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ABTOMATHU3UPOBAHHOE YIIPABJIEHUA HACOCHOTI'O AI'PETATA HA
BECKOHTAKTHOM YCTPOMUCTBE B CUCTEME 'M/IPOME/IMOPALIUUA

HurmaTtoB A3u3XK0H MaxKkaMOBHUY
cmapwuti npenodasamesnb
Ao6aykaguposa Kamuia baxaagupoBHa
AobaycasnomoBa XanuTx0oH UKOO/IKOH KU3H
HayuoHaawvHbll uccnedosamenwckuti ynugepcumem « THHHMCX»
Tawkenmckuil 2cocydapcmeeHHbIl mexXHUYecKull yHugepcumem- cmydeHmka

AHHOTauMA: B daHHOU pabome 6bL1U U3YYeHbl B0NPOCLI O COCMOSIHUE HACOCHbIX
CMadyuu, 80npocbl 0 3aujume coopyxceHus. B pabome 6biiu pekomeHO08aHbI
npuMeHeHUue MeXHUYecKux cpedcme asmomamuku. Tak Jce paccmompeHbl
mexHuyeckue mpe6osaHue 8 3KCN/Ayamayuu HACOCHOU cmaHyuu. B cmambve 6bliu
paccmompeHbl Mmemodbl 3awyjumbsl MAWUHHO20 3a/4d om 3amonJeHue. bblaa
cocmas/ieHa NPUHYUNUAAbHAS CXeMd ynpas/aeHusi Hd mupucmopax.

Kinw4yeBble ciaoBa: OpoweHue, mpaH3ucmop, KOHOeHcamop, 0am4uk, HAcoc,
dpeHadic, agapus, mupucmop, pe3ucmop, HacblueHHbll MoK, pese, cCuzHaJl, duazpamma.

BBEJEHUE

B mepuoj 3KcmiyaTaliu HAaCcOCHBIX CTAaHLMKA Ha NpPAKTUKe YCTAaHOBJIEHO, YTO
JIs1  3arJlyO0JIeHHbIX 3JJaHUM HACOCHBIX CTaHUUH, 0060pYy/0BaHHbIX HAaCcOCaMHU C
nogayer o 3 M3/c , NPUHUMAKOT COBMeELlEHHble JPEHaKHO-OCYIIUTEJbHbIE
CUCTEMBbI, a NpU Oo0Jiee KPYNHbIX HAcocax - pa3jiesibHble CUCTEMbl JpeHa)ka U
ocymeHusi. Eciv ecThb cnenuasbHOe 0OG0CHOBaHMWE, TO JAJS1 OCYLIeHUS NMPOTOYHOMU
4acTU HACOCOB /[ONYCKAaeTCA MCIO0Jb30BaTh IepeHOCHble CaMOBCAChIBAWOUIME U
Horpy>kHble Hacocbl. OpocUTe/IbHbIE HACOCHBIE CTAHIUU PabOTalOT B OPOCHUTETbHBIN
epuo/, AOMYyCKalT NepepbiBbl B paboTe. PaboTalT Takue CTaHLUH JIMLIb B TEIJOE
BpeMs, NO03TOMY TpeO6OBaHUSA K TEMJOCTOMKOCTU OrpaKJalUiMX KOHCTPYKLUN
3/JaHUM CHWXKeHbl; TpebyeTcs MeHblIasg IJIOWAAb CJAYXXeOHbIX IOMeL|eHUM;
HamnopHble TPy6ONPOBObI MOXKHO MPOKJ/a/ibIBaTh HA HEOOJBILOW I'TyOHHE, a UHOT A
U OTKpBITO; MeponpuaTUsa 1o 0Oopbbe ¢ Wyrod ¥ NOpPOTUB 0OMep3aHUA
COpPOYZEPKUBAKIIMX peueTok He TpebywTcd. OpHako Npy ce30HHOM paboTe
HACOCHbIe CTAaHIMU MIPU OJJHOM U TOM >Ke 0ObeMe NepeKauyuBaeMOW BOJbI J0JIKHbI
MMeTb OOJIBLIYIO N0/a4yy, YeM CTaHLUM, paboTawliue Kpyrablid rof. B cBa3u ¢ aTuM
1esiecoo0pa3HO  yBeJUYUBATh MPOAO/KUTENBbHOCTh  PabOThl  OPOCHUTEJbHBIX
HAaCOCHBIX CTaHIMU. BO3MOXHOCTH KpaTKOBpEMEHHBIX IepepblBOB B paboTe
HACOCHBIX CTAHJUH M03BOJIIET YMEHbUIUTD YMCJIO pe3epBHBIX arperaTos [1].

IlocTaHoBKa 3ajayu. /[peHaXXHO-OCYLIWTeJIbHble CUCTEeMbl, KakK IPaBUJIO,
COCTOAIT M3 NPUEMHBIX KOJIOALEB, COPOCHBIX U HAIOPHBIX TPyOONPOBOZOB, HACOCOB,
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3allOpHOM TPYyOONpPOBOJHOM apMaTypbl U KOHTPOJIbHO-U3MEPUTEJbHBIX PUOOPOB.
[IpueMHbIE KOJIOALBI JpPEHaKHO-OCYIIMTEJbHOW CHCTEMbl pa3MeLaldT Ha CaMbIX
HU3KHUX OTMeTKax 3JaHHuf, 4YTOObl 00eCneyuTb CaMOTEeYHBbIM CJMB BOJbl M3 BCeEX
noMmeuieHuit. [lpy 3TOM KoJoAel, OCYyHIMTEJIbHOW CUCTEMBI JOJ/DKEH OBITh
3alpOEKTUPOBAaH TaK, 4YTOObl HCK/IIOYUTHh BO3MOKHOCTb 3aTOIJIEHUS 3/aHUSA
CTaHLIMU NpPU HeNpeJBUJIEHHOW OCTAaHOBKeE HACOCOB OTKa4yKW. Paboyasg eMKOCTb
NpHUeMHBIX KoJ104LeB V, Ji, ¥ ojia4ya JpeHaXKHbIX HACOCOB

Q.El: -}I/C'

V=2qTy;

Qa = (1,5..2)2q,

rae Xq - CyMMapHbId QUIBTPALMOHHBIN pacxon, 1/c, £q =q1 + qz + q3; T1 - Bpems
HamnoJsiHeHUs kosioana (He meHee 600 c gy kaMmepHbIX cTaHUMA U 1200 ¢ gand
O6JI0YHBbIX HACOCHbIX CTaHLUM). /[ 06beAMHEHHOW JpeHaKHO-OCyUIMTeJbHOU
CHUCTEMBI MOJjlaya HAacOCOB OTKA4yKM A0JKHA ObIThb He MeHee Q = Q, + XQo. Cuctemy
JipeHaka 0ObIYHO OOCIY>KUBAKOT HEe MeHee [IByX HAacOCOB (O/IMH pe3epBHbIM ), CUCTEMY
OCYLIEeHHUS - HEe MeHee JIBYX HacocoB (6e3 pe3epBHOr0), a 00’beJUHEHHYIO IPEHAXKHO-
OCYLUUTEJIbHYI0 CUCTEMYy He MeHee Tpex HacocoB (OAUH pe3epBHbIM). /[us
JIPEHAXKHBIX U OCYUIUTEJNbHbIX CUCTEM >KeJlaTeJbHO NMPUMEHSATh CaMOBCAaChIBaKOIIHe
WU 06bIYHble Hacocbl TUma K wiau /I mpu rapaHTHpPOBaHHOM WX 3ayuBe. [Ipu
crenMajbHOM OOOCHOBAaHMM Ha YHHUKAJbHBIX HACOCHBIX CTAHIMSAX MOTYT ObITh
IpUMEHEHbl apTe3WaHCKHWe Hacocbl. /JlpeHakHble M OCyUIMTeJbHble HACOChI
yCTaHABJMBAIOT Ha HE3aTOIJIsSeMbIX OTMeETKaxX, €CJU 3TO HEBO3MOXHO - TO B
crelMaJibHbIX HE3aTOIJIIEMbIX OTCEKAxX UJIK Ha BbICOKUX PyHJIaMeHTaX. BkitoueHue
M OTKJIIOUEHHE HACOCOB JAPEHAXXHOW CUCTEMbl JIO/DKHO ObITh aBTOMAaTHYE€CKHMM B
3aBUCHMOCTH OT YPOBHS BO/IbI B [PEHAXKHOM KOJIOAIIE.

CoopyxeHHSI U 000pyZl0BaHHWE HACOCHBIX CTAHIUU JIODKHbI ObITh CHAGXKEHbI
KOHTPOJIbHO-U3MepuTeabHbIMU npubopamu (KHUII), cnocobHbIMU 3adpUKCUPOBATD U
N0JlaTh CUTHAJ O HEUCHPABHOCTHM NPU OTKJOHEHHWU OT HOPMaJIbHOM pPaboThl KakK
060pyI0BaHUs, TaK U OT/EJbHBbIX COOPYXXEHUU, a B CJAydyae ONACHBbIX Meperpysox,
KOTOpble MOTYT BbI3BaTh aBapHI0, OTKJIOYUTb HEUCIpPaBHble arperaTbl WA BCHO
ctaHyio. CUrHa/l O HEWCHPABHOCTH CJeAyeT IMoJlaBaTb: NMPU MOHWXKEHUU WU
NOBBILIEHUH YPOBHSI BOJbI 0OJiblle JONYCTUMOrO B HMXXHEM W BepxHeM Obedax
HACOCHOW CTaHIIMM, a TaKXKe B JPEHaKHOM KOJIO/Ille; TMOBBIINIEHHOM 3aCOpPEHUU
COpPOY/IEP>KUBAIOIIMX pPelleTOK U GUJIbTPOB CUCTEMbI TEXHUYECKOT'0 BOJIOCHAGXKEHUST;
HEHOpPMaJIbHOM YPOBHE MacJia B BaHHaX 3JIeKTPOABUraTesel; NpeKpalleHnu Nojayu
BO/JIbl B CUCTEMBI OXJIQXK/eHHUS; eperpeBe NOANIHUKOB HAaCOCOB C mojlavyeit 6oJsee
0,5M3/c uiu asieKTpoJBUraTesiell MolHOCTbIO 60Jiee 320 KBT; HeUMCIIPaBHOCTH Liemne i
yrpaBJyieHHus1 (00pbIB, KOPOTKOE 3aMblKaHHE W JApP.) Ha HACOCHBIX CTAHIMSAX JOO0HU
MOILIHOCTU [2]. ABTOMaTHU4YeCKOe OTKJIYEHHE arperaToB MNpeAyCMaTPUBAIOT B
CAeyIIUX CAy4yasx: IPpU aBapUHWHOM IeperpeBe MOAIIMIHUKOB HACOCOB MoJayen
6osiee 0,5 M3/ ¢ WaM aJieKTpoaBurateser MouHocTbio 6osee 320 KBT u npu
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NpeKpalleHUH MoJaYyu BOJAbl HA OXJAXKAEHHWEe WM CMa3Ky, He3aBepLIeHHOM IycKe
WJIM OCTAaHOBKE OJJHOTO U3 arperaToB (OTKJIIOYAIOTCA BCe arperaTsl, paboTawliye Ha
TOT >Xe TpyOONpOBOJ, YTO M AaBApPUWHBIM); 0OpaTHOM TOKe BOJbI WJIA OOpPAaTHOM
BpallleHU! arperaTa; aBapuiHOM IIOHWKEHUHU [laBJIeHUA B CUCTeMe peryJupOoBaHUS;
aBapUMHOM MOBBILIEHUH YPOBHSA BOJBI B BepxHeM Obede; CHUXKEHUM YPOBHS BO/bI B
HIDKHEM Obede HMXKe [JONYCTUMOIO WJIM IPA 3aCOPEHUH COPOYJAEepKHBAKLIUX
pelleToK, YTO MOXeT IPHUBECTH K paboTe arperaToB B IpeJaBapUHHOM pexHMe;
3aTOIJIEHMU MAIIMHHOTO 3aJa ([10JaeTcsa UMITYJIbC Ha OTKJII0YEHHUe BCeX arperaTos U
3aKpbITHE BCeX OCHOBHBIX 3aTBOPOB); CpabOTKe 3JIeKTpUYeCKUX 3allUT. PaboTa
0eCKOHTAKTHBIX 3JIEKTPOHHBIX U NOJIYIIPOBOJAHUKOBBIX peJle OCHOBAaHAa Ha BBeJEHUU
IIOJIOKUTEJbHOW OOpaTHOM CBA3M B COOTBETCTBYWOINMe ycuauTeau. OcobeHHO
IIMPOKO NMPUMEHAIOTCA NMOAOOHBIEe pesie B CYETHO-pellalolied TeXHHWKe B KadyecTBe
JIOTUYECKUX 3JIeMEeHTOB. B 3TOM ciydae 0c060 BaXKHYI0 pOJIb UIpaeT He TOJIbKO
NOBBbIIIEHHAas Ha/IeX)KHOCTb 3JIEMEHTOB, HO U UX ObICTpoJercTBUe. YUC/I0 BKIIOYEHUN
B CEeKYHJY [JOCTUraeT 3/eCb COTeH ThbICAY, YTO HEeJOCTHXKUMO JJ1 OOBIYHBIX
3JIEKTpOMarHuTHbIX pesie [3]. B kadecTtBe npumepa Ha puc.l (a), npuBejeHa
YyOpOlleHHass CXeMa peJie Ha TpaH3ucTopax. Pese mnpexacraBisgeT cob6ou
JIByXKaCKaJIHbI yCUJIUTEJIb IOCTOSTHHOTO TOKA C M0JIOXKUTEJbHON 06paTHOU CBA3bIO,
T. €. BBIXOJJHOE HalpsiKeHHe C KOJIUIEKTOpa TpaH3uctopa T2 nogaercsa yepes
pesuctop R2 Ha Bxopm Tpan3suctopa T1. Pese umMeeT TOJBKO JBa YCTOMYMBBIX
cocTosiHUA: U060 TpaH3uctop T1 3akpbIT, TOorga TpaH3UCTOpP T2 OTKpBIT, JHUOO
HaobopoT [4]. Eciu BxogHOU (ynpaBastouiuii) curHaa Uy, OTCYTCTBYeT, TO NOJ,
fleictBMeM HanpspkeHus cMmelieHUs Uew Tpansuctop T1 okaxeTcad B COCTOSIHUM
OTCeYKHU (3aKpbITbIM), a TpaH3ucTop T2 mepeiieT B COCTOSIHME HACbILEeHUSd, T. €.
OTKpOETCH, TaK KaK KOJIJIEKTOpHOe HalpsKeHue TpaH3uctopa T1 dyepes pesuctop R1
nonazieT Ha 6a3y T2. HanpsikeHue Ha Bbixoje Usyix OyeT 6/1M3K0 K HyJ10. [Ipy nmojaue
JlOCTaTOYHOrO OTpUIaTesbHOro HanpsbkeHusa Uy Ha Bxog TpaH3uctopa T1
NOC/eJHUA HaYHET OTKPBIBATbCH, €ro KOJIJIEKTOPHOe HalpsKeHWe CHU3UTCH, YTO

IMPpUBEAECT K 3allUPAHUI0 TPAH3NUCTOPA T2 HallpAXeHHUeM CMEelleHnud Ucem.
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Puc.1. CxeMa (a) 1 guarpamMmma paboTsl (0) peJie Ha TPaH3UCTOpPaX.

A >3TO moBJsedeT 3a COOOM CKAYKOOOpasHOe yBeJU4YeHHe KOJIJIEKTOPHOIO
HanpspKeHUs TpaH3ucTopa T2, koTopoe 4yepe3 pe3uctop RZ2 monazet Ha 6a3y Tl u
obecrieuuT mnepexos, Tl B HacbilleHHOe cocTtosgHue [5]. Ha BbIxoge mnosiBUTCA
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HanpsbkeHUe Upyy. [lapaMeTpbl cXeMbl paccydMTaHbl TaK, YTO OJHOTO TOJIbKO
KOJJIEKTOPHOT'O HaNpsiKeHUsl TpaH3ucTopa T2 HeNOCTAaTOYHO [Jisl yAep’KaHUS
TpaH3ucTtopa T1 B HAChIIIEHHOM COCTOSIHMU. [103TOMY, KaK TOJIbKO BXOJHOW CUTHAJ
yMeHbIIUTCA A0 3HadyeHUus1 U, U, Tpan3uctop Tl BeIAAET U3 COCTOSIHHS HAChIIEHUS,
HanpsbKeHWe KoJIJIEKTopa nomajeT yepe3 pe3uctop R1 Ha 6a3y TpaHsuctopa T2 u
OTKpoeT ero. Pejie BepHEeTCsl B UCXOJHOE COCTOSIHUE C HYJIeBbIM HaIpsKeHHEM Ha
BbixoZle [6]. Takum o6pasoM, 3To peJsie MNpeobpa3yeT IJIABHO HU3MEHSIOLUMNCS
BXOJHOW CHTHaJl B JIUCKPETHbIM BBIXOJAHOW CHUTHAJ YCTAHOBJIEHHOTO YPOBHS.
JluarpaMmma paboThl peJie IpejcTaBjiaeHa Ha puc.1 (6).

PemieHue 3aga4du. beckoHTakTHble cxXeMbl, 006JaJalolie pesiedHbIMU
CBOMCTBaMH, MOTYT ObITh IOCTPOEHBI TAKXKe U HA TUPUCTOpax. Ha puc. 2. npuBeeHa
cxeMa THUPUCTOPHOrO peJie, cocTosias M3 JAByXx TupuctopoB /1 u /|2, aHOjAbI
KOTOPBIX CBSI3aHbl Yepe3 KoHzaeHcaTop C.
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Puc. 2. CxeMma TUpUCTOPHOTrO peJie.
ConpoTuBIeHHEe Harpy3ky R, BK/II0OUeHO B aHOJHYIO leNlb IePBOT0 TUPUCTOPA, a
B aHOJHYIO Ilellb BTOPOrO BKJIIOYEHO OaJsiacTHoe conpoTuBjseHue R. [lpu nmopaue

oTnupawilero curHajsa Uy Ha ynpaBJslOWUKA 3JeKTpoJ Tupuctopa 1 nmociaenHuu
OTKPBIBA€TCA U B HAarpy3Ke MOsABJIAETCH TOK.

CHATHe ynpaBJAKILEr0 CUTHAJIA U JaXke [0a4a OTPULLATEeJIbHOTO HAllpSXKeHUs
Ha yNpaBJIAKIIUNA 3J€KTPO/J, He NMPUBOAAT K BBIKJIKYEHUIO TUpUcTopa /J|1, Tak Kak
BKJIIOYEHHBIM TUPUCTOpP TepsdeT yNnpaBiasgeMOCTb. /Il ero BBIKJYEHUS CIYKUT
BTOpOM TUpHUCcTOp (/12). [Ipu nojgade Ha Tupucrop /2 ornupatouiero curdaja U2 oH
BKJIIOYaeTcs, a KoHgeHcaTop C, 3apsaAuBIINNCA BO BpeMsA IPOBOJAUMOCTHA TUPHUCTOPA
A1 fo Hanps>)KeHUs MCTOYHMUKA C NOJIAPHOCTBIO, YKa3aHHOM Ha pHUC. 2, pa3psaKaeTcs
yepe3z Tupuctop [J1. Tok pa3pAfa KOHJEHcAaTOpa UMeeT HallpaBJIEHHE,
IPOTHBOIIOJI0KHOE HalpaBJIeHUI0 aHOAHOro TokKa Tupucropa /l1, a 3HayeHUe ero
NpaKTUYEeCKU HUYEM He OrPaHUYEHO NPU YCJOBHUH, KOHEYHO, YTO NPOBOJUMOCTH
paspsAAHOTO KOHTypa He M3MeHseTcsd. [loaToMy mpu AOCTHXKEHUM TOKOM paspsja
KOHJIeHCaTopa 3HayeHUs aHOJHOrO TOKa NpoBojsAuero tupucropa /1 nmociegHui
BBIKJIIOYAeTCH, TaK KaK pe3yJIbTUPYIOIIMU TOK 4Yepe3 HEero CTAaHOBUTCH PaBHBIM
HYJI0, 3, 00paTHBIA TOK HEBO3MOKEH U3-3a BEHTUJIbHBIX CBOMCTB TUPUCTOPA.

BeiBoA. Bo MHOrMX aBTOMaTU3MPOBAaHHbIX CUCTEMAX YNpaBJIEHUs CyLleCTBYeT
peseiiHas 3allMTa U KOHTAKTHasg aBTOMAaTHKa. YIpOIleHHWe CXeMbl KOHTAaKTHOU
aBTOMAaTMKU C T[OMOLIbI0 IOJYNPOBOJHUKOBBIX 3JIEMEHTOB o0Oecle4uBaeT
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YCTOMYUBOCTb PabOThl CUCTEMbI. YNPOIIEHHAs cXeMa OECKOHTAKTHOW aBTOMATHUKH
3aHMMaeT MaJIo MecCTa, y,00Ha B 9KCIJIyaTallMW Y MOBbIIIAET HAZAEKHOCTb CUCTEMBI
yInpaBJieHHS.
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