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PABOTA BECKOHTAKTHBIX JEKTPOHHBIX YCTPOVCTB B
CUCTEME ABTOMATHU3UPOBAHHOI'O YIIPABJIEHUA HACOCHOI'O
AT'PEI'ATA

HurmaToB A3u3:;koH MaxkaMOBHUY - CTAPIIMHI [IPENOIABATEID.
FOnycoBa Caiiépa TomkeH00OeBHA - JJOLICHT.
Ongamyponos UopaTdexk AOAMKa000POBUY - CTYJICHT

HaunonanbHelil uccnenoBarenbckuid yaupepeuter « THUMMCX»
TamKeHTCKUN TOCYTapCTBEHHBI TEXHUYECKU YHUBEPCUTET

AHHOTAIUA

B nanHoil pa®oTe ObUIM M3yu€HBbI BONPOCHl O COCTOSIHUE HACOCHBIX CTAaHIIMH,
BONPOCHl O 3allUTe coopykeHus. B paboTe ObUIM pPEKOMEHIOBAHBI MPUMEHEHHE
TEXHUYECKUX CPEACTB aBTOMATHKU. Tak ke pacCMOTPEHbI TEXHUUYECKHE TPeOOBaHHE B
AKCIUTyaTalliM HAaCOCHOM CTaHUMU. B cTarbe OBLIM paccMOTPEHBI METOJbI 3aLIUThI
MAaIlllMHHOTO 3aJla OT 3aToluieHue. bputa cocraBieHa NpPUHLOMNMANBHAA CXEMa
YIPaBJIEHUs HA THPUCTOPAX.

KuroueBnie cioBa: OpouieHue, TpaH3UCTOp, KOHJEHCATOp, NaT4yuK, HACOC,
JIpEHaX, aBapusl, THPUCTOP, PE3UCTOP, HACBILIEHHBIN TOK, peJie, CUTHAJI, AUarpaMMma.

BBeaenne. B mepuon skcrulyarauMM HACOCHBIX CTAHUMKA Ha IIPAKTUKE
YCTaHOBJIEHO, YTO JJIsl 3ariayOJICHHBIX 3[aHUIl HACOCHBIX CTaHLUN, 000pYyIOBaHHBIX
HacocamH ¢ rnogaydei 10 3 M3/c, NpUHUMAIOT COBMEIICHHBIE IPEHAKHO-0CYILIUTEIbHbIE
CUCTEMBI, a mHpu Ooyiee KPYMHBIX HAcocax - pa3/ielibHbIe CHUCTEMbI ApEHaXa U
ocymieHus. Eciau ects criennanbHoe 000CHOBaHUE, TO AJISI OCYIIEHUS IPOTOYHOM YacTu
HacOCOB JIOITYCKAETCS MCIIOJIb30BaTh NEPEHOCHBIE CAMOBCACHIBAIOIINE U MOTPYKHBIE
Hacocbl. OpocHUTeNnbHbIE HACOCHBIE CTAHIMM pPabOTalOT B OPOCUTENIBHBIN Mepuo,
JIOTIYCKalOT MepepbiBbl B pabore. PaboTaloT Takue CTaHUMU JUIIb B TEIJIOE€ BPEMs,
MO3TOMY TPEOOBaHUS K TEIUIOCTOMKOCTH OTPAXKMAIOMINX KOHCTPYKIIMN 3IaHUMA
CHW)KEHBI; TpeOyeTcs MeHbllas IUIOWAAb CIIY>)KEOHbIX TOMEILIEHUH; HaMOpHbIE
TpyOONPOBOBI MOKHO MTPOKJIAILIBATH Ha HEOOJIBILION TIIyOMHE, @ MHOTJA U OTKPHITO;
MEpomnpuATUs 1O OopbOe C WIyrod W TPOTUB OOMEp3aHUs COPOYACP>KUBAIOIIMX
peneTok He TpedyroTcs. OJTHaKo MpU CE30HHOM paboTe HACOCHBIE CTAHLIUU MPU OJTHOM

U TOM ke oOBeMe nepeKaqHBaeMoﬁ BOAbI OJOJIXKHBI MMCTb 6OJ'II>IHYIO noaavdy, 4cm

CTaHIMH, paboTaroue Kpyriblii To1. B ¢Bsi3u ¢ 3TUM 11e1€c000pa3HO yBETUYNBATh
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MPOJIOJKUTEIBHOCTh PA0OThl OPOCUTENBHBIX HACOCHBIX CTaHIMA. B03MOXHOCTH
KpPaTKOBPEMEHHBIX NEPEPHIBOB B pab0OTE HACOCHBIX CTAHIIUW MO3BOJIIET YMEHBIIIUTD
YHUCJIO PE3EpBHBIX arperatos [1].

IocranoBka 3agaum. JlpeHaXKHO-OCYNIMTEIbHBIE CHUCTEMbI, KakK IPaBUIIO,
COCTOSIT U3 MPUEMHBIX KOJIOAIEB, COPOCHBIX M HANOPHBIX TPYOOTPOBOJIOB, HACOCOB,
3aIMOpHOM TPYOONPOBOJAHONW apMaTypbl U KOHTPOJIHHO-U3MEPHUTEIBHBIX MPUOOPOB.
[IpuemHBIE KOJNOIUBI APEHAKHO-OCYLIIUTEIBHOM CHCTEMBI pPa3MEIIAlOT Ha CaMbIX
HU3KUX OTMETKax 3JaHus, YTOObl 00ECIEeUUTh CAaMOTEUHBI CIMB BOJBI M3 BCEX
nomemenuii. [lpy 3ToM KoJloAel] OCYIIMTEIbHOM CHUCTEMBbl JIOJDKEH OBITh
3aMpOEKTUPOBAH TaK, YTOOBI MCKIIFOUUTh BO3MOKHOCTh 3aTOIUICHMS 3IaHUS CTAHIINH
IpU HEMPEJBUJICHHOW OCTAaHOBKE HACOCOB OTKauku. Paboyasi eMKOCTh MPUEMHBIX
KoJioAtes V, J, ¥ mojiaya JpeHaXHbIX HACOCOB
Qy /e,

V=2qTy;

Q= (1,5...2)xq,

rae Xq - cyMMapHbli GUIBTPAIMOHHBIA pacxo, Ji/c, Xq = (1 + Q2 + (s; T1 — Bpems
HarnosiHeHus koJoana (He meHee 600 ¢ mist kamepHbIX ctaniuid U 1200 ¢ 1151 6J109HBIX
HACOCHBIX CcTaHuUi). 151 00beIMHEHHOM APEHAKHO-OCYIIUTEIbHON CUCTEMBI Moj1aua
HACOCOB OTKa4YKH JOJDKHA OBITh HE MeHee Q = Q, + XQo. Cucremy npeHaxa 0OBIYHO
00CITy’)KMBaIOT HE MEHEEe JIByX HAcOCOB (OJMH pE3EPBHBIN), CUCTEMY OCYIICHUS - HE
MEHEee JIByX HacocoB (0e3 pe3epBHOT0), a 00BEAMHEHHYIO JPEHAXKHO-OCYIIUTEIHHYIO
CUCTEMY HE MEHee TpeX HacocoB (OAMH pe3epBHBIN). s JpeHaXHBIX U
OCYIIUTENBHBIX CUCTEM JKEJATeIbHO MPUMEHATh CAMOBCACHIBAIOIINE I OOBIYHBIC
Hacocel Tvuna K wmmm JI nmpu rapantupoBanHoM wux 3aimBe. [Ipu cnennansHOM
O0OOCHOBAaHMM HA YHHKAJbHBIX HACOCHBIX CTaHIUSIX MOTYT OBITh NPUMEHEHBI
apTe3UaHCKUE HACOCHI. J[peHaXXHBbIE U OCYIIMTENIbHBIE HACOCHl YCTaHABIIMBAIOT Ha
HE3aTOIUISIEMBIX OTMETKaX, €CIM JTO HEBO3MOXXHO - TO B CHEHUATBHBIX
HE3aTOIUISIEMBIX OTCEKaxX WM Ha BBICOKMX (yHIAaMeHTaX. BKiroueHue u OTKII0UEeHHE
HACOCOB JPEHAXKHOW CHUCTEMBI JOJKHO OBITh aBTOMAaTHYECKUM B 3aBHUCHMOCTU OT
YPOBHS BOJIbI B APEHAKHOM KOJIO/ILIE.

CoopyxeHusi 1 000pyI0BaHNE HACOCHBIX CTAaHIUU JOJIKHBI OBITh CHAO>KEHBI
KOHTPOJIbHO-U3MepuTenbHbiMu nipubopamu (KUIT), cmocobHbiMU 3adUKCUPOBATH H
noJaTh CHUTHAJ O HEHMCIPABHOCTH TMPU OTKIOHEHUU OT HOPMaJIbHON pabOThl Kak
0o00Opy/1I0BaHUs, TaK U OTHEJBbHBIX COOPYXKEHMM, a B Clydae OMAaCHBIX MEPErpy30K,
KOTOPBIE MOIYT BBI3BAaTh aBAPHIO, OTKIKOYUTH HEUCHPABHBIE arperaTtbl WIH BCHO T
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ctaHuuio. CHrHajgm O HEHWCHPABHOCTU CIEAYyET NOAaBaTh: MPHU MOHWKEHUH WA
MOBBIIIEHUA YPOBHS BOJBI OOJbINE JOMYCTUMOTO B HIKHEM M BEpXHEM Obedax
HACOCHOM CTaHIMU, a TakK€ B JPEHAXXHOM KOJIOJIE; MOBBIIMIEHHOM 3aCOPEHUHU
COpPOYIEPKUBAIOIINX PEIMICTOK U (PHIBTPOB CHCTEMBI TEXHUYECKOTO BOJIOCHAOKCHUS;
HEHOpPMaJbHOM YPOBHE Macjia B BaHHAX AJICKTPOJBUTATENCH; MPEKpAIICHUN TTOAauH
BOJIbI B CUCTEMBI OXJIAKIEHUS; IEPErpeBe MOITUITHUKOB HACOCOB C Toaaueh Ooiee
0,5M%/c MM BNIEKTPOABUraTENEel MOMIHOCTEIO Oosiee 320 KBT; HEMCIIPaBHOCTH Lienei
ynpasieHus: (0OpbIB, KOPOTKOE 3aMbIKaHWE U JIp.) HA HACOCHBIX CTAHIUAX JHOOOM
MOIIHOCTH [2]. ABTOMAaTHYECKOE OTKJIIOYEHHE arperaToB MNpPEeayCMATPUBAIOT B
CIEAYIOIINX ClIydasXx: IPU aBapUWHOM IEpPErpeBe MOAIIMITHUKOB HACOCOB MOJAyYe
oonee 0,5 M% ¢ wnm onexTpomsurarteneil MomHOCTEIO Oonee 320 kBt um mpum
MPEKpaIlCeHUH MO0JIauy BOJIbI HA OXJIAXKIACHUE WU CMa3Ky; HE3aBEPIICHHOM ITyCKE WU
OCTaHOBKE OJHOTO U3 arperaTtoB (OTKJIIOYAIOTCS BCE arperaThl, padoTarolue Ha TOT Ke
TpyOOINpPOBOJ, UTO M aBapUHHBIN); OOpPAaTHOM TOKE BOJbI WJIM OOpAaTHOM BpallleHUU
arperara; aBapuiiHOM MOHUYKEHHUH JIaBJICHUSI B CUCTEME PErYJIMPOBAHUS; aBAPUUHOM
MOBBIIICHUA YPOBHS BOJABI B BEpXHEM Obe(e; CHUKECHUM YPOBHS BOJbBI B HUKHEM
Obede HIKE TOMYyCTUMOTO WM MPHU 3aCOPEHUM COPOYACPKUBAIOIIUX PEIIECTOK, YTO
MOXET TMPUBECTH K pabOTe arperaToB B MpeIaBapUilHOM pPEXUME; 3aTOIUICHUU
MAIlIMHHOTO 3aJ1a (TMI0JJa€TCsl UMITYJIhC Ha OTKJIIOUEHHE BCEX arperaToB U 3aKphITHE BCEX
OCHOBHBIX 3aTBOPOB); CpPa0OTKE HJIEKTPUUYECKUX 3aluT. PaboTa OECKOHTAKTHBIX
AJIEKTPOHHBIX M MOJYIPOBOJIHUKOBBIX PeJie OCHOBaHA HA BBEJACHUU MOJIOXKUTEIHHON
0oOpaTHOM CBSI3U B COOTBETCTBYIOIIUE ycunuTean. OCOOEHHO MUPOKO MPUMEHSIOTCS
MOI00HBIE peJie B CUETHO-PEIIAIONIEH TEXHUKE B KaueCTBE JIOTHUECKUX 2JIEMEHTOB. B
TOM Ciiy4ae 0CcO00 Ba)XHYIO POJIb MTPAET HE TOJBKO TMOBBIIMICHHAS HAaJACKHOCTH
AJIEMEHTOB, HO U UX ObICTpoAeiicTBHE. UNCO BKIIFOUEHUN B CEKYHY TOCTUTAET 3€Ch
COTEH TBICAY, YTO HEJOCTHKUMO JIJIi OOBIYHBIX DJIEKTPOMArHUTHBIX pene [3]. B
KadecTBe nMpumMepa Ha puc.l (a), mpuBeieHa yIpoIleHHas cxeMma pelie Ha TpaH3UCTOopax.
Pene mpencraBnser coOol ABYXKAaCKaaHBIM YCHIIUTENb IOCTOSHHOTO TOKa C
MOJIOKHUTEIIBHOW OOpaTHOM CBS3BIO, T. €. BBIXOJHOE HAMNPSDKEHHE C KOJUICKTOpa
Tpan3zucTopa T2 nmogaercsa yepe3 peauctop R2 Ha Bxox tpanzucropa T1. Pene umeer
TOJIBKO JIBA YCTOWYUBBIX COCTOSHUA: JINOO TpaH3ucTop T1 3akpwIT, TOT/Ia TPAH3UCTOP
T2 orkpeiT, 100 HaoOopor [4]. Ecim BxomHo#l (ynpasnsromuii) curHan Uy,
OTCYTCTBYET, TO MOJI AciicTBUEM HamnpsbkeHus cmenienus Uy, Tpan3uctop T1 okaxercs
B COCTOSHHUM OTCEYKH (3aKpBIThIM), a TpaH3uctop T2 mnepeiseT B COCTOSHHE
HACBIIIEHHUS, T. €. OTKPOETCA, TaK KaK KOJJIEKTOpHOE HampshkeHue TpaHzuctopa T1
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yepes pesuctop R1 nmomager Ha 6a3y T2. Hanpsbkenue Ha Boixojae Ugyx OyaeT 6au3ko
Kk Hymo. [Ipu mogade poctaToyHoro orpumarenpHoro HampspkeHus Uy Ha BXoA
Tpan3uctopa T1 mociaegHuit HayHET OTKPBIBATHCS, €r0 KOJUICKTOPHOE HANPSIKEHUE

CHU3HTCS, YTO MPUBEJIET K 3alUpPaHUIO TpaH3ucTopa T2 HanpsixkeHueM cMemeHus Uey,
a) 6)
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Puc.1. Cxema (a) u quarpamma pabotsl (0) penie Ha TpaH3UCTOpax.

A 3TO moBJIEYeT 3a CO00I CKayKO0Opa3HOEe YBEIMUEHUE KOJUIEKTOPHOTO HANIPSIKEHUS
Tpanzuctopa T2, koropoe uepe3 pe3uctop R2 momamer Ha 0a3zy T1 u obecmeyut
nepexon T1 B HackimeHHOe cocTosiHUE [5]. Ha Bbixojne mosBuTcs HaNpsHKeHUE Upyy.
[TapaMeTpbl CXeMbI paCCYUTAHBI TaK, YTO OJHOTO TOJBKO KOJIJIEKTOPHOTO HAIPSKEHUS
Tpan3uctopa T2 HegocTaToyHO IJIsi yAepKaHusi Tpanzuctopa T1 B HAChIIIEHHOM
coctosiHuU. [loaTOMyY, KaK TOJIBKO BXOJHOW CHUTHaJl yMeHbIUTCA 10 3HaueHus U, U,
Tpan3uctop T1 BBIIAET U3 COCTOSTHUSI HACBIIICHMS, HATIPSDKEHUE KOJUIEKTOpa MOMaieT
yepe3 pesuctop R1 Ha 6a3y Tpanzucropa T2 u oTkpoeT ero. Pese BepHETCs B UCXOTHOE
COCTOSIHME C HYJICBBIM HampspDKeHHeM Ha Bbixone [6]. Takum oOpaszom, 3TO perne
npeoOpa3yeT TUTABHO HW3MEHSIOIIMICS BXOTHOW CHTHAT B JTUCKPETHBINH BBIXOIHOU
CUTHAJ yCTAaHOBJIEHHOT0 YpOBHs. Jlnarpamma paboThI pesie npeacTanieHa Ha puc.1 (0).

Pemienne 3agaum. beckoHTakTHbIE CXeMbl, OOJIAJAIONINE PEICHHBIMU
CBOMCTBaMH, MOTYT OBITh MIOCTPOCHBI TAK)KE U HA TUpUCTOpax. Ha puc. 2. mpuBeneHa
CXeMa TUPUCTOPHOTO pefie, COCTOAIIast U3 ABYyX TUpucTtopoB 1 u JI2, aHOIbI KOTOPBIX

CBsA3aHbl yepe3 konaeHcartop C.
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Puc. 2. Cxema TUpUCTOPHOTO peIe.

ConporuBiieHre Harpy3ku R, BKIIFOUEHO B aHOJHYIO LIE€NIb IEPBOTO TUPUCTOPA,
a B aHOJHYIO LIENIb BTOPOTO BKJIIOYEHO OayutacTHoe conportusiieHue R. [Ipu nmomaue
ornuparomero curtana Uy Ha ynpasisiolmui anekTpon tupucropa 1 mocnennwuii
OTKpPBIBAETCS M B HATPY3KE MOSBIISAECTCA TOK.
CHsTHE yNpaBisIOLIEro CUrHajga M Ja)ke MojJada OTPUILIATENIbHOTIO HaIpSKEHUS Ha
YOPaBISIOMIMN 3JIEKTPOJI HE NPUBOAAT K BBIKIIOUEHUIO Tupucropa [1, Tak kak
BKJIFOUYEHHBIN TUPUCTOP TEPSIET YIPABIAEMOCTb. J[JI €ro BBIKIIFOUEHHS CITY>KUT BTOPOI
tupuctop (12). Ilpu momaye Ha Ttupuctop /2 ornuparomero curHama U2 oH
BKJIFOYAETCs, a KoHeHcarop C, 3apsAUBLIMIICS BO BPEMS IPOBOJUMOCTH TUPHUCTOPA
J1 1o HanpspKeHUsT HCTOYHHKA C MOJSPHOCTBIO, YKA3aHHOW HA PHC. 2, pa3psyKaeTCs
yepes Ttupucrop J1. Tok paspsma KOHAEHcCATOpa HWMEET HalpaBJICHUE,
IIPOTUBOIIOJIOKHOE HAITPABIICHUID aHOAHOrO Toka tupucropa /1, a 3HaueHwme ero
IPAaKTUYECKA HUYEM HE OTPAaHUYEHO IPU YCIOBHUH, KOHEYHO, YTO IMPOBOJAMMOCTH
pa3psAIHOTO KOHTypa He u3MeHsercs. 1103ToMy mpu NOCTHKEHHH TOKOM paspsiaa
KOHJIEHCAaTOpa 3HA4Y€HUs aHOJHOIO TOKa mpoBojsauiero tupucropa [l mocnennuii
BBIKJIFOYAETCS, TAK KaK pPe3yJbTUPYIONIUN TOK Yepe3 HEr0 CTAHOBUTCS PABHBIM HYIIIO,
a, OOpaTHBIN TOK HEBO3MOXEH M3-3a BEHTUJIBHBIX CBOMCTB TUPUCTOPA.
BbiBoa. Bo MHOrMX aBTOMaTHM3MPOBAaHHBIX CHCTEMAaX YIPaBJICHUS CYIIECTBYET
peneriHas 3aluTa M KOHTAKTHAs aBTOMATHKA. YTMPOIIEHHE CXEMbl KOHTAKTHOM
aBTOMATUKXM C TOMOULIbIO  MOJYNPOBOJHUKOBBIX  AJIEMEHTOB  OOECIEeYHBAET
YCTOMYMBOCTh PAa0OTHI CUCTEMBI. YTIPOIIEHHAsS cXeMa OECKOHTAKTHOW aBTOMATHUKH
3aHMMaeT Majio MecTa, yJ0OHa B 3KCIUTyaTallMd W MOBBIIAET HAAEKHOCTh CUCTEMBI

yIPaBJICHHUS.
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