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[OBbILEHUE HAOEXKHOCTU YACTOTHO-PEIYJIUPYEMOI'O 3JIEKTPOIIPUBOAA
KACKALHbIX CUCTEM CTABUITUSALINN JABJIEHNA HACOCHbIX CTAHLNUN

B coBpeMeHHBIX HACOCHBIX CTAHLMAX HAXOMUT IIMPOKOE MPUMEHEHHE KaCKaIHOE YIpaBJeHHE HACOCaMH C 3aIryc-
KOM 3JISKTPOJBHIaTeneld OT OQHOTro mpeodpa3oBarteins 4acToThl. [Ipy TakoM criocobe yrpaBlieHUs JaBjeHHE B CHCTEME
CTaOWIIM3HPYETCA Ha IOCTOSIHHOM YPOBHE PETYJIMPOBAaHHUEM CKOPOCTH BPAILEHHUS DIEKTPOJABHIATENId OZHOTO U3 HACO-
coB. Ecin Hacoc mocTur MakcUManbHBIX 000POTOB, a AaBJICHUE B CUCTEME IIPOAOIIKAET agaTh, TO paOOTaBIINA ABUra-
TeJb Hacoca OTKIIIYaeTca OT Ipeodpa3oBaTelis 4YacTOThI U MOJKIIIOYAeTCA HaNpsAMYo K ceTd. I1pu aToM cam mpeobpa-
30BaTelb NEPEKIIOYAeTCs Ha CIEAYIOIINI HACOC U PETryIUpyeT ero CKOPOCTh UL CTAOMIN3aluK IaBIECHUS B BEIXOIHOM
MarucTpaiy. JTta HpoIeaypa MOBTOPSIETCS aHAJOTHYHBIM 00pa30M BIUIOTH 10 BKJIFOUEHHS BCEX HACOCOB CTaHIMHU. B
IIPOM3BOJIEHBIIT MOMEHT BPEMEHH CTAOWMIIM3AIMS JaBICHHS MOXKET OCYIIECTBISITHCS 32 CUET PEryJIMpOBaHUsI CKOPOCTH
J000ro n3 HacocoB. Takas cucTeMa MOJIEPKUBACT TaK Ha3bIBAEMBIN MyJIbTHMACTEPHBIN PEKUM PabOTHI C MOCIe0Ba-
TEIBHBIM OIPOCOM O0BEKTOB peryiaupoBanus [1]. O6mas cxema MyJIbTHMACTEPHON CHCTEMbI CTAOMIM3AIMH TaBICHUS
TpencTaBlieHa Ha pucyHKe 1.

[aBneHue Ha BbIXOAE -

PI/ICYHOK 1 —061113;1 cXeMma MyJ'[I;TPIMaCTepHOﬁ CHCTEMbI CTa6I/IJ'H/I3aHI/II/I JaBJICHUA HAaCOCHOU CTaHIUHU

OCOOEHHOCTBIO TAKOW CHUCTEMBI, KOTAa B LIEMb MEXIy NpeoOpa3oBaTeieM M JBUTATEICM BKIIOYACTCS JOTOJHH-
TENIbHOE KOMMYTHUPYIOIIEE YCTPOHCTBO, SBISETCSI CHUKEHHE HAJCHKHOCTH AIIEKTPOIIPUBO/A B 1EIOM. [IpudnHa B TOM,
YTO MPH CHIKEHUM HANPSOKEHUS B CETH HUKE OnpejieieHHoro npeaeia (mopsaka 180B) mporcXoauT OTKIIIOUEHHE CH-
JIOBBIX KOHTAKTOPOB M, COOTBETCTBEHHO, Pa3pPhIBACTCS MUTAOIIAs [IEIb aCHHXPOHHOIO 3JIeKTpoaBurarteis. Eciu npo-
MaJaHne HAMpsDKCHUsI B IMTAOIIEH diekTpoceTr OyzaeT mmurenbHeM (6onee 60 c), To mpeobpasoBarens OmpeaenseT
CHIDKEHHE HAIPSDKEHUS B CETH M OTKJIFOYACT KJIFOUM MHBEPTOPA, MPHU ITOM JBHraTelb HAcoca yCICBACT OCTAHOBUTHCS.
[Tocne MOSBICHUS IEKTPOITUTAHUS K KaTYIIKE KOHTAKTOpa MPUKIIAIBIBACTCS HAMPSDKEHHE, LIEbh MEKIY Mpeodpa3oBa-
TCJIEM YaCTOThI U ABUTATCIIEM 3aMbIKACTCA U CUCTEMA BO3BpalIlaeTCH B pa6oq14171 pe)Kl/IM.

HamHoro XysKke CKJIaJpIBaeTCsl CUTYyalusl, KOT/Ia MpomajaHne Hanpsokerus B cetu kparkoBpemennoe (0,5¢ u Gornee).
KoHTakTOp CHIOBOI IienH yCHeBaeT OTKIFOYUTHCS 3a 3TO BpeMs, IPU 3TOM HArpy3ka MmpeoOpa3oBaTeiss CTAHOBHUTCS
PaBHOW HYJIO W HANpsSHKCHHE KOHICHCATOPOB 3BEHA IOCTOSHHOTO TOKA MEUICHHO CHIDKaeTcs. B 3aBUCHMOCTH OT
MOIIHOCTH Mpeo0pa3oBatelisi BpeMs WACHTU(UKAIMY MIPONAJaHUs] HANPSHKEHHUS MOXET COCTABUTh HECKOJBKO CEKYHIT
(or 2 mo 10-tu), a 10 3TOTO TpeobpasoBarelb OyAET BHIAaBATh HA BBIXOIHBIC KJIEMMbI HAMPSKEHHE HOMHHAIBHON
YaCTOTHl U aMILTUTY/Ibl. B 3TO ke Bpems JABHUrartellb Hacoca OyJeT OCTAaHABIMBATHCS B PEXKHMME BbIOETra IO/ BO3JCUCT-
BHEM Harpy3Ku.

Ecnu B MOMEHT BpeMeHH, KOTJia KOHTAKTOp YK€ YCIIeN OTKJIIOUYHMTHCS, a MpeoOpa3oBaTesb YacTOThHI ellle He HJIeH-
Tl/I(l)l/IIlI/lpOBaﬂ nponaz[aHI/le HaHpﬂ)KeHI/IH B CCTH, 3J'IeKTp0Hl/ITaHI/Ie IIOABUTCS BHOBb, TO B CUCTEMEC BO3HHUKACT chyauml,
KOTOPAast MOXKET MPUBECTHU K OTKA3y MPeoOpa3oBarTeist 4acTOThl. DTO 0OYCIOBICHO TEM, YTO MPH HATHYHH EPEMEHHOTO
HAINPSDKCHUS Ha BBIXOHBIX KJIEMMax MpeoOpa3oBatelis U CpadaThIBAHUN CHIIOBOTO KOHTAKTOpa K OOMOTKaM JBHTraTesIs
MIPUKIIAABIBACTCS HOMUHATBHOE HANPSHKEHUE, WK OJIM3KOoe K HeMy. B 00MOTKax CHOBa MOSIBIISICTCS] ICPEMEHHBIN TOK,
3HAYUTEIBHO OOJIbIIIE HOMHHAIBHOTO 3HaueHHs (BIUIOTH JO HIECTHKPATHOTO MPH TOJHON OCTaHOBKe jaBuratess). O0-
MOTKHM aCHHXPOHHOTO JBHTATENsl JOIMYCKAIOT TAaKyIO MEPErpy3Ky, a BOT IpeoOpa3oBaTellb YacTOTHl — HET. B yuriem
cilydyae npeodpa3oBarellb YaCTOThl OTKIFOUUTCS 110 TIeperpy3ke, B Xy/IIeM — MPOU30HIET OTKA3 CUIIOBBIX KIIFOUeH HH-
BepTopa.
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OnucanHy0 podsIeMy [Uis Ciiydasi KPaTKOBPEMEHHOTO MCYS3HOBEHUS HANPSKEHHSI B MUTAIOLICH CETH MOXKHO pac-
CMOTPETH, UCIIONIB3YSl METOJ] UMHTAIIMOHHOTO MozenupoBanus B cpene MATLAB. CunrtesupoBanHas (GpyHKIIHOHAIBHO-
BUpTyabHas Mojesb B makeTax Smulink-SmPower Systems uzobpaskeHa Ha pUCYHKE 2.
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PucyHnok 2 —®DyHKIHMOHAIBHO-BUPTYalbHast MOZEb cucteMbl [TU-AJ] HaCOCHOI ycTaHOBKH

3Ha‘-leHI/lﬂ napaMeTpoB, BBOAUMBIX B ITOJId HACTPOCK AJIA BCEX DJICMCHTOB MOACIN COOTBETCTBYIOT pC€aJIbHBIM I1apa-
MeTpaM 3JIeKTpOoTeXHn4ecKor npoaykuuu ¢pupmbl LENZE, skckito3uBHBIM nipe/icTaBUTENIEM KOTOPOH B YKpanHe sBIIs-
ercsi komnanusa «CB Anbrepa». OT0 KacaeTcs BEJIMYMH COMPOTUBICHUM, MHAYKTUBHOCTEH, EMKOCTEH, MaJeHuil Ha-
MPSOKEHUH HA BEHTUIISAX B OTKPBITOM COCTOSIHUH U T.II.

B Monenu ucronp30BaHbI ClIeAYIONIHE OJIOKH:

M — acHMHXPOHHBIH 3JEKTPOABUTATENH ¢ KOPOTKO3aMKHYTHIM potopomM LENZE MDXMA-180-22 (MorHocTs 22
kBT, ckopocth 145606/MuH, Hanpspkenne 400B, wacrora 50T );

UZ — cunosoit moayns FP75R12KE3iuBepTopa mpeobpaszoBatens yactoTsl Ha BeHTIwAx |GBT/Diodes;

AUZ — cucrema ynpasienus BeHTiisimu uasepropa ¢ IHUM-monynsiiumeit, yacrora kommyTanuun 80000 ;

U — HeynpaBisieMblii BBIIPSIMUTENb Ha THO/1aX, CO3/IAI0IINIT 3BEHO TIOCTOSIHHOTO TOKa;

C1, C2 —emkocTHOI1 (puibTp B 3B€HE MMOCTOSHHOTO TOKA, COCTOSIIIMN M3 IBYX IOCIEI0BATEIbHO BKIIIOYEHHBIX KOH-
JICHCATOPOB, KX bl eMKOCThi0 4500MKD;

AC —cetb nepementnoro Toka 380B, 501y;

QF — BXOmHOW aBTOMATHYECCKHI BBIKIIOYATENb C cHcTeMol ympasieHus AQF, KoTopas MMUTHPYET MpOMajaHHe
HANpPSDKEHUS B CETH M BOCCTAHOBIICHUE MTUTAHMS,

K — criioBoit KOHTaKTOp MEXIY MpeoOpa3oBaTesieM YacTOTHI U AJICKTPOIBHUTATENIEM C CUCTeMOi yipasieHus AK;

Mcw — 6710k (hOpMUPOBaHUS COCTABIISIONICH MOMEHTA HATPY3KH HACOCHOW yCTAHOBKH, 3aBUCSIIECH OT €ro CKOPOCTH
COTIACHO BBIpaKeHHIO My = 02Ky, e Ky = Myom / ©rom>, @ ®pom = 153¢™ 1 Myom = 144HM;

Mxx — 6110k 3amanus MomMeHTa xoa0cToro xona Mxx = 0,1Myom;

SW — KIJIFOY [TOJ]AYH U CHATHS CHI'HAIA MOMEHTA XOJIOCTOTO X0/1a;

UM — cymmarop, popMUpPYIOMIKIA TTOTHBII MOMEHT COTIPOTUBIICHUS dJIeKTpornpuBoaa Hacoca Mc = Myx + Mcw;

UV — natymk TUHEHHOTO HampspKeHus Mexnay gasamu 4 u B;

UA — natumk Toka B (haze 4,

Scopel — BupTyanbHblid ocuminiorpad), oTodopaxkaroumii rpaguKkd U3MEHEHHUs JIMHEHHOT0 HanpsDKEHHUS U (a3HOTo
TOKa Ha OOMOTKE CTaTOpa AJICKTPOABUIaTEeIIs;

Scope?2 — BUpTyalbHBIH ociunIorpad, 0ToOpakaroIui TuarpaMMbl H3MEHEHUS YTJIOBOW CKOPOCTH U 3JICKTpOMAr-
HUTHOTO MOMEHTA JBHUIATEIIS.

Anroput™ QYHKIIHOHUPOBAHUS MOJIENN CIIEYIOIIUI:

0 <t < 1 c —paboTa 3IEeKTPONPUBOIa B HOMHHAIBHOM PEKUME IO CKOPOCTH U MOMEHTY;

t = 1 ¢ —npomnaganue HANPSHKEHNS B ceTH (OTKIIIOUEHHE aBTOMATa U CHIIOBOTO KOHTAKTOPA);

1 <t < 3 C —TOpMOXEHHE IBUTATEIS MO HATPY3KOH IO MaJlo CKOPOCTH;

t = 3 ¢ —B0306HOBICHHE TTHTaHK (BKIIOYEHHE aBTOMATa M CHIIOBOTO KOHTAKTOpPa);

3 <t < 4,5 C a3roH 3AeKTPOABUTATEIIS 10 HOMUHAIBHON CKOPOCTH;

4,5 <t <5 ¢ —paboTa 3MeKTPONPHBOIa B HOMHHATILHOM PEXKUME;

t = 5 C —okOHuYaHHE BpeMEHH MOCIHPOBAHUSI.

Ha PUCYHKC 3 MMpEeACTaBJICHBI JUarpaMMbl U3MCHCHUA yFJ'IOBOﬁ CKOPOCTH U JJICKTPOMArouTHOI0O MOMECHTA ABUTATE-
JIsSl HACOCHOM YCTaHOBKH COTJIACHO ONMMCAHHOMY BBIIIE AJITOPUTMY .
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Pucynok 3 —/lnarpaMMbl CKOPOCTH H 3JIEKTPOMAarHUTHOTO MOMEHTA

U3 I'pa(bI/IKOB BHUHO, YTO IIOCJIC NCYE3HOBCHUS HA ABE€ CEKYHIBI IMUTAIOMICTO HAIIPSHKEHUS MPOUCXOAUT HWHTCHCUB-
HO€ TOPMOXCHHE ABUTATCIIA HAacocCa IO Hany3KOﬁ IIpu HYJICBOM MOMEHTE. Ilocne mosiBneHms HalpsHKCHUSA B CETH
JABUTATCIIb Ppa3sroHACTCA OT CKOPOCTH, KOTOpasd UMejia MECTO Ha MOMCHT BKJIFOUCHUSA MMATAHUA, 10 HOMHUHAJIbLHOHN BEIH-

yuHbl. [Ipu 3TOM mapabouuecKuii XxapakTep KPHBOH MOMEHTA COOTBETCTBYET TEXHOJIOTHYECKOH 0COOCHHOCTH PabOThI
HaCOCHOM yCTaHOBKHU.

PI/ICYHOK 4 WUTIOCTPUPYCT XAPAKTEP USMCHCHUA HAINIPAKCHNA U TOKA B CTaTOpHOﬁ LCIH JJICKTPOABUTATECIIA.
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Pucynox 4 —I'paduku n3MeHeHHs MTHOBEHHBIX 3HAUE€HHUI JINHEHHOTO HAINPSDKEHUS U (ha3HOTo TOKa

IMony4eHHbIe pe3yIbTaThl HATIBIHO MOKA3bIBAIOT CYIIECTBEHHbIH OPOCOK TOKa MPU BO30OHOBIICHHH ITUTAHHS [PU
HOMUHAIIBHOM 3HAYCHUH HAIIPSDKCHHS.

CiiesiyeT OTMETHUTD, YTO B PEATBHBIX CHCTEMAX MPEBBINICHHE TOKA OTHOCHTENBHO HOMHHAIBHOTO 3HAYEHUs Oyjer
etiie GOJIbINE, €M B PE3YIBTATE MOJEIUPOBAHKS. ITO CBA3AHO C TEM, YTO BUPTYaAIbHbIE OJOKM aBTOMATA U KOHTAKTOPa
B CBOHMX IOJIIX HACTPOEK 00S3aTENIBLHO COMepsKaT mepexoaHoe conporusienue (Snubbers resistans). U xors ero Benu-
YHHA 3a/[a€TCs JOCTATOYHO GOJIBIIOI, TEM He MEHee, IPU OTKIIFOYEHHH KOMMYTHPYIOIINX 3JIEMEHTOB B MOJENH MOJIHO-
O pa3pbiBa LMK HE TPOUCXOAUT. DTO U MPUBOIUT K HEKOTOPOMY OTPAHHYIEHHIO TOKA 110 BEIIHYHHE.

DaKkTHYECKH PACCMOTPEHHAS CHUTYALUSI [IOBEICHHS CHCTEMBbI TIPH BO30OHOBJICHHH DIIEKTPOIIMTAHHSI TTOCIIE €ro Kpat-
KOBPEMEHHOTO UCYE3HOBEHHSI COOTBETCTBYET PEXKUMY IPSIMOTO IyCKa aCHHXPOHHOIO JIEKTPOJBHraTelist 0e3 orpaHu-
YEHU YCKOPCHHA CO CTOPOHBI CUCTEMBI YIIPpABJIICHUS. HO3TOMy )44 HyCKOBOﬁ TOK IJId 9TOT'O Cliy4dad OUYCHb BCJIUK.
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OjHUM M3 BapHaHTOB PEILEHUS] PacCMaTPUBAEMON MPOOJIEMbI MOXKET OBITh BHIOOp HpeoOpa3oBaTess YacTOThl HA
0O0JIBIITYI0 MOIIHOCTD, YTO ITO3BOJUT BEHTWISIM IPOITYCKaTh TOK IPH MPSAMOM Iycke nBurartens. OJHAaKO MPH ITOM Cy-
HIECTBEHHO YBEIIMYMBAIOTCS IICHOBBIC U YXYAIIAIOTCA MacCOra0apUTHBIC TIOKA3aTEIIH.

Bosee mepCrieKTUBHBIM SIBJISIETCSl BAPHAHT UCIIOJIb30BAaHHUsS MCTOUYHUKOB OeCrepeOOiHOro 3JICKTPONMUTAHUS MaJIOH
MOIIHOCTH JJIsl TAPAaHTHPOBAHHOTO 3JICKTPOCHAOKCHHS KATYIICK CHIIOBBIX KOHTAKTOPOB. Y3€J CHUJIOBOW YaCTH CXEMBI,
00eCTICUMBAOIINI TEPEKITIOYCHUE YJICKTPOIBUTATEIIS C MPeoOpa30BaTeIs YacTOTHl HA CETh IPUBE/ICH HA PUCYHKE 5.

Cetn 380B.50I
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Pucynok 5 —Cxema nepeksIroueH s 3IEKTPOABUraTElls C MPeoOpa3oBaTesst YaCTOTHI Ha CETh

KonrakTbl Sl, S2 3aMbIKalOTCS BHEIIHEH CHUCTEMOM yIpaBJeHUs! IepeKIItoueHreM HacocoB. [Ipu TakoM mojkiove-
HUM ¥ TIPOTIaJIaHUs JIEKTponuTaHus KoHTakTop K1 ocraercst 3aMKHYTBIM IpH paboTe ABHUTaTelisi OT IpeodpasoBaress
4acTOTH. J[BUrarens mpooipKaeT BpalaThes U NOTPEOIATh SHEPTHIO OT KOHJICHCATOPOB 3BEHA IIOCTOSIHHOTO TOKA, Cy-
LIECTBEHHO YCKOPsIs Iponecc ux paspsiaa. Ilocne sToro npeodpazoBarTeiib 4aCTOTHI ONMPEAEIIAET CHIKCHNE HAPSDKEHHS
B 3BEHE IIOCTOSIHHOTO TOKa M OTKJIIOYAeTCs ¢ nHAnKanuei ommoku «Huskoe HanpsbkeHue». Korna anexktpocHabxeHne
BOCCTaHABJINBAETCS], IOBTOPHBIHN 3aITyCK CHCTEMBI YIPABJICHHUS HACOCAMH IPOU3BOJUTCS B IITATHOM peKHMe 0e3 pas-
PBIBOB M KOMMYTAIIM{ B IeNIM MeXIy IpeoOpa3oBaTeieM 4acTOThl M ABUraTelieM IoJ Harpyskoil. Ilpu stom cinenyer
MIOMHHTB, YTO YCTPOHCTBO BHEIIHETO YIIPABJICHHUS HACOCAMH, HAIIPUMED, IPOTPAMMHPYEMBIH JTOTNMUECKUH KOHTPOJLIED,
HEo0XO0MMO TaKKe MOJKIIOYNTH K HCTOYHUKY Oecriepe0oiHOro NuTanus, 4To0bl KOHTaKT Sl ocTaBasics 3aMKHYTHIM. B
Clly4ae pealu3aliy CUCTEMBI YIPaBICHUS NEPEKIIOUEHHEM HaCOCOB Ha OCHOBE CAMOI0 peoOpa3oBaTesis YacTOThI He-
00XO0ANMO UCIIOIB30BATh T'APaHTUPOBAHHOE 3JIEKTPOCHA0KEHHNE TOIBKO AT KOHTaKTOPOB.

B menom MOXXHO OTMETHTBH, YTO NPHUMEHEHHE UCTOYHHMKOB OecrepeOOHHOro 3JIEKTPONHUTAHMSI MO MOIIHOCTH,
JIOCTaTOYHOM Il MUTaHUs KaTylleK KOMMYTHPYIOIIUX KOHTAKTOPOB, CYIIECTBEHHO MOBBIIIAET HAIEKHOCTb CHCTEMBI
3JIEKTPOIIPHUBOJIAa HACOCOB, YMEHBIIAsl BIMSHUE NTEPENa 0B HAPSOHKEHHUS B CETH Ha padOTy HACOCHOH CTaHIMH.
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