YACTOTHO-PETI'YJIMPYEMBIE ITPUBO/IbI
B PEKOCTPYKIMHU CUCTEM YIIPABJIEHUSA

3a mocnemnue 10-15 ner B o0macTd aBTOMATHU3AlMU TEXHOJIIOTHYECKUX MPOIECCOB
peryiaupyeMsle IMPHUBOJBI NEPEMEHHOTO TOKA C ABTOHOMHBIMM HWHBEPTOPAMH TOKa WU
HaIpPsKEHUs CYIIECTBEHHO MOTECHUIN MTPUBO/IbI TOCTOSIHHOTO TOKA.

C momenTa mosiBiieHusi Ha peiake [IMM-npeoOpa3oBateneili 4acToThI, B3aMEH HHBEPTOpPaM C
IPUHYAUTEIPHON KOMMYyTalMel, MOMYJISIPHOCTh YacTOTHO-perynupyemoro mpusoga (YPII)
pe3ko Bo3pocia. Beimyckaemble B HacToslee BpeMs MpeoOpa3oBaTell 0XBaThIBAIOT JUANA30H
MOIIIHOCTEN OT aeciaTKOB BA 1o corhu MBA u nanpsiokenust ot 100 B no 10 xB.

CoBpemennbiiit YPII oTinyaeTcss BBICOKOW HAAEKHOCTHIO, YKOHOMHUYHOCTBIO W IO CBOUM
CTaTUYECKUM M JTUHAMUYECKUM XapaKTEPUCTHKAM MaJl0 OTJIMYAETCS OT MPHUBOJA MOCTOSHHOIO
TOKa, a B YEM-TO U IPEBOCXOAUT €r0, a UMEHHO: i .

¢ lcnonb3yemsie B UPII pasnuusble ABUTATENIN IEPEMEHHOIO :

TOKA HaJIeKHEE ABUTATENIeN MOCTOSIHHOTO TOKA U K TOMY ke |
TpOIIE B SKCIUTyaTalliH, OHM YCTOHUYMBEI IPOTHB BO3ACHCTBHSA |
OKpY’KaloIel Cpeabl 1 MOTYT paboTaTh B CYTry0O TSKEIbIX
YCIIOBHSIX.

e B O0oJbIIMHCTBE MPHIOKEHUH  HE TpeOyercs AaTUMKOB
4acTOTHI BpalieHus (cuctema 6e3 oOpaTHOM CBSI3H 11O CKOPOCTH).

e (Cyry0o KeCTKHE XapaKTePUCTUKH MPU UCTIOIb30BaHUU CUHXPOHHBIX JABUTaTENICH.

e 3ammra JBUTATeNs, NpeoOpazoBaTelis M MEXaHHYECKOro O0O0OpYIOBaHHMS HAMHOIO
HajZie)kHee U d¢dekTuBHee, Onarogaps MNPUHIUIY IIUPOTHO-UMITYJIBCHOM MOIYJISIIUU
(uacrora moxymsiuuu ot 1 Krip go 20 Krm) B coderaHun ¢ MHUKPONPOLECCOPHOU
CHUCTEMOH 3aIUThI.

IIpuMeHnsieMble B HacTosIee BpeMsl IpeoOpa3oBaTeNM YaCTOThl C aBTOHOMHBIMH HHBEPTOPaMU

HATPSDKEHUS WM TOKa 00JIaJaloT CIeYIOIUMU CBOMCTBAMH:

¢ [ludpoBas MUKpOIIpOLIECCOPHAsE CUCTEMA, HAPSAY C BEKTOPHBIM
OPUHLIMIIOM  YOPABJICHUS, TO3BOJIAET TMOJYYUTh XOPOIIHE
XapakTepUCTUKU TMPUBOAA JaXX€ HAa HU3BKHX YacToTax,
oOecrnieunBasi, B HEKOTOPBIX CIy4asiX, IMOJAJEpKaHHEe MOMEHT Ha
BaJly ABUTATENS U MPU HYJIEBBIX 000pPOTaX.

e Xopomire SHepreTH4ecKre moKka3aTean

o BbIcokuit COS O,
O HH3KHUI ypOBEHb BBICIIUX TAPMOHUK,
o Beicokuit KIIJ]

e ®dopmMa BBIXOJHOTO TOKa OJIM3KAa K CHHYCOHUJE, YTO TO3BOJSET
IIPU OIPEIETICHHBIX YCIOBHIX MPUMEHATH OOLIEIPOMBIIUIEHHBIE 3JIEKTPOIBUTATENH, O€3
JOTIOTHUTEIBHBIX (PMIIBTPOB U YCUIICHUS U3OJISAIINU.

¢ Bo03MOXHOCTb peKynepaluy 53HEPrud TOPMO3HOIO MOMEHTa B TMHUTAIOIIYI0 CETh
(mpeoOpazoBaTeN CO CHENUATBHON CXEMOW YIPABISIEMOTO BBIMPSIMUTENS WIH C
MHBEPTOpPaMH TOKA).

¢ ABTOMaTHYECKOE MOJKIIOYEHHE NpeoOpazoBaTelsi K BpalllalolleMycs JABUTATENI0, Tak
HA3bIBACMBIN PEIKUM «ITOJXBAT C JIETA».

e [lnaBHOCTH pa3roHa ¥ TOPMOXKEHHUSI CHIKAIOT JUHAMUYECKHE Harpy3Kd Ha
MEXaHUYECKHUE YAaCTH YCTAHOBKHU U MUTAIOLYIO CETh.

Ob6nacte mpumenenust YPII oOmmpHa M 0XBaThIBaeT pa3Hble OTPACIU HAPOJHOTO XO3AWUCTBA.
OHM DpUMEHHMMBI Ul PA3JIMYHBIX TEXHOJIOTMYECKUX YCTAaHOBOK, OTAEIBHBIX MEXaHU3MOB,
CTaHKOB, UCIIBITATEIbHBIX CTEH/OB.



B npunaraemom pedepeHn-nucTe mepedrcieHbl 00BeKTHl, rae  ycnemHo pabdotaror YPII,
BHespeHHble TOO «PBCA».

Bot Hekoropsie npumepsl npumenenus: YPI1:
1. VYmpaBneHue mpou3BOAUTENIBHOCTHIO U HAllOPOM HACOCOB M BEHTWIATOPOB, YPOBHEM
MaTepuaia B eMKOCTSIX.

PerynupoBanue paspexeHus IMoxnopuslii  Hacoc PerynupoBanue ypoBHs

3aaHHBIE TapaMETPhl U3MEHSIOTCS WIH NTOAAEPKUBAOTCS PEryJIMPOBAaHUEM YaCTOTHI BPALLICHUS
npuBoAHOro asurarens. B atux npunoxkenusx YPII pocturaercs makcumanbHash 3KOHOMHMS
JIEKTPOIHEPTUH, B HEKOTOPBIX Ciiydasx oHa jgocturaer 50 % npoTHB TPaAMLMOHHBIX CHUCTEM
pErylIMpOBaHMs C UCIOIb30BAHUEM PETYJIMPOBOYHBIX 3aCJIOHOK M HAIPABJISAIOUIUX ammaparos. B
CIIy4asX PpEeryJupOBaHUs YPOBHsS 3a 4YacTyl0 NPUXOIUTCS IPOU3BOAUTH YAaCThle IIyCKH U
ocraHoBbl (perynupoBanue no npuHuuny ON/OFF), YPII xe mo3Boisier cOalaHCUPOBATh
IPOM3BOJUTENBHOCTh HAacoca C IIOCTYIUIGHHEM NpOAyKTa, obOecrieunBas HENPEepbIBHOCTh
perynupoBanus. [I1aBHOCTH pasroHa W paboTa Ha YACTOTE BpAIICHUS HUXXKE HOMHHAIBHOM
YMEHBIIAET HM3HOC MEXaHMYeCKOro oOOpYyIOBAaHHMSA, YCTPAHSET MOPBIBBI TPYOOIPOBOJOB IO
IPUYMHE THAPABIMYECKUX YIAapOB M IPEBBILICHUS HaBJICHUA. BKIIOUEHHE U OTKIIOYEHHE
CHJIOBBIX AJIEKTPUUYECKHX LIeNed MPOU3BOAUTCS B OE3TOKOBBIE IAy3bl, YTO IMPOJUIEBAET CPOK
CIIy’)KOBl CHJIOBOM KOMMYTAllMOHHOM ammapaTypbl. B OonpIIMHCTBE ciy4aeB OTMagaeT
HEOOXOAMMOCTh B  JOMOJHUTEILHOM oOopynoBannu KUIIMA, B 4YaCTHOCTH peEryisTOpOB
TEXHOJIOTUYECKUX TapaMeTpoB, T.K. B MpeoOpa3oBaTeNsix ecTh BCTpoeHHbIe 1udpossie [TN/I-
PEryJIATOPSI.
O0J1acTh NPUMEHEHHUA:

®  HACOCHBIE CTAHIIMH BOJOCHAOKEHUS,

®  [UIAMOBBIEC HACOCHI,

® HANOpPHBIE U BBHITSHKHBIE BEHTUIISTOPHI,

®  JBIMOCOCHI
® [oAnUTOYHbIC Hacochl TOILI
® MarucTpaibHble HACOCHBIE arperaTsl HepTe- U ra30MpoBOJIOB
® BEHTWISLMOHHBIE YCTAHOBKHU
® KOMIIPECCOPHBIE



2. I'py3onombeMHBIE MEXaHHW3MBI, TPAHCIOPTEPHI, J03aTOPBI, TUTATENH, CKHUIIOBBIC
MOAbEMHUKHU, TPAHCIIOPTHBIE MEXAHU3MBI.

JlenTouHBIN TpaHCTIOPTED CKUNOBBIH TIObEM IIutarenu yroasHOM NbUIN

e [Jlpumenenne YPII B rpy3omoabeMHBIX MeXaHM3MaxX (MOCTOBBIE M KO3JIOBBIE KpaHBI,
CKUIIOBBIC TOJBEMBI) TIO3BOJISET JOOUTHCS IUTABHOCTH TPOTAHHUS U CTaOMIBHOCTH
ckopocTH mnepeMenieHusa. (Cxema ynpaBieHUS 3HAUYUTEIBHO IMPOLIE, COKPAIAETCs
KOJIMYECTBO IYCKOPETYJIUPYIOIICH armaparypbl, MEHbIIE MOTPEOHOCTh B KaOEIbHOM
OPOAYKIMH, OTMNAaJaeT HEOOXOJUMOCTh B  IYCKO-PETYIHPYIOIIUX  PE3UCTOPAX.
Jocturaercs 5KOHOMUS SJIEKTPOIHEPTUU T.K. HET PACCEUBAHUS YHEPTUU PETYIUPOBAHUS
Ha pe3ucTopax, a B IpeoOpa3oBaTeNsix C peKymnepanueil BO3MOXKEH BO3BpaT
KHHETUYECKOM JHEPruM U DSHEPrUU TOPMOXKEHUS B CeTh. TOYHOCTH OCTAHOBAa WIIU
MO3UI[MOHUPOBAHUSI OYEHb BbICOKa Ojaroaapsi OOJBIIOMY JAMANa3oHy peryIrupoBaHUS
CKOPOCTH M BCTPOEHHOMY JMHAMHUYECKOMY TOPMOKEHUIO IIOCTOSIHHBIM TOKOM.

e [Ipumenenune YPII B mpuBOj€ JICHTOYHBIX TPAHCIOPTEPOB OOECIEYMBACT IJIABHOCTH
TPOTaHHWsT M pa3roHa, €CTh BO3MOXKHOCTb PpEryJUpPOBaHUS IMPOU3BOJUTEIBHOCTH.
[Ipumenenne 2-X 30HOW CHUCTEMbI PETYIMPOBAHUS CKOPOCTH (IBUTATENh paboTaeT Ha
gactotax BbIre 50 1), mO3BOISET MPUMEHSTH IBUTATEIh ¢ 00Jiee HU3KUMU 000pOTaMu
U, CJIEZIOBAaTENIbHO, C 3aHM)KEHHONW MOIIHOCTHIO, YMEHBUIMTH MOTPEOJICHHE >HEPruw,
CHU3UTh TOKOBYIO Harpy3ky Ha ceTb. OOOpyAOBaHHME - MEHBIIEH MOIIHOCTH U CTOUT
nemesine. [Ipu pabore Bo BTOpOil 30HE yMEHBIIIAETCSI MOMEHT Ha BaJly IBUTATENsl, HO 3TO
HE MeIIaeT HOPMaJIbHOU paboTe, T.K. B TOM CiIydae U TpeOyeMbIit pabouuii MOMEHT, KaK
MpaBUJI0, HUXKE (XOJI0CTOM IPOTOH, MaJlasi BECOBAsi HArpy3Ka Ha JICHTY).

¢ (OcHanieHue YHEPreTUYECKNX YCTAaHOBOK YaCTOTHO PETYIMPYEMBIM IPUBOAOM MHUTATENIEN
YIS WIK TBUIA Ha HOTO YJIYYIIUT yrpaBieHHe mpoieccoM ropenus. [IpeoGpasoBarenu
JIETKO COTJIACYIOTCS C PErylsiTopaMH TOpPEHHs 4Yepe3 BCTPOSHHBIN Lu(ppoBOil MOTOp-
MOTEHIMOMETpP, WM CaMH Ha NPSIMYK OCYIIECTBISIIOT PETYJIMPOBKY TEMIEPATYPHI,
JIaBIICHUS, UCIONB3Ys BCTpoeHHBIN 1udposoit 11 /I-perynsatop. Cucrema ynpaBieHHS
Ha ocHoBe UYPII kommakTHee, COAEPKUT MEHBIIE 3JIEMEHTOB, a, CJIEAOBATEIbHO, U
HaJIe)KHEH B padore.

¢ [IpuBoABI METAVIOPEKYIIMX CTAHKOB, JIMHUU MO 00pabOTKe JINCTOBOTO METajlla Tak»Ke
ocHamarorcs YPII.

OnbIT HKCIUTYaTallMK TTOKa3all OYeHb HAJIEKHYIO0 paboTy, MPUHIIMII
«CITPOEKTHPOBAJI-ITPUOBPEJI-CMOHTHUPOBAUI-
HAJIAIUJI-3AKPBLJI-3ABbLJI» cambiM  JyumuM — 00pazom
peanusyercs umeHHo ¢ YPIIL.

B npeoGpazosareinsx, Hanpumep ¢pupmbl SIEMENS, nMerorcs Takue onium Kak:



®  BCTPOCHHBIE CETEBbIe HHTEP(EICHI,

®  JIONOJIHUTENIbHBIE TPOrpaMMHUpyeMbie () YHKIIMH MPeoOpa3oBaHuUs CUTHAA.
DTO 1O3BOJISIET OOBEIUHATh HECKOJBKO MPUBOJIOB €AMHOW CHCTEMOW YIpPABJICHHS, HE
npn6era;1 K CJIOXXKHBIM BHCHIHUM peﬂeﬁHO-KOHTaKTOpHBIM cXeMaM " KOMMyTaI_[I/IOHHBIM
COCIMHEHMSM.

HacocHble craHny, Kak MpaBHIIO, OCHAMIAIOTCs 2-Ms, 3-Ms, 4-Ms U Ooliee Hacocamu,
paboTarouMMH MapajljieIbHO Ha OOLIMI KOJUIEKTOP MM  MOCIEAO0BAaTEIbHO Ha OAHY
TpyOy. B 3THX ciydaeB A moAaep KaHus 3aJaHHOTO PacXo/ia Ui JAaBIICHUS HA BBIXOJIE
CTaHIIMM JOCTAaTOYHO HMMETh OJMH HAcOC B PEXHUME PEryJupOBaHUS, a OCTAIbHbBIE
BKJIIOYEHHBIE HA MOJHYIO JONYCTHUMYIO MPOU3BOJAUTEIBLHOCTh. B ympaBienuun Takou
CHUCTEMOH HCToab3yeTcss pexkuM «Multi Pump», nmpunnmm paboThl KOTOPOTO SICEH W3
HUKE TPUBEJCHHOTO PUCYHKA
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Buauane mnocpenctBom UYPII BBomuTcs B pabOTy OOWH HACOC U, €CIU €ro
MIPOU3BOJUTENBHOCTH HE XBATAET TO:

®  BBIXOJHOE HampsDKEHHE MpeoOpa3oBaTeliss CHHXPOHU3UPYETCS 10 YacToTe U (ase
C HaIPSLDKCHUEM CETH
aMIUIUTY/Ibl HANPSDKEHUM TaK K€ BBIPABHUBAIOTCS
IBUraTenb oTkiaroyaeTcsa oT YPII
BKJIIOUaeTCsl OalacHbIi BHIKIIOYATENb
JBUTATENb MEPEBOAUTCA HA pabOTy OT CeTH
K UPII noaximrouaercs cneqyromuii 1BUraTeinb
Bkitoyaercss YPII u BeIBoAMT ABHraTens Ha pabourie 000pOTHI
peryaupoBaHue NaBJICHUS OCYIIECTBIISETCS noaAKIo4eHHbIM K YPII arperarom
Jlajiee MpoLECC MOKET MPOJOJIKATHCS MOAKIIOYEHUEM CIECAYIOLIUX arperaros
IIPU TPEBBIIICHUN 33JaHHOTO NapaMeTpa MPOHCXOJUT OTKIIOYEHHE B 0OpaTHOM
MOPS/IKE, WK OTKITIOYAETCS MEPBBIN, BCTYNUBILINMA B pabOTy JBUTATEIb.
Takas cxemMa OSKOHOMHUT KOJMYECTBO IIpeoOpazoBareneid NpU HE3HAUUTEIHbHOM
YBEIIMYECHUU 3aTpaT Ha KOMMYTAl[UOHHYIO alIaparypy.
B 310l cxeMe coxpaHsOTCA BCE MPEUMMYILECTBAa IUIABHOTO pa3roHa MPHBOJOB HACOCOB,
TaK KaK KaXKIblil TBUTATENIb B MOMEHT BKIIIOUCHHUS TIOJKII0YAETCS K IPeoOpa3oBaTeio.

He Bcerma TpeOyercs peryniMpoBaHHE YacTOThI BpalICHUS, JAOCTATOYHO TOJIBKO

o0ecrieunTh IUIaBHBIA IMYCK M IUJIaBHBIA ocTaHOB. K TakuM ycTaHOBKaM OTHOCSTCS
TypOOKOMIIPECCOPBI, HEKOTOPhbIE BEHTHIIALMOHHBIC YCTAHOBKH, KOHBEWepa, KallaHIpHI,
MEXaHU3Mbl C OOJIBIIMMH MaxOBBIMH MaccaMH, MEXaHH3MBbl, HE JOMYCKaIolIUe PEe3KUuX
AUHAMHUYCCKUX HArpy3oK. B sTtom cjrydac uenecoo6pa3Hee NPpUMCHATH TAK HA3bIBACMBIC
yCTpOMCTBA TIaBHOTO Mycka (Soft Start), B KOTOPBIX TIABHOCTH ITyCKa JOCTUTAETCS 33 CUYET
PEryjiInpoOBaHusl HAMPSKCHHUA Ha CTATOPC ABUTATCIIA. 3I[GCB TaK K€ BO3MOXCH PCKUM



YIPABJICHUS OT OAHOIO YCTPOMCTBA TPYIIIOW IBUTATENIEW C IIOOYEPEIHBIM IIyCKOM H
JTAIbHEWIIUM TepeKIIIoueHreM JBuratens Ha cerb. OOopynoBaHHe sl IUIABHOTO ITycKa
nemienne, yem st YPII, nmeer mmpokuii AuanazoH MoutHocTe u Hanpsbkenuid (no 10 kB).
Cucrema ynpapieHUs: MUKPOIIPOLIECCOPHAsI, 3alIUThl MHOI00Opa3Hbl M HA/IEKHO 3alUINAI0T
JBUTATENh U 000PYyIOBaHHE.
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