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[MpovizseneHa CUCTEMATH3aLUMS 1 CPABHUTENBHBIN aHAIN3 CXEMHBIX PELLIEHMI CUCTEM yNPaBIIeHNs HAaCOCHBIMM CTRHLMAMMY. [IprBeneHs!
OCHOBHbIE OCODEHHOCTY NPyt paboTe PasIvyHbIX CUCTEM YrIpaBAeHns aBTOMAaTU3MPOBAHHbIX CTaHLm. CHopMynpoBaHb! KpUTepUM Ans

B8b160pa 3PPEKTUBHBIX KOHBUIYPAL CUCTEM YIPaBNEHNS.

BBepeHue

B coBpeMeHHBIX YCTOBHSX PA3BUTHSA POCCUMCKOM
SKOHOMHUKH ITPOTPaMMEI SHEPTOCOEPEXEHHA U PaLIO-
HaJBHOTO UCIIOJIb30BAHUS PECYPCOB HAUNHAIOT UTPATE
BEIYILIYIO POJb B YBEJINYEHUN KOHKYPEHTOCIIOCOOHO-
CTH TPOAYKIMM OTE€YECTBEHHBIX MPOU3BOIUTENEH.
CHukeHMe ce0eCTOMMOCTH JI000T0 U3AEINS U TTOBBI-
LIeHUe ero KavuecTBa BO MHOTOM CTAaHOBATCS CEphE3-
HBIMHM 33Ja4aMM 14 TIPEANpPUATHH, pabOoTAIOLINX ¢
MOCTOSHHBIM  IeULMTOM KBATUGHIIUPOBAHHOTO
MEePCOHANa U OTPAHUYECHHBIMU WHBeCTALIMSIME. T1pu
3ToM HabmoaaeTcd YCTOWUMBBIA poOCT cIipoca Ha Co-
BpeMeHHBIE SHEPTo3(GHEKTUBHBIE MHCTPYMEHTH MH-
TeHCUGUKALIMN W aBTOMATU3ALMY TEXHOJIOTHIECKUX
mmpotieccos. Cpein HAX MOXKHO BBIICTUTH Npeobpazo-
BaTeIW YACTOTHI I YIIPABJIEHUS ACHMHXPOHHBIMHA
SNEKTPOABUTATEAMHU.

Ha ceropusmnmii jeHb MaccoBoe BHEApEHME CHU-
CTEM YacTOTHOTO PETYIMPOBAHUS CTAT0 BO3MOXKHO
Garozaps BEICOKHMM TNIOKA3aTeNIM SHEProcOepekeHI
HA MEXaHM3Max ¢ IepeMeHHBIM MoMeHToM. [lpexne
BCET0, 3TO LEHTPOOEKHBIE HACOCHL. OHU ABISIOTCS OC-
HOBHBIMW MEXaHW3MAMMW TIEPBUYHBIX M BTOPHYHBIX
KOMMYHMKALIMH TTPOMBILITEHHBIX U OBITOBBIX 00BEK-
TOB. B 9THX 061aCTAX JABHO YXe ITpORIEeH IICUXOI0TH-
YecKHMH Oaphep BHEApPEHHUd HOBOIo 00OpYIOBAHMA.
ITorcemecTHOE WCMomb30BaHME TpeobpaszoBareieit
YaCTOTHI HA HACOCHOM 000PYIOBAHHH TI0KA3ATIO CYLIE-
CTBEHHOE BIMAHUE MHOXECTBA OCOOEHHOCTEH TEXHO-
JIOTHYECKMX CUCTEM U MX 3KCIUTYaTALIMM Ha BETUYUHY
noayyaemoro sddexra [1]. HomomHureapHo GHyHK-
LIMOHAJTBHEIE BO3MOKHOCTH IIpeo0pasoBateneii uacTo-
TBI ITO3BOJISIOT TIOCTPOUTE Ha KX 0a3e aBTOMATHU3UPO-
BaHHBIE CUCTEMEI YIPABICHUSA HACOCHBIMU CTAHLIKA-
MU C TOBBIIIEHHBIM 3KCIUTYATALIMOHHBIM PECYPCOM.
BTH CUCTEMBI TIPEACTABIAIOT OCOOBIA HHTEpec TIIo
MIPUYMHE MUHHUMATBHBIX TeXHOJIOTHYECKUX TpeGoBa-
Huii K HuM [ 1, 2].

[lenpto naHHON CTaTBU SBISETCA TOCTpOeHUE Hh-
(eKTHBHBIX CTPYKTYP CHUCTEM YIpaBIeHMs HACOCHBIX
cTaHiui. JInd SToro NMpOM3BOOUTCS McCIefOBaHME
BJIHSHUS OCHOBHBIX TEXHOJIOTHMYECKUX M 3HKCILTyaTa-
IIHOHHBIX (haKTOPOB Ha paboTy COBMECTHOTO TPYIIIO-
BOTO VIIpaBJIeHHs HacocaMu. JIOTIONHUTENBHO aHATN -
3UPYIOTCS COBPEMEHHBIE TEXHHYECKUE PEIIeHUS CHU-
CTeM YIIpaBAEHUS HACOCHBIX CTAHIIUHA W KPUTEPHH UX
BEIOOpA.

MpuHLMN paboTbl HACOCHOI CTaHLWM

TexHonormueckas cxeMa ¢ HacOCaMHK 3a4acTyO fB-
N9eTCsA CHCTEMON ¢ TepeMEeHHBIME TTapaMeTpaMH, Ya-
ITie BceTo pacxola MepeKaunBaeMoi XUAKoCTH. B cBa-
3 ¢ 3THM HacocHOE 060pyIoBaHNe TOMXKHO 00eCIer -
BaTh ONpPEAENEHHBIR Pacxoll TepeKadlBaeMbIX Cpell,
MpeooeBad THAPABINYECKHE COTIPOTUBIECHUS CUCTEM
Tpybonposonos. [Ipyu yBeqMUeHUM IIHPHUHBI MTOJOCH
TpeOyeMOoro pacxosia BO3MOXHO UCTIONB30BAHKE TPYIII
TMapajIebHO YCTAHOBIEHHBIX HACOCOB BMECTO OHOTO
Gospiioro. B sTom ciydae, MOAKTIOUAS M OTKIIOUAS
HeoBXomMoe KOJIMUYEeCTBO HACOCOB, MOXHO obecre-
YHTh TPeOYeMBINl ypoBeHD pacxola B OTpeNenEHHbIN
TIEPUOA BPEMEHH. DTo pellleHWe NAaBHO M3BECTHO U
MOBCEMECTHO HCIIONB3YeTCSl IPAKTUYECKH Ha Beex
npeanpuatiax. Hacockl rpy sToM dalie paBoTaioT B
30HaX BbIcoKoro ruapasinueckoro KITMI, a cucrema B
HestoM obnanaer Gonbleil HaTéKHOCTBIO ¢ MO3HLIAN
pesepBupoBaHus. Takoe rpymnroBoe yIpaBIeHHe Haco-
CaMH B CTPYKTYpe CTaHIIMI MOABEPINIOCH CYIIECTBEH-
HOMY M3MeHeHUIO B TIPUBOAHON YacTH ¢ TIOSBICHHUEM
COBpeMEHHBIX MpeobpasoBaresiei JacToThl.

CoBpeMeHHasd HACOCHAS CTAHIMS — BTO TpPYIIIa
HACOCOB M MX CHCTeMa YIIpaBleHUs, paboTaromas 1o
OTpeAeIEHHOMY 3aKOHY B aBTOMATHYECKOM PEXUME,
obmagaronas OTHEM HAB0pOM MIEKTPHYCCKIX U TeX~
Homorugeckux 3amut. Ha puc. 1 npusenén npumep
GYHKINOHATEHOM CXeMBI CTAHIMU BOXOCHAGXKEHMSL.
ITo Hett MOXKHO paccMOTPEeTh IPUHIMI PAGOTEI TPYIT-
TOBOTO YITpaBIeHUs HacocaMM. B ocHoBe apToMaTu-
YeCKOi paboTHI JIEXUT TapaUIeqbHasd paboTa HACOCOR
HA eIVHBIH BEIXOOHON KOIUIEKTOp B QYHKIIMU TEXHO-
JIOTMYIECKOTO ITapaMeTpa, B JAHHOM CIIyJae JaBIeHMS.
Bce HacocH B rpyITIie pa3BUBAIOT OAMHAKOBEI HAITOP.
Ilpy M3MeHEHNH TPOM3BOIUTENBHOCTH CHCTEMBI IO
OTKJIOHEHHIO H3MepsAeMoil bU3MdecKoil BeTUIMHEL
TPOM3ROIMTCSA ABTOMATHYESCKOE BKIIOUEHWE WM OT-
KIIOUeHNe AOMOTHUTENBHEIX HacocoB. KommyecTBo
HACOCOR B pealbHBIX CHCTEMAX BAPBUPYETCS OT ABYX J0
CeMHU M OIpemeNsIeTcsd ONTUMYMOM MeEXIy 30HOH
KIIJI, nrama3oHoM pacxodoB HepeKaunBaeMBIX Cpe,
3aTpat Ha CUCTEMY YIIPaBIeHNs, TpeOyeMoH HaleKHO-
CTBIO W pesepBHpoBaHHeM. KOHTYp peryImpoBaHUS
TEXHOJIOTMIECKOT0 TapaMeTpa IOCTpoeH Ha 6ase Mmpo-
nopuroHaTbHO-uHTeTpanbHoro (IIM)-perynasaropa.
OcobeHHOCTh paboTHl CXeMBI HACOCHBIX CTAHITHI 3a-
KITIOYaeTcsd B TOM, YTO B MOMEHT BKITIOUSHUS MM OT-
KITIOYeHNS TOTIOMHUTETBHEIX HACOCOB MPOUCXOINT
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6mokupoBKa pabotsl [IW-peryaaropa I CHIKEHUS
BETMIMH CKAYKOB JABIeHUS B TPyOOIIPOBOE U OTCYT-
CTBHSI JIOKHBIX KOMMYTAITHIA 3J€KTPOIBHUTATETeH 10-
TIOTHUTETEHBIX HACOCOB.

TluTaromas ceTs OT aBTOMATHYECKUX BBIKITKOYaTeNel
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Puc. 1. [lpumep QyHKUMOHaNbHOM CXeMbl HaCOCHOW CTaHUMn

cuctembl BofocHabxerus: 1) ruaponHeBMaTudeckui
6aK, «ruapoakkyMynaTop» ¢ 0BBA3KOM 1 NPEROXpPaHu-
TeNbHbIM KnanaHom,; 2) fatduk asnieHus ¢ 0bBa3Kov;
3) 3anopHasg apmartypa, 4) obpatHeii knanaH; 5) MaHo-
MeTp ¢ 06843K0H; 6) BrbpoKOoMeHcaTop, 7) npeobpa-
30BaTefb 4acToTsl, 8) HAcoC, MPOTOYHAs YacTb C 371eK-
Tpoasuratenem; 9) pene fasneHus

B cxeme Ha puc. 1 OTCYTCTBYET BXOOHOU (UIETD,
T. K. B OOJIBIIIMHCTBE CUCTEM OH IIPUCYTCTBYET HA BXO-
1€ B BOIOMEPHOM Y371€ WIK B CUCTEME Y4ETa pacxoja
Bozbl. [IyHKTHpOM yKasaHBI 31€MEHTHI CUIIOBOM U MH-
thopMallMOHHOH 3JeKTPUIECKON JaCTH.

TunoBble KOH(UTypaLmMm cucTeM ynpaBneHus
HaCOCHBIX CTaHLLMIA

PaceMotpuM moppoGHee, KaKkue peleHus mpea-
rafoT BeaylIue MPON3BOAUTENN HACOCHBIX CTAHIIWIA U
CHUCTeM YIIpaBieHus 111 HuX [1]. B HOMeHKIaTypHBIX
psmax pasTUYHOTO HWCIIOJHEHHUS MOXKHO BBIIETHUTH
AT OCHOBHBIX CXeM ITOCTPOEHUSI CHCTEM YIIpaBle-
HUS:

1. DnexTpomBuraread HACOCOB B CTAHIIMHU ITOIKITIO-
JaroTCs HAIPSIMYIO K CeTH depes myckartend. [Ipu
MOIITHOCTH ABUTaTenelt Goree 4 KBT 3amyck ocy-
IIECTBIAETCS 10 CXeMe 3Be3M1a/TpeyroibHuK. KoH-
TYp PETYJIMPOBAHUS BHIITOMHEH Ha BHEIIHEM KOH-
tpomwtepe. K HeMy Xe MOIKTIOYaeTCs JATIMK 1a-
BJICHHS HATIOPHOTO M BCACHIBAIOIIETO KOJIEKTOPA,
a TakKe KaTYIIKH MycKaTeaei.

2. OmwH W3 HACOCOB B CTAHITMH MIMEET BCTPOCHHBIH
JeIeHTPATN30BaHHEIM TTpeodpa3oBaTelb YacTOTHL.
Kontyp perynmpoBaHMs BEIIOJHEH Ha 6ase BHe-
mHero KoHTpoiutepa ¢ IIM-perymaropoM, KoTo-
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PEIif M3MEHSET TIPOM3BOAUTETLHOCTD TTAaBHOTO Ha-
coca I10 IIuHe CBsI3u. IIpy yBeTmae U TpebyeMo-
T0 pacxoa CUCTEMEI PETYIIATOP C ITOMOIIBIO BCTPO-
eHHBIX pejie KOHTPOTepa KOMMYTUPYET KATYIIKA
TycKaTeeii JOMOTHUTETBHBIX HacocoB. [1pu mor-
HOCTH 3JIeKTpoABHUTaTeneit Gomee 4 kBT samyck
TIPOU3BOIUTCS TI0 CXeMe 3Be31a/TPeyTONbHIK.

3. Bce HacOCHI CTAHIIMM UMEIOT BCTPOEHHBIE MPeol-
pasoBatenn 4acToTEl. KOHTYp perymupoBaHus BEI-
mostHeH Ha 6ase [T -peryasaTopa oIHOTo U3 Mpeod-
pasoBatenei 9acTOTHI. PeryIsaTop mo eIuHoM IuHe
OCYIIIECTBISET MOTKIIOYEHIE U OTKIIOUeHHE TI0-
YMHEHHBIX Tpeobpa3oBaTeleil 9acTOTHI, a TaKxkKe
dhopMupYeT AT HUX 3afaHNe CKOPOCTH BPAaIleHHUS.

4. B cucteme ympapieHHs IPUCYTCTBYeT BHELIHUI
npeoOpa3oBaTe/b YacTOThI, KOTOPBIA MMEET d0-
TIOJIHUTEIBHYIO BO3MOXHOCTh IEPEKIIOYEHUS Ha
JI000M U3 37eKTPOABUTaTeIel HACOCOB CTAHIIUM C
TTOMOIIBIO KOMMYTALIUU MTyCKATENeH CATOBBIX BBI-
XOIHBIX 1erieit. KoHTyp peryampoBaHus TakKXe Bbi-
MoJHeH Ha ero mporpaMMHoMm ITH-perynsitope.
Katymiky myckareneit JOMOJHUTEIBHBIX HACOCOB
KOMMYTHUPYIOTCSI OT HECKOJIBKUX pesie Mpeodpaso-
BaTeNIs YaCTOTHL. [Ipy MOIIIHOCTH BIEKTPOABUIATE -
Jei cBhie 4 KBT moAxiIoueHre U OTKIIOUEHUE
JIOTIOJTHUTEJIBHBIX ABUTATEIEH OCYILECTBIIAETCS 110
CXeMe 3Be3Ma/TpeyroIbHUK.

5. Bce snekTpomBUraTenn HACOCOB YIPABISIOTCS OT
BHEIITHUX MTpeoOpasoBaTerei yactoThl. KoHTYp pe-
TYJIUpPOBAHMS BBITIONHEH Ha Oase [TM-perymsartopa
OITHOTO M3 Mpeobpa3soparesneii YacToThl. Peryisatop
OCYILIECTRISET TOAKTIOUEHNE M OTKIIOUeHUE MO~
YMHEHHBIX TpeodpasoBarenell YacTOThI, a TaKxke
10 eIWHOH IIMHe GOopMUpYeT AN HUX 3aJaHue
CKOPOCTH BpAIeHHUSI.

B npeanucannu K mogbopy cTaHIMN yKa3aHo, 4TO
BBIOOp TOTO WIM MHOTO THIIA CHCTEMBI YITpaBIeHMUSI
CBSI3aH ¢ MHOXKECTBOM TPeOGOBAHUEM CO CTOPOHBI TeX-
HOJIOTHYeCKoro mpotecca. C MO3UIMY MPOU3BOIUTE-
JSI CTAHIIWI TIpY TIeperiafiaX JaBleHUs BO BCachIBalo-
1ieM Tpyoorposoze He MeHee 100 kI1a pekomeHmyeTcs
YCTaHOBKA CHCTEM C HACOCAMHU YIIPABISEMBIMU TOJTBKO
oT mpeoGpasopareneii 4acToTI [ 1, 2]. DToMy YCI0BUIO
COOTBETCTBYIOT KOH(UTYyparuu 3 u J.

CxeMsl 1 u 2, obecreurBaroIie IPsIMBIE 3aIIYCKU
HACOCOB, CO3MAIOT 3HAYMTETIbHBIE CKAUKM NABIEHMUS,
ruapoyaapsl B cucteMe. ClieqoBaTeIbHO, UX IPUMEHE-
HHE BO3MOXHO TOJIBKO IIPY HATHMIMK THAPOIIHEBMATH -
JecKUX 0aKOB ITOBHIILIEHHOTO IMOTPeOHOTO 00bEMA B
HAIIOPHOM CTOpPOHE CTAaHILIKMU. DTO B CBOKO 0Yepelhb
BO3MOXKHO B HEOOJIBIINX CUCTEMAX, IJie 00bEMBI 0AKOB
He mpeBBIIaioT 1 M°. B cructeMax ¢ TpeOyeMBIM 00JIb-
MM 00BEMOM 0aKOB YPOBEHb 3aTpaT IPEBLIIIAET IIep-
BOHAYalIbHEIE MHBECTUILIMM OT BEIOOpa Oosiee (DyHK-
LIMOHATBHBIX KOH(QUIYpaLnii CTaHIwiA 3 win 3.

Kondurypamms 4 cxeMbl CUCTEMBI YIIPaBICHI pe-
KOMEHTyeTCsI ITPH MCTIONB30BAHMH ITATH YT IIeCTH Ha-
COCOB B CTAaHIIMM. TaKoe KOTMYECTBO YBETHIMBAET Be-
POSITHOCTD JUTUTEIBHOTO TIPOCTOSI HEKOTOPHIX M3 HHUX.
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Yarre Bcero 3To pe3epBHEIC HACOCH. B WX mpoTogHON
JACTH TIPY HATMINH PACTBOPEHHOTO BO3MYXa B XKIIKO-
CTH aKTUBHO WAYT Ipollecchl Kopposur. OHM 3aTpary-
BAIOT KOHTAKTHEIE 30HHI pabodero Koseca, VIDIOTHEHUH
u ymutky. 1leneBas Kopposws co BpeMeHeM IIpUBOIHT
K TOMY, 9TO IIpH BBEIXOZE M3 CTPOSI OCHOBHBIX HACOCOB
TIPOMCXOINT 3aITYCK PEe3ePBHEIX ¢ 3aKTHHEHHBIM BATIOM.
CucTeMa o aBapryl OCTaHABINBAETCS TOTHOCTRIO. [o-
XOXWIf pe3ybTaT HabmromaeTcs Mpy ITATETEHOM TIPO-
cToe BeKTpomBuraTesd. T K. B IOMEIIEHUSX CTAHIIH
TPYOOIPOBOIEL 3aYACTYIO He N30JMPOBAHE, TEMIIEPaTy-
pa Ce30HHO MEHSETCs, B 3IeKTPOABUTATeNTe CKAILTBA-
eTcs piara. Co BpeMeHeM 5TO Be[IET K CHIDKEHUIO IIPOU -
HOCTH M30JISILMKU ¥ KOPPO3WHU TIOJABMIKHBIX YacTel Ma-
muHeL. [Ipu 3amycKe Hacoca B TAKOM JABMTaTene BO3-
MOXHO 3aKTMHUBAHUE POTOpPA, AUO0 BBIXOI U3 CTPOSI
o6MoTKM cTatopa. UToOB PABHOMEPHO 3arpy3uTh BCE
HACOCHI BO BpeMEHH, BKITIOUAs pe3epBHblEe, KOHDUTYpa-
LMSI CXEMBI YIIPABNEHNUS CTAaHLMU 4 MO3BOJSET Tepe-
KJIIOYaTh BBIXOAHEIE LIeNM Tpeodpa3oBateas 4acTOThI
Ha pa3HBIe SMEKTPOABUTATEN .

[TpofneMBl LTUTEIEHOTO MPOCTOS HAGMIOAAIOTCS B
CUCTEMAX CTaHLMW MMOXAPOTYLLIEHNS, TIe HACOCH IIH-
TENBHOE BpeMs HaXOLITCs B pexuMe oxunanys. [Tpu ux
3aIlycKe, M0 YKA3aHHBIM BBIILE ITPUYMHAM, TTPOUCXOINT
OTKITIOUEHIE ABTOMATHYECKOTro BRIKTIOuaTeNst. Bo n3be-
JKaHWe 3TOr0, IIOMUMO KOPOTKHX 3aITycKOB T10 TalMEpY,
U1 JAHHBIX CUICTEM CYLLECTRYET CTieLMaIbHas KOHUry-
panust, OHa IO3BONAET IIABHO 3aITYCTUTh HACOC W CHHU-
3UTH ITyCKOBBIE TOKH, YMEHBIIAS BEPOSTHOCTD OTKIIIOUE-
HUS ABTOMATHYECKMX BRIKTIOUaTeneit. Bcnu yerpoitctso
TUIABHOTO TTycKa He ofecrieunBaeT TpeGyeMbli ITyCKOBOH
MOMEHT IEKTPOABUTATENS, TO T10 UCTEUEHUH BPEMEHN
3ICPKKH Yepes IYHTAPYIOIINHE KOHTAKTOP TPOH30MAET
ITPAIMOIA 3aITyCK.

0606LEHHBIE CTPYKTYPLI CUCTEM YNpaBneHus
HaCOCHBIX CTaHLMIA

VkaszaHHEIe KOHMUTYpallK cxXeM MOCTPOSHHS CH-
CTeM YIpaBJIeHus paboTOCIIOCOGHE! A7IsI TOTOBBIX HACO-
CHEBIX CTAHIIUH ¢ eIMHIIHOM MOIITHOCTBIO 3IeKTPOABU-
rarensa o 30...45 xBr. [IpakTidyecku 3T0 Ipemen IId
GOJBIIMHCTBA OOIIENPOMBIIIIIEHHBIX CHCTEM IIPU pa-
6oTe CTAHIVI B ABTOMATHYECKOM PeXUMe ¢ TIPSIMBIMU
MyCKAMH Ha OTKPHITYIO 3aABIKKY. OO6mas GyHKIHO-
HaJIbHAS CXeMa TaKWX CHCTeM YIIpaBIeHH IIpHBeaeHA
Ha puc. 2. JlaTpHeliee yBeTrndeHre radapruTa HaCOCOB
1 eIMHUYHON MOITHOCTH 3JIEKTPOABUIATENICH HACOCOB
B CTAHIIMSIX OIpee/IseT 3HAUNTEIbHBIE OTINIHS B CXe-
Max yIIpaBlIeHHNs OT YKa3aHHBIX BHIIIe KOHMQUTYpAIH.

OGImenpOMBIITIIEHHBIE HACOCH ¢ MOIITHOCTHIO 37TeK-
TpoABUTaTeNs cBbillie 45 KBT pakTuyecKu Beerma 3aImy-
CKATMCH ¢ TIOHXKEHHBIM MOMEHTOM Ha 3aKpPBITYIO 3a-
JBVXKY W TpeOOBaIN TOCTOSIHHOTO OOCTYXKWUBAHWS W
MOHWTOPHMHIA CO CTOPOHBI TEXHUUECK X cTyk0. Cope-
MeHHBIEe TPEOOBAHNS K ABTOMATU3ALIAN HACOCHBIX CTAH-
1# He TIO3BOASIOT B TIONHOM Mepe PacTIpoCcTpaHUTh MU~
POBO OITHIT HA OTEUECTBEHHBIE TIPOMBIIVIEHHEIE 00BEK-
!, [IpHumH 31ech MHOTO 1 CBA3aHE OHU GOJTBIIE ¢ BO-
TMPOCAMH OTHOCHTETBHO HU3KOM OKYTAEMOCTH TTOTHBIX
MpOeKTOB peKOHCTpYKIMH, [losToMy B mambHeiireM
HMEET CMBICII PACCMATPUBATE ABTOMATH3AIIMIO HACOCHBIX
CTAHIIMH C TIO3NIMI MOIEPHUSALIMH [PHBOAHON YaCTH 1
KOHTPOJIBHO-H3MEPUTETBHOTO 060PYIOBAHNS,

Kak yxe GBUIO CKa3aHO, 110 MPUYAHE HEBOIMOX-
HOCTH 3aIlycKOB Ha OTKPBITYIO 3aIBUXKY BapHAHTHI
KOHGUrypalmi cxeM cucTeM ynpasienus 1, 2, 4 He
MOTyT GBITh MCIIOTB30BaHEl, Hanbosee monyssipHas u
BromKeTHAS KOH(BHUTIYpAlMs CUCTeM HATOMHUHACT CXe-
My 4 ¢ H0GaBIeHHEM B Heé TMPUCTOPHBIX YCTPOMCTB

ITuTaromas ceTh OT ABTOMATHUCCKHMX BRIKIIOUATENCH
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Puc. 2. QyHKUMOHaNbHAA CXeMa CUCTEMbI YPABEHNS HACOCHOM CTaHLMK C OQHUM npeobpasosatenem dactotsl: M1, M2, M3, MX =
ACHUHXPOHHbIE SNIEKTPOABUIaTeN HACoCoB B cTaHumu, T4 1 — npeobpasosatesnis 4acToTh!
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IInTaromas ceTh OT aBTOMATHYECCKIX BRIKIIOYATEICH
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Puc. 3. DYHKUMOHANbHAS CXEMA CHCTEMBI YIDABIEHUA HACOCHON CTaHLMM C OBHUM Npeobpa3soatenemM YacroTel 1 YCTPOACTBaMM
rnasHoro nycka: YIT1 1, YT 2, YIITT X = TupncTopHble YCTpOVCTBa MAaBHOIO Mycka

IUIABHOTO 3aIlycKa WM OCTAHOBA WIEKTPOIBUTATENEH
MOMUMHEHHBIX HACOCOB. DTO obecrieunBaeT ux Gesy-
JAPHBIH 3aITYCK U OCTAHOB Ha OTKPBITYIO CUCTEMY TDY-
6onposoaos. GyHKUMOHATEHAS cXeMa 9ToH KoHbury-
paIMH TpHUBeieHa Ha puc. 3.

CremyeT BBIIEINTD €IE OOUH BapUAHT PEIIeHUS,
KOTIA BBIXOJHBIE LIeNy NpeofpazoBaTess 4acTOTh MO-
I'yT OBITH COCAMHEHEI C 3JCKTPOABUTATENeM KAk oro
TIOAYMHEHHOTO HAcOca Yepe3 HOTIOMHUTENbHbIE IIy-
CKaTeNH. DTO IO3RBONAET OCYUICCTRIATE NEPerIoye-
HHE YACTOTHOTO NpUBOIA Ha T1000H 13 3AeKTpoJBUTa-
Tesel cTaHuuM, uto obecrieumpaeT OecriepeOorHy0
padoTy CUCTEMEBI IIPU BBIXOAE M3 CTPOA A1000ro Haco-
ca, a TAKKe YpABHUBACT BO BPEMEHH WX 3aIPy3KY € YBe-
JUIeHNeM pecypea Beel cxeMbl. Cpely HENOCTATKOR
STOTO PEIIEHUA MOXHO OTMETHTb POCT KOJHYECTBA
TTYCKOperyaupyiommeil anmaparypsl. Haunras ¢ mMom-
HOCTH 3JekTpomsuratens Gomee 90 kBt »T0 Maxo
OTPABOAHO U BEAET K YBENUUYESHHUIO 3aTpaT B 00CTY KK~
BaHWM W 3KCIUTyaTaumy. [losToMy mpH eImHAYHOH
momHocTd cBeime 110 xBT uenecoobpaszHa cxema
KOH(UTYpallid 5 CHUCTeMBl YIpaBIeHHS CTAHIHEH,
KOrZa Ha KaxKAbIH 3IeKTPOABUIaTeNb YCTAHABIABAETCS
CBOII Mpeobpa3oBaTeNb YaCTOTHI.

OYHKIIMOHATBHAS CXeMa TaKoH CUCTEMEI YITpaBie-
HMS HACOCHOM CTaHIIMEH MpuBeleHa Ha puc. 4. Dd-
¢heKT OT OMHOIM CKOPOCTH BpalleHMsI BCeX HACOCOB MO-
XKET UMeTh goroiaHuTensno o 10...12 % ot obuwero
BKJTama B sHeprocOepexkeHre. [IpruynHa 3aKmodaeTcs
B TOM, YTO OTCYTCTBYIOT TIOTePH TABTEHHNS B BEIXOTHOM
KOJUTEKTOPE M3-3a PasTHYHBIX CKOPOCTEH IIOTOKOB TIe-
peKaumBaeMoli cpesl OT HacocoB B rpyme. [Ipy aTom
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TIPOMCXONT CYILECTBEHHOE CHUXKEHHE 3aTpar Ha 00-
CIYKMBAHWUE W 3KCIUIYATALIAIO CAMOW CHCTEMBI yITpa-
BeHus cTaHnyedl. MoxHo obecrieunTh BEIGOp M0G0~
0 HACOCA B KAYECTBE OCHOBHOTO (€3 POMO3IKIX CXEM
KOMMYTALlM! BBIXOAHBIX LIETIEN U B aBApUIHEBIX CUTYa-
LMSIX TI0 BBIXOAHBIM LIETIAM Mpeobpa3oBaTens YacToThl
OCTaBUTH KOHTYp PETYIMPOBAHMA B paboTe Ha APYrux
Hacocax. BEiGop 9acToT, IpH KOTOPBIX ITPOM3BOAUTCS
TUIABHBLN 3aIyCK, OCTAHOB U PETYIUPOBAHUE CKOPOCTH
SNEKTPOABHUTATEICH OTUNHEHHBIX HACOCOB TIPOU3BO-
matest 1o 3oHaM MakcmumaneHoro KITI Hacocos, ¢
VIETOM JOIYCTUMOTO KOTHMYECTBA 3aIlyCcKOB B 4ac
SNEKTPOIBUTATENeH U IOIYCTUMOIO M3MEHEHUA fa-
BIEHUS B CUCTEME TpyGOIIPOBOLOB.

CymiecTpyer elé OgHO TEXHHYECKOe pellieHHe Ch-
CTeMBI VIIPABICHISA HACOCHOM CTaHIpel Ha Gase Ipe-
o6pazopaTeJbHON TeXHUKM PsIa IPOU3BOAUTEIEH.
ITpeobpasopares YacTOTHI CO CHENUATBHON DyHK IR
VIIpaBJIeHMs Takxke peryiupyer IpOH3BOAUTEIBHOCTD
OIHOIO M3 HacocoB. [Ipy IMpeBBIIEHIH er0 IPOU3BOIH-
TeJBHOCTH CBEPX YCTAHOBIECHHOIO YPOBHS, Mpeodpaso-
BaTeIb YaCTOTH 0feCIeurBaeT CHHXPOHU3AIUIO BXO-
HOTO ¥ BEIXOAHOTO HAIIPSIKeHMs 110 (hase M aMILIUTYE.
IMociae CHHXPOHM3ALIME 00ECIIEUMBACTCS LIYHTUPOBA-
HHe peofpa3oBaTes ¢ IPSAMBIM MOIKTIOUeHHEM SIIeK-
TPOABMIaTeIs Ha IHUTAIOIYIO ceTh. CHHXPOHM3ALMS
ofecrieurBaeT CHIKeHHe OPOCKOB TOKA IIPMMEPHO 10
VPOBHSI IIYCKOBBIX ¢ 6071 KOPOTKHM IIEPHOIOM BpeMe-
HH. 3allyHTHPOBAHHBIA Mpeobpa3oBaTelb YacTOTHL C
MOMOIIBI0 KOMMYTAIIMH BEIXOIHRIX IETIefi TepeKIoua-
eTCs Ha CIeIyIOIINiA 3TeKTpoaBKrare/b. [1pu sToM BTO-
POM HACOC CTAHOBHTCS PETYIHPYeMBIM.
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Hanee 9ToT IBUTATE]Ib TAKKE MOXHO BBIBECTH HA
MaKCUMATBHYIO ITPOU3BOIUTENBHOCTD U IEPEKITIOUNTh
Ha ceTh U T. 1. OTKIIOUeHNe ABUTATENe CTAHIINM ITpO-
Ucxomur B obparHoM ropsake. JanHas cxeMa uMeer
PSLI HEIOCTATKORB, TAKMX KAK MOBBIILIEHHBIE MTEPBOHA-
YaTBHBIE M 9KCIVIYATALIMOHHBIE 3aTpaThl Ha IycKope-
I'VIIMPYIOLILYIO ATINAPATYDY, 4 TAKXe OYeHb HU3KYIO Ha-
JEKHOCTh CAMOT0 CXeMHOTo pelilerust. Muest cxemul ¢
CHHXPOHH3aTOPOM 3aMMCTBOBAHA M3 CHCTEM 3aIlycKa
MOILHEIX CHHXPOHHBIX JBHTaTeieil. Pasmepnl uHBe-
CTUIMI ¥ CPOKK OKYITAEMOCTH B TAKHMX CHCTEMAX OTpa-
HUYMBAIOT KOJHYECTBO AMHUIL TIpeobpasoBare’bHoi
rexauky. [TosToMy CXeMa MCTIONB3YeTCs B CHCTeMax
HACOCHBIX CTAHIIME ¢ 5IeKTPOABUTATENAMY HATIPSIKe-
HueM Bosee 1 kB.

CrcTeMBl HACOCOB ¢ BCTPOSHHBIMH Tpeobpa3ona-
TeJSMHA 9ACTOTHL ¢ MO3HIMHU GecriepeOoiiHol paboThl
MOTYT TIOTpeGoBaTh UCII0Nb30BAHIE JOMOTHUTEIBHBIX
PEe3epPBHBIX HACOCOB. B cirydae BRIX0AA U3 CTPOS TAKO-
o IpeodpazoBateId YaCTOThI He YIAETCd OCTABUTH Ha-
coc B pabote [3].

PEByﬂ bTaTbl NCCNIeAOBAHNA

ITo pesyaerataM WCCTeIOBAHHAI MOXHO OTMETHTh
CYIIIECTRYIOIIEe MHOTOOOpasre KOHGHUIYpAIMil cXeM
CHUCTEeM VIPaBIeHHUS aBTOMATH3UPOBAHHEIME HAco-
CHBIMH CTaHIIWSAMH. DKOHOMUYECKHE TIPEeOTOCHITKH
IpH MOAEPHU3AIMH IPHUBOTHOM YacTH HACOCHBIX
CTAHITMI BEAYT K ITOCTOSHHOMY YBETHYESHUIO KOTHYe-
CTBa peobpa3oBaTeIbHOM TeXHUKY. 11pr 3TOM Bospa-
CTaeT MOTpeGHOCTD B NETIEHTPAT30BAHHOM 3aIlIITHOM
UCITOJHEHNH TIpeobpasopatelell dacToThl. CHcTeMa
VIpaBIeHNs, IMOCTPOeHHAsd Ha TaKuX Ipeobpaszopa-

TeJIAX, TIO3BOJAET OTKA3ATECA OT rabapUTHEIX 2JIEKTPO-
MOHTAXHBIX IIKAGhOB WX MOATOTOBACHHBIX MTOMEILIE-
HUH, npubausuth IpeodpazoBaresb YacTOTHl HEIO-
CPEICTBEHHO K 5JAEKTPOABUTATENIO M CHU3UTE Npobie-
MBI C 3JIEKTPOMATHUTHOM COBMECTUMOCTBIO, TIOTEPIMU
B o6MoTKaX. JlOTIOMHUTENBHO HOCTUTAETCS MAKCH-
ManbHEH 3ddekT oT sHeprocbepexeHnd MpU MUHU-
MaJIBHBIX 3aTpaTax Ha PEKOHCTPYKLIHIO U MOHTaX.

Tabnuya. Pesyneratel cpasHeHus oBoBWEHHBIX CTPYKTYP Cu-
CTeM YIPasneHysi HaCOCHBIX CTAHUME 110 OCHOBHbIM

floKkasaresigm
OcHOBHBIE NOKa3aTenn Cxema
Puc. 2 Puc. 3| Puc. 4
OTHOCUTENBLHAA BENMYNHA NEepBO-
P 45 68 | 100

HaYanbHeIX UHBECTULIMIA, %

OTHOCUTENBHBIE 3aTPaThl Ha K-
CryaTaumio TeXHONOrMHeckon va- 100 60 50
CTW cTaHumK 3a 5 net, %

OTHoCcUTeNbHbIe 3aTPaTbl Ha K-
cnnyaTaumio CucTembl ynipasneHns 100 83 56
cTaHUmen 3a 5 net, %

OTHocuTeNbHas 3HeproaddekTHB-

HOCTL (NpaMoi atdekT), % 8 82 100

OTHocuTeNnbHas 3deKTMBHOCTL,
TOYHOCTb, CheLl. PyHKLMK (KoCBEH- 80 85 100
Hbil 2ddekT), %
PexomMeHayembIn AranasoH MoLL -
HOCTeW aNeKTPoABMraTeNel Haco-
COB B CTaHUmMw, KBT

PexomMeHayemoe Konm4ecTBo Haco-
COB, WT

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

2-5 2-4 | 3-4

*B ckobkax YKa3aHa MOWHOCTb A719 BaphaHTa CXeMbl CUHXPOHU-
3ayuuy C cetbio
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[TonydeHnne eIMHOTO WHTETPATBHOTO TOKA3ATENI
3(hheKTIBHOCTH BHEIPEHUS PACCMATPHBASMBIX CXeM
TPEICTABISIETCS CIOXHOM MHOTOKPHTEPUATEHOHN 3a-
nadet. JIndg Kaxmoit CUCTeMBl TPOU3BOMUTCS VHIKATb-
HEBIN TEXHUKO-9KOHOMUYeCKIH aHatn3. TeM He MeHee,
BO3MOXHO CPaBHUTH OTHOCHUTEIBHEIE TIOKA3ATEH 3aT-
par u sthdexTUBHOCTH MeXny cxeMamu. s 3Toro
PaccMaTPUBAIOTCI CUCTEMBI YIIPABISHHUS IS MOIITHO-
CTe# BIeKTPOABUTaTeIel HACOCOB OT HECKONBKUX JIe-
cgatkoB g0 500 kBt. KonmdecTBo HacOCOB B CTAHIIUU
COCTABISIET OT TPEX M0 YeTHIpEX eawHMIl. Ilpm 3THX
VCITOBUSIX OCHOBHEIE OTHOCHTETBHEIE TIOKA3ATEIH 3aT-
pat 1 3pPEeKTUBHOCTH MEXITY CXeMaMU B paccMaTpH-
BaeMBIX IUATIA30HAX MPUOIU3UTENBHO TIOCTOSIHHEL [4].
PesynsraThl cpaBHeHMs IpuBeAeHBI B Tabauiie. 3a 100
% saTpaT IPUHUMAIOTCS MaKCUMAIbHEIE 3aTPaThl cpe-
JIA pacCMaTpHBaEMBIX CXEM IS YCJIOBHOM OJHON U TOH
e craniun. 3a 100 % otHocuTenbHOM 3¢ heKTHRHO-
CTH OepeTes TakxKe MaKcUMabHas BeIUIHHA.
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Hcnonpsys maHHBIEe TaGMMITEL, MOXKHO COETATh BEI-
BOIBI O HATMINH OITAMATBHEIX IUANA30HOB 5hheKTHBR-
HOTO HUCTIONB30BaHMS PAcCMATPUBAEMEIX CTPYKTYD. JIs
SIEKTPOMBUTATEEH HACOCOB MATBIX M CPEIHIX MOIITHO-
cteii go 110 kBt 6omtee ahpeKTUBHEL CTPYKTYPEI, PIC. 2,
3. Ilpn manbHEeHIIEM YBETUIECHUH SIMHITIHOM MOIITHO-
CTH »IeKTPOABHUIATeNell ONpaBIaHO HCIIONb30BAHUE
CTPYKTYPHI, prc. 4. B peKoMeHIyeMoM IHana3oHe Iucia
HaCOCOB COOTBETCTBYIOMIAA CTPYKTYPa TTO3BOJISIET 00ec-
TIEYUTh MAKCUMATBHBIH 3()deKT 1 MUHUMATBHBIE 3aT-
paThl. B utore ¢ ncxonHoi nHGopMalrel 1o KOHKpET-
HOI HAcOCHOM CTAHIIMH CTAHOBUTCS BO3MOXHBIM OBI-
CTpO MPOU3BECTH KOPPEKITHIO YPOBHS MTOIYIaeMOro 3¢-
(hekTa U 3aTpaT B TEXHUKO-9KOHOMHMIECKOM 000CHOBA-
HUHM MOJEpHM3AllM CHCTeM ympaBieHus. Kaxmasg u3
TPEX CTPYKTYP HUMeEET CBOK 00JacTh MPUMEHEHUS U €
YUETOM NPHUBEAEHHBIX PEKOMEHIALMA MO3BOMSAET BHI-
OpaTh ONTUMATBHYIO KOH(UIYPALAIO CHACTEMBI yIIpa-
BJCHHS PY aBTOMATH3ALlMY HACOCHBIX CTAHLIUM.

4. Teicusexuit U.B., Ipunenko K.I', Yepssaxos BJI. Pecypeocbepe-
raloniee yapasieHue MeKTPONPHBOIAMH HACOCOB CHCTEMBI KOM-
MyHabHOr0 BomocHabxerus // 1lpoGneMsl aBTOMATH3POBAHHO-
ro anexrponpusona. Teoprs w npakruka; Becriuk XTTIY. — 1998,
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AWATHOCTUPOBAHWE MEXAHWYECKOTO COCTOAHNA KOJITEKTOPHO-LLETOYHOIO Y31A
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PaccmoTpeHs! BOMPOCH! ONPERENeHNS MEXaHIIeCKoro COCTOFHNS KONEKTOPHO -LUETOYHBIX Y308 B [JUHAMUYECKIUX PEXUMAX C NpyMe-
HeHveM paspabotartbix 8 TITY metonmk 0bpaboTku pesybTaToB M3MEPEHII, MONYHeHHBIX C CIONb30BaHNEM BECKOHTAKTHOIO po-
unometpa. [prBeneHs! pesybTaTbl IKCIEPHIMEHTANbHBIX UCCIELOBAHIA MEXaHUYECKOrO COCTOSHMS KOMIEKTOPHO-LLETOYHOTO y3Na
3MEKTPOLABUIATENs NEPEeMEHHOIO TOKa B NpoLiecce HapaboTKi Ha Pecype, NPOV3BENEH aHaM3 IKCIIEPUMEHTA TbHBIX AaHHbIX, BbipaboTa-
Hbl PEKOMEHZALMY 110 YITYHLUBHIIO YCIIOBMM TOKOCHEMA B CKOMIb3SLUEM KOHTAKTe 1 YBENMHEHMIO PECYPCa LUeTOK.

IToBEIIIeHIE KOMMYTAITMOHHON HAIeXHOCTH U pe-
Cypca COBPEMEHHBIX BEICOKOCKOPOCTHEIX KOJLTEKTOP-
HEIX MAIIMH BO MHOTOM OIIpeAenseTcs MeXaHNUeCKO
CTAGMIBHOCTBIO BIEKTPHUECKOTO CKOIB3AIIEr0 KOH-
takTa (CK). OmHako nopeaenne CK B auHamuke He-
JOCTATOYHO M3YYeHO B TEOPETHUECKOM M 3KCIIepH-
MEHTAJIBHOM IITaHe BBUAY CIOXHOCTH IPOTEKAIOMIHX
MIPOIIECCOB, 4 TAKXe OTCYTCTBHS CIICIMATBHBIX M3Me-
PUTETBHEIX CHCTEM M METOAUK 0OpabOTKU H3Meps-
eMoit mHpopMaIun [1—4].
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Llenpro mpoBeneHHBIX UCCIETOBAHMN OBLTA Arpo-
Gammg pazpaboTaHHBIX B TOMCKOM HOJIUTEXHUYECKOM
yaupepcutete (TIIY) MeTOIMK, TO3BOJISIOIINX BEIIE-
JIITH MHTEPECYIOIYIO pa3paboTIMKOB KOJUTEKTOPHEIX
3IEKTPUYECKUX MAIIMH WHGOPMAITHO 00 N3MeHEHUN
npodmIsg KoJleKTopa B Ipollecce SKCIUTYaTalldH, O
BeIMYMHE W XapaKkTepe BHOpaIWii sKops, a TaKXe 0
JPYIUX MEXaHM9eCKHX TapaMeTpax M3 BCeTo MacCHBa
PE3YIETaTOB M3MEpeHMH, MPpOBeIeHHBIX ¢ TpUMeHe-
HUeM OecKoHTaKTHoro mpodmaoMerpa. Ha ocHobe



