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OCHOBHbIE OCODEHHOCTY NPyt paboTe PasIvyHbIX CUCTEM YrIpaBAeHs aBTOMAaTU3MPOBAHHbIX CTaHLm. CHopMynpoBaHb! KpUTepN 415

B8b160pa 3PPEKTUBHBIX KOHBUIYPALV CUCTEM YIIPaBNEHNS.

BBepeHue

B coBpeMeHHBIX YCIOBHAX Pa3sBUTUSA POCCHUCKON
SKOHOMUKHY ITPOTPaMMEI 3HepTrocOepeXeHIs ¥ paIiio-
HATBHOTO UCIIONB30BAHUS PECYPCOB HAYMHAIOT UTPATh
BEIVINYIO POJIb B YBETUYEHUN KOHKYPEHTOCTIOCOGHO-
CTH TPOAYKIHH OTEYECTBEHHBIX IPOM3BOMUTENEH.
CHiKeHMe ce6eCTOMMOCTH TI000T0 M3NE/HS 1 ITOBEI-
IIeHHe €T0 KayecTBa BO MHOI'OM CTAHOBSTCS Cephe3-
HBIMH 3adadyaMid IUT TpeINpHATHH, pabGoTaloImnx ¢
MOCTOSIHHBIM ~ TeUIHUTOM KBaTHGHITMPOBAHHOTO
MepcoHata U OTpaHNYeHHBIMA WHBeCTHITSIME. 11pu
STOM HabIIogaeTcsl YCTONUMBEIN POCT CIpoca Ha Co-
BpeMeHHBIe 3HeproaddeKTUBHEIE HWHCTPYMEHTHI MH-
TeHCHUDUKAIINN M ABTOMATU3AIINY TEXHOJOTHIECKHX
mporieccoB. Cpei HAIX MOXHO BBEIIETUTH Ipeobpaso-
BaTeld YacTOTH IUIA VIPaBIeHUS aCHHXPOHHBIMU
3NIEKTPOABUTATEISIMA.

Ha ceromusmHuii 1eHb MaccoBoe BHEIPEHHE CH-
CT€M YacCTOTHOTO PETYJIUPOBAHUS CTATO BO3MOXHO
Osarozapsi BRICOKHUM TIOKa3aTeNsIM 3HEprocOepekeHUs
Ha MeXaHH3MaX ¢ MepeMeHHBIM MoMeHToM. Ilpexie
BCET0, 3TO IIEHTPoOeXHbIe Hacochl. OHU ABISIOTCS 0C-
HOBHBIMH MeXaHWU3MaMH TIePBHUYHBIX U BTOPUYHBIX
KOMMYHUKAIIAH TIPOMBIIILIEHHBIX W OBITOBBIX 00BEK-
TOB. B 5TuX 06;1acTSX TaBHO Y3Ke MPOiaAeH IICHXOIOTH-
qecKuii Oapbhep BHEIAPEHHS HOBOTO ODOPYIOBAHWS.
IToBceMecTHOE HCIIOAB30BAHHE IpeoOpaszoBaTeseit
JacTOTHI HA HACOCHOM 000pYIOBAHNH TIOKA3AII0 CYITE-
CTBEHHOE BIHAHHE MHOXECTBa 0COOEHHOCTEH TEXHO-
JIOTHYECKUX CHCTEM M UX 3KCIUTyaTallui Ha BETUINHY
noaygaeMoro sddexra [1]. JomonmHUTeTBHO (QYHK-
IIHOHATBHBIE BO3MOXHOCTH TIpeodpa3oBaTeeli 4acTo-
TBI TIO3BOJISIOT TIOCTPOUTH HA UX 0a3e aBTOMATU3UPO-
BaHHBIE CHCTEMBI YIIpaBIeHUsI HACOCHBIMU CTaHIIHSA-
MU C TIOBBIIIIEHHBIM 3KCIUTYATAIIMOHHBIM PECYPCOM.
DTU CHUCTEMBI TIPEICTABISIOT OCOOBI HMHTEpec II0
MPUIMHE MUHHUMATBHBIX TEXHOJIOTHIECKUX TpeboBa-
Huii K HuM [1, 2].

[lenpto naHHON CTATBU SIBISETCA MOCTpOeHUE H-
(eKTHBHBIX CTPYKTYpP CHCTEM YIPaBIE€HHUS HACOCHBIX
cTaHui. J[iad 5Toro NpOM3BOIUTCS HCCaeTOBaHMe
BJIWSHUS OCHOBHBIX TEXHOJIOTHYECKUX M HKCILTyaTa-
IIHOHHBIX (haKTOPOB Ha paboTy COBMECTHOTO TPYIIIO-
BOTO VIIpaBjieHHs HacocaMu. J[OTIOTHUTENBHO aHATH -
3UPYIOTCS COBPEMEHHBIE TEXHUYECKUE PEIIeHUS CH-
CTeM YIIpaBIeHUS HACOCHBIX CTAHIIUI W KPUTEPUH X
BEIOOpA.

MpUHLMN paboTbl HACOCHOI CTAHLLUM

TexHomOrMIeCKas CXeMa ¢ HACOCaMH 3a9acTyIO SIB-
JISIETCS CHCTEMOM ¢ IMepeMeHHBIMH TTapaMeTpaMH, Ja-
ITle BCeTo pacxolla IMepeKaunBaeMoH XKUAKOCTH. B cBsa-
3 ¢ 3TUM HacocHOEe 060pyIoBaHNe TOMXKHO 00eCIer -
BaTh OIpeIeNEHHBIM pacXol TMepeKauuBacMBIX Cpe,
TPeoA0IeBast THAPABTNYSCKIE COTIPOTUBICHIS CUCTEM
TpyGomnpoBonoB. 1lpy yBeTWYeHNH IMUPHHBI TOJOCH
TpeGyeMoro pacxofia BO3MOXKHO MCIIOIb30BaHUe TPYIII
HapalIe bHO YCTAHOBIEHHBIX HACOCOB BMECTO OIHOTO
Gospioro. B aToM ciydae, MOAKTIOYAS M OTKITIOUAS
HeoOXomMMoe KOTMYECTBO HACOCOB, MOXHO 00ecTe-
YUTH TpeOYeMEBI YpOBeHD pacxoia B OINpeneNéHHBIA
MepUoI BpeMeHH. DTO pellieHhe JaBHO W3BECTHO U
MIOBCEMECTHO HCIIONB3YeTCS MpaKTHIECKH Ha BCeX
npennpuaTHax. Hacockl mpy 3ToM darre paGoTaioT B
30HaxX BEICOKoro rumpapimdeckoro KIIJI, a cucrema B
1eToM o0OmamaeT GOMBINed Ham€KHOCTBIO ¢ MO3HIIUAM
pesepBUpoBaHys. TaKoe IpYIIIOBOe YIIpaBleHe Haco-
CaMM B CTPYKTYpe CTAHIIWH TOIBEPITIOCEH CYIIECTBEH-
HOMY U3MEHEHMIO B TIPUBOMHOM YacTH ¢ MOSBICHUEM
COBpPeMEHHEIX TIpeoOpasoBaTeneil YacTOTHL

CoBpeMeHHas HAcOCHAas CTAHIMA — STO TpPYIIA
HACOCOB M WX CHCTeMa YIIpaBIeHHs, paboTaromias 1Mo
OTpefeIEHHOMY 3aKOHY B aBTOMATHIECKOM pEXMMeE,
obmamaromntas MOJTHEM HaG0pOM SJIEKTPUYECKIX U TeX-
HOJIOTMYeCKMX 3amuT. Ha puc. | mpuBeaéH mpuMep
GbYHKIMOHATEHOM CXeMBlI CTAHITMH BOIOCHAOXEHIS.
ITo Helt MOXKHO paccMOTpeTh MPUHIIAI PaboOTHI TPYII-
TIOBOTO VIIpaBlIeHMs HacocaMH. B 0CHOBe aBTOMATH-
JeCKOM paboTHI JIEXHUT MapallIeabHasd paboTa HacoCoB
Ha eIUHBINA BRIXOTHON KOJUIEKTOp B QYHKIMU TeXHO-
JIOTHIECKOTO TTapaMeTpa, B JAHHOM CIyJae JaBTeHMs.
Bce HacocH B rpyIme pa3BUBAIOT OAUHAKOBHIN HAITOP.
[lpy MsMeHEHNH TPOM3BOIUTENBHOCTH CHCTEMEI IO
OTKJIOHEHHIO H3MepsAeMOoil GU3MYecKol BeTHIMHEI
TPOU3BOANTCS ABTOMATHYECKOe BKITIOUEHME WIM OT-
KTIOUeHNe TOMOJTHUTEIBHEIX HacocoB. KommuecTBo
HACOCOB B peaTbHBIX CHCTEMAX BAPEUPYETCS OT ABYX J0
CeMU M OIpefeNseTcss ONTUMYMOM MeXIy 30HOH
KIIJ, nuama3oHoM pacxomoB IepeKauuBaeMBIX Cpel,
3aTpar Ha CUCTeMY YIIpaBIeHHs, TpeOyeMoH HaleKHO-
CTBIO W pesepBHpoBaHHeM. KOHTYp peryImpoBaHUs
TEXHOJTOTHIECKOTO MapaMeTpa IIOCTpoeH Ha 6ase Mmpo-
nopuroHantbHO-uHTeTpadbHOTO (IIM)-perynasaropa.
OcobeHHOCTh paboTHl CXeMBI HACOCHBIX CTAHITMI 3a-
KITIOYaeTCcs B TOM, 9TO B MOMEHT BKITIOUSHUS MM OT-
KITIOYeHMS TOTIOTHUTETBHEIX HACOCOB MPOUCXOINT
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6noxupoBKa pabotsl [IW-peryasgropa Ias CHIKeHHS
BETTMYMH CKAYKOB JaBIeHUS B TPyOOIIPOBOAE U OTCYT-
CTBHS JIOKHBIX KOMMYTAITHI 3JIeKTPOIBHUTATEIeH 10-
TOJTHUTETEHBIX HACOCOB.

TluTaromas ceTs OT ABTOMATHYECKUX BBIKITHOYaTenel
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Puc. 1. [lpumep QYHKUMOHANEHON CXeMbl HACOCHOW CTaHUMM

CUCTeMbl BOROCHaOXeHnA: 1) ruaponHeBMaTHyeckmsi
baK, «ruapoakkyMynaTop» ¢ 0bBA3KOA 1 NPefoxXpaHy-
TeNIbHbIM KNanaHomM, 2) AaTyvK [aBfeHus ¢ 00BI3KON,
3) 3anopHasg apmatypa, 4) obpatHbiv knanaH; 5) maro-
MeTp ¢ 06BA3K0H; 6) BrbpOKOMAeHcaTop, 7) npeobpa-
30BaTeNb 4acToThl; 8) HACOC, MPOTOYHAS 4acTb C 3/1eK-
TpoABuraTenem; 9) pene nasnexus

B cxeme Ha puc. 1 oTcyTcTBYeT BXOmHOM DHUIETP,
T. K. B GOJIBIIMHCTBE CHCTEM OH MPUCYTCTBYET Ha BXO-
Jie B BOIOMEPHOM V3/Ie WIN B CHCTeMe YUETa pacxoa
Boxbl. IIYHKTHpOM yKasaHBl 371eMeHTH CHIIOBOM 1 MH-
bhOpMaITHOHHOM 3TeKTPUIECKOM JacTH.

TunoBble KOHGUTYpaLMK cUCTeM ypaBneHus
HaCOCHBIX CTAHLMIA

PaceMoTpuM mompoGHee, Kakye peleHus Ipea-
TafoT BeAyIIre TMPON3BOINTENN HACOCHBIX CTAHITHI 1
CHUCTEM YIIpaBlIeHus Iid HuX [1]. B HOMeHKIaTypHBIX
pamax pasTUYHOTO HWCIIOMHEHWS MOXKHO BEIIETUTH
AT OCHOBHEIX CXeM IIOCTPOEHHS CHCTEM YIIpaBle-
HUS:

1. DnexTpomBWraTeId HACOCOB B CTAHIIMHU ITOIKIIO-
JafoTCs HAIPSIMYIO K CeTH depe3 myckarend. [Ipu
MOITHOCTH ABUTaTeneil Gomee 4 KBT 3amyck ocy-
IIECTBIAETCS 10 CXeMe 3Be3M1a,/TpeyrobHuK. KoH-
TYp PETYINPOBAHMS BHITONHEH Ha BHEITHEM KOH-
tpomwtepe. K HeMy Xe MomKmioyaeTcs JATIMK Oa-
BJICHHMS HATIOPHOTO M BCACHIBAIOIIETO KOIIEKTOPA,
a TakKe KaTYIIKY MycKaTeaei.

2. OmuH U3 HACOCOB B CTAHITMH MMEET BCTPOCHHEBIM
JeIeHTPATN30BaHHEIM TTpeoOpa3oBaTelb YacTOTEHL.
Kontyp perymmpoBaHus BEIOTHEH Ha Gase BHe-
mHero KoHTpotepa ¢ ITH-peryaaropoM, KoTo-
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PHIi M3MeHSeT TIPON3BOAUTETLHOCTD ITAaBHOTO Ha-
coca I10 IIuHe CBsI3u. 1lpy yBenmaeHUT TpebyeMo-
T0 Pacxola CHCTEMEI PETYIISATOP ¢ ITOMOIIIBIO BCTPO-
eHHBIX pelle KOHTPOTepa KOMMYTUPYET KaTYIIKA
IycKaTeeif TOMOTHUTETBHBIX HacocoB. [1pu Mor-
HOCTH SJeKTpoABHraTeneit Gomee 4 kBT samyck
TIPOU3BOIUTCS TI0 CXeMe 3Be3M1a/TPpeyTONbHIK.

3. Bce HacocH CTAHITMH WMEIOT BCTPOSHHBIE TPeol-
pasoBaTenn 4acToThl. KOHTYp peryiImpoBaHus BbI-
nostHeH Ha 6ase [1M-peryasaTopa omHOro U3 mpeod-
pasoBatenei YacTOTHL. Perymsrop mo enuHOM IHe
OCYITIECTRIACT MOMKIIOYEeHIE U OTKITIOUeHHE TI0-
YMHEHHEBIX TIpeobpasoBareleil JacTOTH, a TaKkKe
dbopMupyeT AT HUX 3aIaHNe CKOPOCTH BpaIlleHHU.

4. B cucteMe yIpaBieHUs IPHUCYTCTBYeT BHEITHUH
npeobpa3oBaTelb YacTOTHI, KOTOPHIM MMeeT Ho-
TOJHUTETBHYIO BO3MOXKHOCTE MEPeKTIOUeHIs Ha
MoG0I 13 BIeKTPOABUraTeIel HaCOCOB CTAHITUH C
MTOMOIIBIO KOMMYTAIIUY TTYCKaTeTeH CHIOBBIX BBI-
XOMHBIX Ietiei. KoHTYp peryInpoBaHus TaKXe BbI-
MOJMHEH Ha ero mporpamMmHoM I[IH-perymarope.
Karymky myckateneil MOTIOTHATETBHEIX HACOCOB
KOMMYTHPYIOTCS OT HECKOJNBKHX peJie Mpeobpaso-
BaTeNs 9acToTHl. [IpH MOIITHOCTH S/IeKTpOABUTATE -
nefi cBBImIe 4 XKBT mMoaKmTOYeHHe W OTKTIOYCHNE
JOTIOTHUATEIBHBIX ABUTATENEH OCYIIECTBIETCS 10
CXeMe 3Be31a,/TpeyrOIbHIK.

5. Bce snexTpomBHTaTeIM HACOCOB YIPABIAIOTCS OT
BHEITHUX ITpeobpasoBaTeaeit acToThl. KoHTYp pe-
TYIMpOBaHMs BEITOTHeH Ha 6ase ITHU-peryaaropa
OHOTO M3 TpeobpasoBarenell gacToThl. Perymarop
OCYITIECTRIACT MOMKIIOYEHIE U OTKIIOUeHHE TI0-
YMHEHHBIX TIpeobpaszoBaTeleil 9acTOTHI, a TaKkKe
Mo eIMHOM IMMHe (GOPMHUPYeT I HUX 3aiaHue
CKOPOCTH BpalleHHS].

B npeammcanny K mogbopy CTaHIMI YKa3aHo, 4TO
BBIOOp TOTO WIM WHOTO THIIA CHCTEMBl YIIpaBIeHHS
CBSI3aH ¢ MHOXKECTBOM TpeGOBaHMEM CO CTOPOHEL TeX-
HOJIOTHYeCKOTO Tmporecca. C MO3UIMN MPOU3BOIHUTE -
JISI CTAHITWI TIpY TIepeTiafiaX JaBIeHNS BO BCACHIBAIO-
meM Tpybomposoze He MeHee 100 kI1a pekomMeHmyeTcs
YCTaHOBKA CHCTEM C HACOCAMMY YIIPABIIEeMBIMHI TOJTBKO
OT IpeobpasoBareneil yacToTHl [ 1, 2]. BToMy yeroBuio
COOTBETCTBYIOT KOHGbHUTYpaIuu 3 5.

CxeMHl 1 1 2, o0ecIeUnBaroIye IPSIMBIE 3aIIYCKH
HACOCOB, CO3MAlOT 3HAYMTEIbHBIC CKAUKM NABICHWS,
TAApOyAapH B cucTeMe. ClieqoBaTeIbHO, UX IPHMEHE -
HH€ BO3MOXHO TOJIBKO IIPY HATMINK THAPOIIHEBMATH -
JecKrX 0aKOB IOBHIIIEHHOTO ITOTPeOHOTO 00bEMA B
HAIIOPHOM CTOpPOHE CTAaHIIMU. DTO B CBOKO OYepelb
BO3MOXKHO B HEOONBIINX CUCTEMAX, IJe 00bEMBI OAKOB
He IpeBBImaoT 1 M°. B cucTeMax ¢ TpeOyeMBIM 00JIb-
M 00BEMOM 0AKOB YPOBEHB 3aTpaT IPEBEIIIAET IIep-
BOHAYaTbHEIE MHBECTHIIMM OT BEIOOpa Oosiee (DYHK-
IIAOHATBHBIX KOH(QUIYpai CTAaHITA 3 Win 3.

Kondurypaims 4 cxeMbI CHCTEMBI YIIPaBICHI pe-
KOMEHIeTCsI TP MCTIONB30BAHMH ITATH YT IIeCTH Ha-
COCOB B CTaHIIMM. Takoe KOTMYeCTBO YBETUIMBACT Be-
POSITHOCTD JTUTENBHOTO TIPOCTOST HEKOTOPHIX M3 HHUX.



SHepreTrka

Yarre Bcero 3To pe3epBHEIC HACOCH. B WX mpoTogHON
JACTH TIPY HATHINH PACTBOPEHHOTO BO3MYXa B XKIIKO-
CTH aKTUBHO WAYT Ipollecchl Kopposur. OHM 3aTpary-
BAIOT KOHTAKTHEIE 30HHI pabodero Kojeca, YIDIOTHEHUH
u ymutky. 1leneBas Kopposws co BpeMeHeM IIPUBOIUT
K TOMY, 9TO IIpH BBEIXOZE M3 CTPOSI OCHOBHBIX HACOCOB
TIPOMCXOINT 3aITYCK PEe3ePBHEIX ¢ 3aKTHHEHHBIM BATIOM.
CucTeMa o aBapry OCTaHABINBAETCS TOTHOCTRIO. [o-
XOXWIf pe3ysTaT HabmromaeTcs Mpy ITATeTEHOM TIPO-
cToe BeKTpomBuraTesd. T K. B IIOMEIIEeHUSX CTAHIIH
TPYOOIPOBOIEL 3aYACTYIO He N30IMPOBAHE, TEMIIEPATY-
pa Ce30HHO MEHSETCs, B 3MeKTPOABUTATeNTe CKAILTHRA-
eTcs Biaara. Co BpeMeHeM 3TO BeAET K CHIDKEHHIO TIPoY-
HOCTH M30JIIIMHN ¥ KOPPO3HH TIOABIDKHBIX JacTel Ma-
muHEL [Ipy 3amycke Hacoca B TAKOM IBUTATENe BO3-
MOXHO 3aKTMHHBaHHE POTOpa, JU60 BEIXOI M3 CTPOS
obMoTKM cTatopa. UToGH paBHOMEPHO 3aTpy3HTh BCE
HACOCH BO BpeMEeHH, BKITI0Yas pe3epBHEIe, KoHDUTYpa-
IIUSI CXEMBI VIIPABIEHMS CTAHIM 4 TO3BOLIET Tepe-
KJTIOYaTh BEIXOIHBIE IIETH IIpeobpa3oBaTesNsd JacTOTHI
HAa pa3HEble JMeKTPOIBUTATEN.

[TpobneMbl WIUTENBHOTO MPOCTOS HAOMIOMAIOTCS B
CHCTEeMaX CTAHIIMU MOXAPOTYIIEHNUS, T¢ HacOChl ATN-
TEJIBHOE BpeMs HAXOMITCA B pexXnuMe oxuaanus. [Tpu nx
3aIycKe, MO YKa3aHHBIM BBIIIE TIPUIAHAM, TIPOUCXOIUT
OTKITIOYEHHE aBTOMATMIECKOTo BhIKTIouaTeNst. Bo n30e-
JKaHWE 3TOTO, TOMUMO KOPOTKUX 3aITyCKOB TI0 TaliMEpy,
JUTSI TAaHHBIX CHICTEM CYIIIECTBYET CIIeIMaTbHast KOHDUTY-
pars. OHa MMO3BOMET TIABHO 3aIlyCTHTh HACOC 1 CHU-
3WTB IMYCKOBBIE TOKW, YMEHBIIIAsA BEPOATHOCTE OTKITIOUE-
HUS aBTOMATHYECKMX BhIKTrouatenelt. Eciu yeTrpoiicTo
TTABHOTO TTycKa He 00ecTieunBacT TpeOYeMBIl MyCKOBON
MOMEHT 37EKTPOJBUTATENSA, TO MO UCTCUCHUH BPEMEHHU
3a[IepPXKKH yepes IYHTHPYIOIINH KOHTAKTOP TPOU30HAET
TIPAMOM 3aIIyCK.

0606LEHHBIE CTPYKTYPLI CUCTEM YNpaBneHus
HaCOCHBIX CTaHLMIA

VkaszaHHEIe KOHMUTYpallK cxXeM MOCTPOSHHS CH-
CTeM YIpaBIeHus paboTOCIIOCOGHE! A7IsI TOTOBBIX HACO-
CHEBIX CTAHIIUH ¢ eIMHIIHOM MOIITHOCTBIO 3IeKTPOABU-
rarensa o 30...45 xBr. [Ipaktidyecku 310 Ipemen IId
GOJBIIMHCTBA OOIIENPOMBIIIIEHHBIX CHCTEM IIPU pa-
6oTe CTAHIVI B ABTOMATHYECKOM PeXUMe ¢ TIPSIMBIMU
IIYCKAMH Ha OTKPHITYIO 3aABIKKY. OO6Imas GyHKIHO-
HaJbHASA CXeMa TAKUX CHUCTeM YIIpaBleHHUs MpUBeaeHa
Ha puc. 2. JlantpHeliInee yBeIudeHue rabapuTa HacOCOB
U eMHIYHOM MOIIHOCTH 3JIeKTPOJBUTATENEeH HACOCOB
B CTAHIIUAX OMpeesieT 3HAUNTEIbHEIE OTINIMS B CXe-
Max YIIpaBIeHUs OT YKa3aHHEIX BHIIIe KOHPUTYPAIIHIA.

OGIePOMBIITITEHHBIE HACOCH ¢ MOIITHOCTEHIO 276K~
TPOABHTATEIS CBHIITIE 45 KBT pakTHYecKy BeeTna 3ary-
CKAIMCh ¢ TIOHIDKEHHBIM MOMEHTOM Ha 3aKpHITYIO 3a-
JBIKKY W TpeOOBAIH MOCTOSHHOTO OOCTYXUBAHWA U
MOHUTOPHHTA CO CTOPOHBI TeXHIIeCKUX cIyX0. CoBpe-
MeHHEIe TpeGOBaHMA K ABTOMATH3AITIMH HACOCHBIX CTAH-
IV He TTO3BOJITIOT B TIOTHOM Mepe pacTpOCTPaHNUTh MH-
POBOH OITBIT Ha OTeYeCTBEHHBIE IPOMBIIITIEHHEIE 00BeK-
THL [IprInH 3Mech MHOTO M CBS3aHBI OHU OOJBITE ¢ BO-
TPOCAMH OTHOCHTETBHO HM3KON OKYIIAeMOCTH TIOTHBIX
TPOEKTOB PeKOHCTPYKIMH. IlosToMy B mampHeHIIeM
HMEET CMBICIT PACCMATPHBATD ABTOMATH3AITHIO HACOCHBIX
CTAHITAIA ¢ TIO3HIMI MOIEPHH3AIMH IPIBOTHOMN YaCTH 1
KOHTPOJBHO-U3MEPUTETBHOTO 060PYIOBAHIIS.

Kax yxe GBUTO cKazaHO, MO TPUIMHE HEBO3MOX-
HOCTH 3aIlyCKOB HAa OTKPHITYIO 3aIBILKKY BapHUaHTEHI
KOH(MUTYpaIllii cXeM CHCTeM yIpaBieHus 1, 2, 4 He
MOTYT GBITh UCTIONB30BaHEL. Hambomnee momyasgpHas u
GromkeTHAs KOHMUTYpAITHs CUCTEM HATIOMHHAET CXe-
My 4 ¢ mobaBIeHHeM B He€ TUPHCTOPHEIX YCTPOMCTB

HI/ITaIOIlIaH CETh OT ABTOMATHYCCKHX BEIKIIOUATCICH

Bremmnee 3a1anne Cocrosane MX

_____________________________ 1
Pexcrvbr paGore Cocrosane M3 !
41 4 I
OGpartsble CBA3N Cocrosaie M2 :
—La__
O6ras |r -I
mmearencii | BIIOK biok | baox
BBIGOpA | |
HaCOCOR 3almT 3aliuT I 3almT I
B CTAHIHH L1
| | 1
1
baok KOMMYTAallW BBIXOIHBIX HCHCﬁ
T
v
1
&4
s
Ml I MX1
\ U
~ ’

-

Puc. 2. QyHKuMOHaNbHaA CXeMa CUCTEMbI YPaBIEHNS HACOCHOM CTaHLMK € OQHUM nipeobpasosatenem dactorsl: M1, M2, M3, MX =
ACHUHXPOHHbIE SNIEKTPOABUIaTeN HacoCoB B cTaHuum, 114 1 — npeobpasosatesnis 4acToTh!
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IInTaromas ceTh OT aBTOMATHYECCKIX BRIKIIOYATEICH
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Puc. 3. QyHKumoHanbHas cxema CUCTEMbI YrPaBIeHNS HaCOCHON CTaHLMW C OOHUM npeobpasoBaTenem 4actoTel M yCTPOVCTBaMy
nnasHoro nycka: Y111, YT 2, YT X — TuprcTopHble yCTpoycTBa MaBHOro fycka

IJIABHOTO 3allycKa M OCTAHOBa 3JIEKTPOIBHTATeNcH
MOTYMHEHHEIX HACOCOB. DTO obecmeunBaeT X Oesy-
JapHBIH 3aITyCK M OCTAHOB Ha OTKPHITYIO CHCTEMY TPY-
6omposono. OyHKIIMOHATEHAS CXeMa 3TON KOHGHTY-
paIuH IMpHBeAeHa Ha puc. 3.

CienyeT BBIIETUTH €I1I€ OMWH BapHaHT peIleHHs,
KOTZa BBIXOJHBIE IIeMH ITpeobpa3oBaTens YacTOTh MO-
TYT OBITh COEMUHEHBI C 3JEKTPOABUTATEIEM KaXIOTo
MOJYMHEHHOTO HAcoca 4epe3 JNOMONHUTENbHEBIE ITy-
CKaTelnu. DTO TIO3BOJISET OCYIIECTBIATh MEPEKTIoue-
HHE YacTOTHOTO NPUBOIA Ha TH000H U3 IeKTpOIBUTA-
TeJel CTaHIMHM, 4TO odecledmBaeT OeclepeOoHHYIo
paboTy CHCTEMBI TIPH BHIXOJE M3 CTPOs JI000T0 HACO-
ca, a TAKXXe YpaBHHBAET BO BpEMEHH UX 3arPpy3Ky C YBe-
JTUYeHHeM pecypca Bceid cxeMbl. Cpemu HemoCTaTKoB
9TOTO PEIleHHS MOXHO OTMETUTh POCT KOJMYECTBA
MycKoperyIupyrolier annaparypbl. HaunHas ¢ moli-
HOCTH syekTpoxsuratens 6orzee 90 kBT sTo Mano
OTIPaBOAHO U BEAET K YBEJIMUESHHUIO 3aTPAT B 00CTYXH-
BaHWHM M 3Kciutyatanuu. [TosToMy Npu eAMHWYHOM
MomHocTd cBhime 110 kBT menecoobpasHa cxeMma
KOHGUTYpallid 5 CHUCTeMBl YIpaBIE€HHUS CTAHITHEH,
KOTZa Ha KaxKAbIH 3JIeKTPOIABUTATeNb YCTAHABINBAETCS
CBOI1 Mpeodpa3oBaTesNb YaCTOTHI.

OYHKITMOHATBHAI CXeMa TaKOH CUCTEMEI YITIpaBe-
HHS HACOCHOM CTaHIIMEH IMpuBeleHa Ha puc. 4. Dd-
¢heKT OT OMHOIM CKOPOCTH BpAIIeHMs BCEX HACOCOB MO-
XKET UMeTh AoroiaHuTensHo a0 10...12 % ot obuero
BKJTama B sHeprocOepexkeHre. [IprmynHa 3aKTiodaeTcs
B TOM, YTO OTCYTCTBYIOT TIOTePH TABTEHHUS B BEIXOTHOM
KOJUTEKTOPE M3-3a PasTNUHBIX CKOPOCTEH IIOTOKOB Tie-
peKaumBaeMol cpesl OT HacocoB B rpyme. [Ipu sTom

116

IIPOMCXOJNT CYIeCTBEHHOE CHILKEHUE 3aTpar Ha 00-
CIYXUBAHME W SKCIUTYyATAIINIO CAMOM CHCTEMEI YIIpa-
BIIeHUs cTaHIue. MoxXHO obecrieqnTs BEIOOD JTH000-
I'0 HacOCa B Ka9eCTBE OCHOBHOTO 063 TPOMO3IKIX CXeM
KOMMYTAIIMY BEIXOAHHIX IIeTIel U B aBApHIHBIX CUTYa-
IIMSIX 110 BEIXOAHEIM IIETISIM TIpeo0pa3oBaTe/s YaCTOTE
OCTaBUTH KOHTYP PETYIUPOBAaHUA B padoTe Ha OPYTHUX
Hacocax. BEIOOp 9acTOT, IIpH KOTOPEIX IIPOM3BOAMTC
IUIABHBIN 3aIYCK, OCTAHOB 1 PeryINpOBaHNe CKOPOCTH
BIEKTPOABUIATEICH IOTIMHEHHBIX HACOCOB IIPOM3BO-
quTcs 1Mo 30HaM MakcumanbHoro KIIJI Hacocos, ¢
VIETOM IOIYCTUMOIO KOJMYECTBA 3aIlyCKOB B Yac
BIEKTPOABUIATEICH W JOMYCTHMOTO M3MEHEeHMs 1a-
BIIEHHS B CUCTEME TPYOOIIPOBOIOB.

CymecTByeT elé ofHO TeXHUYECKOe pelleHue CH-
CTEeMEBI YIIpaBlIeHusI HACOCHOM CTaHITel Ha Gase Tpe-
06pa3oBaTebHOM TeXHUKU psAOa MpOHU3BOAUTENCH.
IpeoGpasoBarenb YaCTOTHI CO CIIETHATBHON YHKIAEH
VIIPaBIeHNS TaKXe peryIupyeT MPOM3BOAUTETBHOCTD
OIHOTO U3 HacocoB. [1py MpeBRIeHUH €T0 TIPOU3BOIM-
TETBHOCTH CBEPX YCTAHOBIEHHOTO YPOBHS, Tipeobpaso-
BaTelIh YaCTOTH 00eCIIeunBaeT CHHXPOHU3AIINIO BXOM-
HOTO W BEIXOTHOTO HAIIPsKeHHMS 110 dase U aMILTATYIE.
[Mocre cuHXpoHM3AYN OGeCIIeINBACTCS MYHTHPOBA-
HIE Ipeobpa3oBaTels ¢ IPSIMBIM MOIKTIOYeHIEM SIeK-
TPOIBUTATET Ha MHUTAIOMYI0 ceTh. CHHXPOHM3AITHS
obecTeunBaeT CHIXeHME GPOCKOB TOKa IIPUMEPHO IO
VPOBHS ITYCKOBBIX ¢ 60JTee KOPOTKHM IIEPHOAOM BpeMe-
HU. 3aIlyHTHPOBAHHBIA MpeoOpasoBaTedb YacTOTHI C
TIOMOITIBIO KOMMYTAITAY BEIXOMHEIX ITeTlel epeKiToda-
€TCs1 Ha CSOYIONTIH 3MeKTPOaBUTATeNb. I1pH 3TOM BTO-
POIf HACOC CTAHOBUTCS PETYINPYEMBIM.
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Jlamee 5TOT ABUTaTeNb TaKKe MOXHO BHIBECTH HA
MAaKCHMATBHYIO TIPOU3BOAUTENBHOCTD U MIePEKIIOUNTh
Ha ceTh U T. . OTKII0OUeHHe JBUraTeNeil CTAHIINY IPO-
HCXOOUT B 00paTHOM mopsake. JaHHAd cxeMa MMeeT
PSI HEJOCTATKOB, TAKKMX KaK IOBBIIIEHHEIE TIepBOHA-
YalbHBIE W SKCILTyaTAllMOHHEIE 3aTpaThl Ha TyCKOpe-
TYIHUPYIOLIYIO allIapaTypy, a TakKe 0UeHb HU3KYIO Ha-
JEXHOCTB CAMOTO CXeMHOTO pellleHus. Mes cxeMBl ¢
CUHXPOHM3aTOPOM 3aMMCTBOBAHA M3 CHUCTEM 3aIlycKa
MOIIHEIX CHHXPOHHEIX JBUTraTeleil. PasMeprl MHBe-
CTUIINH K CPOKY OKYIIAEMOCTH B TAKHX CHCTEMaX Orpa-
HUYHBAIOT KOTHIECTBO €AUHHUII Ipeodpa3oBaTeIbHOM
TexHuKHd. [TosToMy cXeMa WCIONB3YeTcsl B CHCTEMAX
HACOCHEIX CTAHIINH ¢ 3JeKTPOABUTATEISIMU HAIpsIKe-
HueM 6oinee 1 kB.

CHcTeMBbl HACOCOB ¢ BCTPOSHHBIMH ITpeobpa3oBa-
TeJSIMHA 9aCTOTHI ¢ MO3UIMHU OecriepeOOorHON padoThl
MOTYT IOTPeOOBATh UCIONIb30BaHNE NOTIOIHUTETBHbIX
Pe3epBHBIX HacocoB. B ciyyae BBIX0Ja U3 CTPOS TaKo-
o Ipeodpa3oBaTeIst YaCTOTHI He YIAETCS OCTABUTh Ha-
coc B pabote [3].

Pe3yn bTaTbl NCCNIeAOBaHNA

ITo pesyabraTaM WCCIETOBAHHSI MOXHO OTMETHTH
CYITIeCTRYIOMEee MHOT00Opa3e KOHGHUIYpAIHii cXeM
CHCTEM VIPaBIeHMS aBTOMATH3UPOBAHHEIME HAco-
CHBIMH CTaHITWSAMH. DKOHOMUYECKHE IIPEOTOCHUTKY
IpH MOAEPHU3AIMH IPHBOTHOM YacTH HACOCHBIX
CTAHITMI BEAYT K ITOCTOSHHOMY YBETHYSHUIO KOTHYIe-
CTBa peobpa3oBaTeIbHOM TeXHUKY. 11pr 5TOM Bospa-
CTaeT MOTpeGHOCTD B NETIeHTPAT30BAHHOM 3aIlIUTHOM
UCITOJHEHNH TIpeobpasopaTelell gacToThl. CHcTeMa
VIpaBIeHNs, MMOCTPOeHHAsd Ha TaKHMX IpeobpaszoBa-

TEJISX, TI03BOMISAET OTKA3aThCS OT TabAPUTHBIX 3TEKTPO-
MOHTaXHBIX IMMKa(OB WIN TOATOTOBICHHEIX MOMeIIe-
HUI, TpUOIU3UTh Mpeobpa3oBaTelb JacTOTH HEIO-
CPEICTBEHHO K 3JICKTPOABUTATENIO U CHU3UTH TIpobie-
MBI ¢ BJIEKTPOMATHUTHOM COBMECTHMOCTBIO, TIOTePSMMU
B 00MoTKaX. JIOTIONHUTENBHO MOCTUTAeTCS MAKCH-
ManbHBEIN 3(deKT 0T sHeprocOepekeHUs MpU MUHM-
MAJBHBIX 3aTpaTax Ha peKOHCTPYKIIUIO ¥ MOHTaX.

Tabmnuua. PesynbTaTel cpaBHeHWs 0BOBIUEHHBIX CTPYKTYP Cy-
CTeM yNpaBreHns HaCOCHBIX CTAHLMM 110 OCHOBHbIM

nokasaresiaMm

CxemMa
Puc. 3

OCHOBHbIE NoKa3aTenu

Puc. 2 Puc. 4

OTHOCUTENbHAA BENMHMHA nepeso-

Ha4anbHbIX MHBeCTMHMﬁ, % 4 68 100

OTHoCUTeNbHbIe 3aTpaThbl Ha K-
cnnyaTaumio TeXHONOTMYECKON Ya- 100 60 50
T cTaHumm 3a 5 net, %

OTHoCUTeNbHbIe 3aTpaThbl Ha K-
cnnyaTaumio CrcTembl ynpaBneHus 100 83 56
CTaHumen 3a 5 net, %

OTHocuTeNbHas 3HeproaddekTnB-

HOCTb (NpAMoi achdekT), % 8 82 100

OTHocuTenbHas 3deKTMBHOCTL,
TOYHOCTb, Crell. PyHKLMM (KoCBeH- 80 85 100
HbI 3hbekT), %

PekomeHyeMbli AyManascoH MoLL-
HOCTEI 3MEKTPOABUraTENEN HACo-
COB B CTaHUmu, KBT

0,37..45(90%*)|30..110{75..500

PekoMeHayemoe KONMYECTBO Haco-
COoB, WT

*B ckobkax YKa3aHa MOWHOCTb A719 BaphaHTa CXeMbl CUHXPOHU-
3auyuuy C cetbio

2-5 2-4 | 3-4
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[TonydeHne eIMHOTO WHTETPATBHOTO TOKA3ATENI
3(hheKTUBHOCTH BHEIPEHUS PACCMATPHBACMBIX CXeM
TPEICTABISIETCS CIOXHOM MHOTOKPHTEPUATEHON 3a-
nadet. JIndg Kaxmoit CUCTeMBl TPOU3BOMUTCS VHIKATb-
HEBIN TEXHUKO-9KOHOMAYeCKIH aHatn3. TeM He MeHee,
BO3MOXHO CPaBHUTH OTHOCHTEIBHEIE TIOKA3ATE/H 3aT-
par u st dexTUBHOCTH MeXny cxeMamu. s 3Toro
PaccMaTPUBAIOTCI CUCTEMBI YIIPABISHHUS TSI MOIITHO-
CTe# BIEKTPOABUTaTeIel HACOCOB OT HECKOJNBKUX JIe-
ciatkoB 10 500 kBt KonnuecTBo HACOCOB B CTAHLIUKN
COCTABSIET OT TPEX M0 YeTHIpEX eawHMI. Ilpm 3THX
VCITOBUSIX OCHOBHEIE OTHOCHTETBHEIE TIOKA3ATETH 3aT-
pat 1 5P heKTHBHOCTH MEXKIY CXeMaMH B paccMaTpH-
BaeMBIX TUaTa30HaX PUOIU3UTEIbHO TIOCTOSHHEI [4].
PesynbraTel cpaBHeHMS IpHUBeNeHE B Tabmuie. 3a 100
% saTpaT IpUHUMAIOTCS MaKCUMAIbHEIE 3aTPaTHL Cpe-
TIM pacCMAaTpHUBaeMBIX CXeM IS YCIOBHOM OMHOM 1 TOM
Ke craHnui. 3a 100 % otHocHuTenbHON 3(QdeKTUBHO-
cTH GepéTcs TaKkKe MaKCUMATbHAS BeTHIMHA.
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Hcnonpsys maHHBIEe TAGMMITEL, MOXKHO COETATh BEI-
BOIBI 0 HATMINH OITAMATBHEIX IUANA30HOB 5 heKTHBR-
HOTO HUCTIONB30BaHMS PACCMATPUBAEMEIX CTPYKTYD. JIs
SIEKTPOMBUTATEEH HACOCOB MATBIX M CPEIHIX MOIITHO-
cteii go 110 kBt 6o7tee ahpeKTUBHEL CTPYKTYpEI, PIC. 2,
3. Ilpn manbHEeHIIEM YBETUIESHUH SIMHIIHOM MOIITHO-
CTH »IeKTPOABHUIATeNel ONpaBIaHO HCIIONb30BAHNE
CTPYKTYPHI, prc. 4. B peKoMeHIyeMoM IHana3oHe Iucia
HaCOCOB COOTBETCTBYIOMIAA CTPYKTYPa TTO3BOJISIET 00ec-
TIeYUTh MaKCUMATBHEIA 5 GheKT ¥ MUHAMATBHBIE 3aT-
patel. B uTore ¢ ucxomHol mHbOpMAaIrel Mo KOHKpPET-
HOM HACOCHOM CTAHIMMU CTAHOBHUTCS BO3MOXKHEIM OBI-
CTPO TIPOU3BECTU KOPPEKITHIO YPOBHS MOMyIaeMoro 3¢-
dbexTa 1 3aTpar B TEXHUKO-3KOHOMHIECKOM 000CHOBA-
HUM MOIEPHM3AIIMN CHCTeM yrpaBieHWs. Kaxmas w3
TPEX CTPYKTYP MMEET CBOIO OGIACTb IPUMEHEHUS U ¢
VIETOM TIPUBEAEHHBIX PeKOMEHMAIINN TMO3BOJIAET BHI-
OpaTh ONTUMATBHYIO KOHGHMIYPAIIMIO CHCTEMEl YIIpa-
BIICHHS TIPY aBTOMATH3AIINH HACOCHBIX CTAHITAH.

4. Tocusexmit U.B., Ipunenko K.I', Yeppakos B.JI. Pecypcocbepe-
rajofiee YIpaBJIeHne HMeKTPOIPHBOIAMH HACOCOB CUCTEMBI KOM-
MyHaJIbHOTO BofocHabxkeHws // 1lpolieMbl aBToMATH3APOBAHHO-
ro snmektpomnpusona. Teopust u mpaktuka: Becrank XITIY. — 1998.
—C.237-238.
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AUATHOCTUPOBAHWE MEXAHWUYECKOTO COCTOAHNA KONINEKTOPHO-LLETOYHOIO Y31A
BbICOKOCKOPOCTHOW 3MIEKTPUYECKOM MALLIMHbI B MPOLIECCE PECYPCHbIX UCMbITAHUIA
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PaccmMoTpeHb! BONPOCH! ONPEENeHIs MEXAHUYECKOTO COCTOSHIS KOTEKTOPHO-LETOYHBIX Y3/108 B AMHAMAHECKMX PEXMMAX C IPpYMe-
HeHviem paspabotarHbix 8 TITY MeTonumk obpaboTKy pesynbTaTos U3MEPEHIM, MOMYYEHHBIX C MCONb30BaHNeM DECKOHTaKTHOrO npo-
punomerpa. [NpyBeneHsi pesybTaTbl IKCIEPUMEHTAbHBIX MCCTEN0BAHA MEXAHUYECKOrO COCTOSHYSA KOMIEKTOPHO-LLETOYHOIO y3/1a
SMEKTPOABUIaTENS NEPEMEHHOIO TOKA B MPOLIecce HapabOoTKV Ha PECYPC, MPOV3BENEH aHa N3 SKCIEPUMEHTAbHBIX AaHHbIX, BbipaboTa-
Hbl PEKOMEHIALMM 10 YIYHLIEHMIO YCIOBUY TOKOCKEMA B CKOMb3ALIEM KOHTAKTE 1 YBEMMYEHIIO PECYPCa LLETOK.

[ToBEIIIeHNE KOMMYTAITMOHHON HATEeXHOCTH U pe-
Cypca COBPEMEHHBIX BEICOKOCKOPOCTHEIX KOJLTEKTOP-
HEIX MAIlIMH BO MHOTOM OIIpeAensIeTCs MeXaHHUeCKOMA
CTAGHUIBHOCTBIO BIEKTPHUYECKOTO CKOIB3SIIET0 KOH-
takTa (CK). Omnako noseaenne CK B quHamMuke He-
JOCTATOYHO M3YUEHO B TEOPETHUECKOM M SKCIIepH-
MEHTAJIBHOM IITaHE BBHUAY CIOXHOCTH IPOTEKAIOIIHNX
MIPOIIECCOB, 4 TAKXe OTCYTCTBUS CIIEIMATBEHBIX M3Me-
PUTETBHEIX CHCTEM M METOAUK 00pabOTKU H3Meps-
eMoit mHpopMaIun [1—4].
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Llenpro TpoBeNeHHBIX UCCIETOBaHMN OBLTA Arpo-
Garmsa pa3pabGoTaHHEIX B TOMCKOM TIOTUTEXHHIECKOM
yaupepcurete (TIIY) MeTOIMK, TO3BOJISIOIINX BBIIE-
JIITH MHTEPECYIONIYIO pa3paboTIMKOB KOTEKTOPHEIX
SIIEKTPIIECKUX MAIIIH WHGOPMAITHIO 00 N3MeHEHUN
npodmId KoJeKTopa B Ipollecce SKCIUTYaTalldH, O
BeIMYMHE W XapaKTepe BHOpaIlWii sKops, a TaKXe 0
JPYTUX MeXaHMIeCKHX TapaMeTpax M3 BCeTo MacCHBa
PEe3YIETaTOB M3MEpeHMH, MPpOBeIeHHBIX ¢ TpUMeHe-
HUeM OecKoHTaKTHoro mpodmaoMerpa. Ha ocHobe



