIBAsl BHIXOAHBIE OTBEPCTHUS CO-



nen o mupuHe b. IlTok 2 coyxut mis ynpasnenus nuiauaapom 1. [lpykuna 3 Bo3Bpamaet
mwMHAp 1 B BicxonHoe (MepeKphIBalolee coIlia) MOJI0KEeHUE.

OnucaHHble YCTPOWCTBA PEryJMPOBAaHUs NOJA4YM MO3BOJISIIOT SKOHOMMTb, B 3aBUCH-
MOCTH OT peKHMa pabOThl HACOCHOM YCTaHOBKH, OT 5 10 20 % ayekrposnepruu [5].
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