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EJEKTPOMATHITHUM AKTYATOP JUISI BAKYYMHOI'O KOHTAKTOPA CEPEJIHIX HATIPYT

IIpencraBneHo Orimsax 3acTOCYBaHHS MOHO- Ta 0iCTaOINBHEX HEMONSIPH30BAHUX Ta IOMSPH30BAHUX aKTyaTOPiB y KOHTAKTOpAaX CEpeIHIX HAIpyT.
IpoBeneHO aHaNi3 KOHCTPYKTUBHUX OCOOIMBOCTEH €IEKTPOMArHITHUX aKTyaTOpiB Ta po3po0iIeHO peKOMEH ANl Mmoo iX yaocKoHaneHHs. Po3rs-
HyTa HOBa KOHCTPYKIis 0icTabiAbHOrO akTyaTopa Ha 0a3i IOIIPU30BAHOIO MOHOCTAOLIPHOIO €IEKTPOMArHiTa 3 IOBOPOTHOIO IPYXKHHOIO, HOTO
HPHUHIMN Jii. 32 paxyHOK BUKOPUCTAHHS KiIBLIEHOJIOHOTO €IEMEHTY 3 HEMArHiTHOrO Martepiaily MiX KOPITyCOM Ta CEpJCYHHKOM €IeKTPOMAarHiTa
BJAJIOCS 3MCHIIUTH e(eKT NIyHTYBaHHS HE 30UIBNIYIOUH OCHOBHH PO3MIp eleKTpoMartirta. [y JOCIigHOTro 3pa3ka po3paxoBaHi MAarHiTHI OIS y
BIIKJTFOYEHOMY IOJIOXKEHHI, MPpH 3a30pi 12 MM MiX SIKOPEM i HEPYXOMOIO YaCTHHOIO MarHiTONPOBOJY Ta y BKIIOYECHOMY, IIPU IPUTHCHYTOMY SKOPI.
BcTaHoBIEHO BIIIUB KiTbIIEBOTO (pepOMATHITHOTO IIYHTA Ha TATOBY CUITY IIPH BiAIMyIIEHOMY Ta IPUTUCHYTOMY sKopi. Po3pobiena exexTpomexamiy-
Ha CHCTEMa KepyBaHHs 0iCTaOlIbHUM aKTyaTOPOM 3 OJIHI€I0 KOTYIIKO. [IpoBeneHi ekcriepruMeHTaIbHI JOCITiIKEeHHsT HOBOTO 0iCTabiIbHOTO aKTya-
TOpa Ha 0a3i MOIIPU30BAHOIO MOHOCTAOIIBHOTO €IEKTPOMArHiTa 3 MOBOPOTHOIO NPYKHHOIO. BCTaHOBIEHO 4ac BMHKaHHS Ta BUMHKAHHS HOBOTO
BaKyyMHOI'O KOHTaKTOpa.
KurouoBi ciioBa: BakyyMHHIT KOHTaKTOp, MOHOCTAOUTBHUIT Ta OicTabIIbHMUI €IEKTPOMArHiT, aKTyaTop, MOCTIHHUI MarHiT.
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JEKTPOMATHUTHBIN AKTYATOP JJIsI BAKYYMHOI'O KOHTAKTOPA
CPEJTHUX HATIPSIKEHU I

IIpencrasnen 0630p MPUMEHEHHS] MOHO- U OMCTaOWIBHBIX HEMOISIPU30BAHHBIX 1 ITOJISIPU30BAHHBIX JIEKTPOMATHUTOB B KOHTAKTOPAX CPell-
HUX HanpsbkeHwit. [IpoBeien aHam3 KOHCTPYKTHBHBIX OCOOCHHOCTEH 3IeKTPOMAarHUTHBIX aKTyaTOPOB M Pa3pabOTaHbl PEKOMEHIAIIH II0 HX
YCOBEPIIEHCTBOBAHMIO. PaccMOTpeHa HOBast KOHCTPYKIMS OMCTaOWIBHOTO aKTyaTropa Ha 0a3e MOJSPU30BAHHOTO MOHOCTAOMIIBHOTO JJIEK-
TPOMarHuTa ¢ BO3BPATHOMN NPYKUHOM, €r0 IPUHIIUIT ASHCTBHS. 3a CUET HCIIONB30BaHMs KOJIBLE0Opa3HOTro IeMeHTa M3 HEMAarHUTHOTO MaTe-
pHana MeXIy KOPIyCOM M CEpIEeYHHKOM 3JIEKTPOMArHUTa YAAJIoCh YMEHBIINTH d(Q(EKT NIyHTHPOBAHWS HE yBENMYMBAas OCEBOW pa3Mep
9NIeKTpOMarauTa. [t ombITHOro 00pasia pacCUUTaHbl MATHUTHBIE MOJIS B OTKIIIOUEHHOM HOJIOXKEHHH, TIPH 3a30pe 12 MM MeXy sIKOpeM H
HETO/IBIDKHOM 9acThI0 MAarHATOIPOBO/A ¥ BO BKJIIOUEHHOM, IIPH HPIDKATOM SIKOpE. Y CTAHOBJICHO BIIMSIHHE KOJIBLEBOTO (hepPOMArHHTHOTO
IITyHTa Ha TATOBYIO CIUTY NIPH OTIYIIEHHOM H IIPUTSHYTOM sikope. Pa3paboTaHa anekTpoMexaHndecKast CHCTEMA YIIPaBIeHHsT OHCTaOMIbHBIM
aKTyaTOpOM C OJHOM KarTymkoil. IIpoBeneHs! sKCHepHMEHTABHEIC HCCIENOBAaHUS ONCTAOMIIBHOTO aKTyaTopa Ha 0ase IOJIPH30BAHHOIO
MOHOCTaOWIFHOTO JIEKTPOMArHUTa C BO3BPATHOM MPYKUHOH. Y CTaHOBJICHO BpeMsI BKITFOUEHHS Y BBIKITIOUEHUSI HOBOTO BAKYyMHOT'O KOHTAK-
TOpA.
Kuarwuesble ciioBa: BaKyyMHLIﬁ KOHTaKTOD, MOHOCTAOMIBHBINA U OMCTaOUIBHBII DJIEKTPOMArHuT, akTyaTop, TOCTOSIHHBIM MarHuT.

B.V. KLIMENKO, M.A. LELIUK, V.M. BUGAICHUK, Y.B. FORKUN
AN ELECTROMAGNETIC ACTUATOR FOR THE MEDIUM VOLTAGE VACUUM CONTACTOR

A review of the use of mono- and bistable unpolarized and polarized electromagnets in medium voltage contactors is presented. The
analysis of the design features of electromagnetic actuators is carried out and recommendations for their improvement are developed.
A new design of a bistable actuator based on a polarized monostable electromagnet with a return spring, its principle of operation are
considered. Due to the use of a ring-shaped element of a non-magnetic material between the case and the core of the electromagnet, it
is possible to reduce the effect of shunting without increasing the axial size of the electromagnet. For the prototype, the magnetic
fields are calculated in the off position, with a gap of 12 mm between the armature and the fixed part of the magnetic core and in the
on position, with the armature pressed. The effect of a ring ferromagnetic shunt on the traction force at the released and pressed ar-
mature is determined. The electromechanical control system of a single-coil bistable actuator is developed. Experimental investiga-
tions of a bistable actuator based on a polarized monostable electromagnet with a return spring are carried out. The time for switch-
ing on and off of the new vacuum contactor is set.
Key words: vacuum contactor, monostable and bistable electromagnets, actuator, permanent magnet.

Beryn. KepyBaHHs HaBaHTaramu B Mepekax CepeaHix
Hanpyr 3a3BHYail 3IHCHIOETHCS] KOHTAKTOPAMHU 3 KOMYTalli-
€10 Y CepeIOBHIII MIECTUPTOPUCTOI Cipk (enerasy, SF6) ta
Bakyymy [1]. TeHaeHI{ OCTaHHIX JECATIIITh CBIYaTh PO
JIOMiHYBaHHSI BaKyyMHHUX KOHTaKTOpIB 3a PaxyHOK HaJiid-
HOCTI, BUCOKOI IIBHAKOMIT, TPOCTOTH EKCILTyaTalii Ta eKo-
noriuHoi Oe3neku. Came OCTaHHE CYTTEBO CKOPOTHIIO BH-
KOPHCTaHHSI eJIera30BUX KOHTAKTOPIB [2].

KomyTartis roloBHHX KiI y BaKYyMHHX KOHTAaKTOpax
3IIACHIOEThCS. BaKyyMHUMH II€PEPUBHUKAMH, SIKi, 4epes3
MEXaHIYHYy CHCTEMY, KEPYIOThCS JIEKTPOMAarHiTHUIMHU aKTy-
aropamu. B Mozensix KOHTaKTOpiB, 110 BUITYCKAIOThCS 1HO-

36MHUMH BUPOOHUKAMH, iCHYE JIBa THITH aKTyaTopiB: 3 (o-
PCOBaHUM HEMOJISIPHU30BAHUM MOHOCTAOUTLHUM IBOXCTpPH-
JKHEBUM €JICKTPOMArHITHUM aKTyaTOpoM (elIeKTpoMarHi-
TOM 3 TOBOPOTHOIO TPYKHHOIO) [3-7] Ta MONSIPU30BaHUM
0icTabiIbHAM €JIEKTPOMAarHiTHIM aKTyaTopom [8].

AHaii3 1UX KOHCTPYKTUBHUX PIIICHb BHSBHB PsI
HEJOMIKIB, a caMe IS MATPUMAaHHS KOHTaKTOpa 3 HEero-
JSPU30BAaHUM MOHOCTAOUTEHUM IBOXCTPHIKHEBHM EJIEKT-
POMAarHITHUM aKTyaTOpOM B YBIMKHEHOMY CTaHi HEOOXi-
HO TIOCTifHE >XHWBICHHS KOTYIIOK, IO TNPH3BOIUTH [0
ONATKOBHUX BHUTPAT EJIEKTPOEHEprii, a BHKOPHUCTAHHS
MEXaHIYHOT 3alliNK{ YCKJIQJHIOE KOHCTPYKIIiIO amapara
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[9] Ta 3HMXKYE HOrO HaAiIHHICTh. BUKOpPHCTAHHS BHCOKO-
KOEPLETUBHUX IOCTIHHUX MarHiTiB, B KOHTaKTOPI 3 MOJIs-
pu30BaHKUM OiCTAOIIBHUM EJIEKTPOMArHiTHUM aKTyaTOpOM
Ta OJJHOOOMOTOYHOIO KOTYLIKOIO BMHKAHHS 1 BUMUKaHHS,
ycyBa€ i HEJOJIKH, ajie IIPU IIbOMY MPU3BOJHUTH 10 30i-
JbUICHHS rabapuUTHUX PO3MIipiB MPHUBOJY Ta KOHTAKTOpPa B
ijoMy.

VY iockoHaeHHsI BaKyyMHHUX KOHTAaKTOPIB 3 HENOJIs-
PHU30BaHMMH MOHOCTA0UIBHUMH JIBOXCTPH)KHEBUMH EJICK-
TPOMAarHiTHUMH aKTyaTOpaMH BiJIOyBaeThbCs 32 paxyHOK
BBEJ/ICHHS JIOJIATKOBUX JeTaiel, sKi IHiJBHIIYIOTH 3py4-
HICTp HOro oOCIyroByBaHHs (HampuKJax, JeTalei,
LEHTPYIOUHX ITOBOPOTHY INPYXHHY a00 10JaTKOBOTO Ba-
JKEJIst, HEOOXITHO ISl 3HIDKCHHSI IBUKOCTI PyXy KHOIIKH
Omoky monoMikHUX KOHTakTiB) [10, 11], abo 3a paxyHOK
3aMiHM TIOBOPOTHOTO IPHBOJY Ha HPSIMOXOJOBHUII MPUBLKN
npsMoi i y BUINIAI Tapajenerninena, KOTyLIKa SKOTro
3anuta KomnayHaoMm [12]. Tlpu 1ipoMy HE3MIHHHMM 3aiu-
IIAETHCSL CIOCIO KepyBaHHA aKTyaTopaMu Ta iX 3Ha4HI
rabapuTHi po3Mipu. 3acTOCYBaHHS TaKHMX aKTyaTOPiB MO-
e OyTH 1mpobieMaTuyHo.

[lepcrieKTHBHUM HaNpsIMOM YIOCKOHAJICHHS aKTya-
TOpIB KOHTaKTOPIB € po3poOKa HOBHX a00 yJOCKOKOHA-
JICHHSI ICHYFOUMX KOHCTPYKLIH €1eKTPOMarHiTiB Ha OCHOBI
BUKOPHCTAHHS IOCTIHHUX MarHiTiB. Lle mae 3mMory 3meH-
IINTH €HEProCHOXXKUBaHHS aKTyaTOpiB, iX rabapuTHi po3-
MIpH Ta Bary, NpH LIbOMY AOCSTal0Yl 3HAYHUX CHIJI YTPH-
MaHHS. Po6oTn B LIbOMY HampsiMKy NMPOBOJISTHCS SIK VIS
MOBOPOTHHUX TaK 1 MPSIMOXOJOBHX aKTyaTOpiB.

B Hemnossipu3oBaHOMY MOHOCTA0UIBHOMY JBOXCT-
PYKHEBOMY €JIEKTPOMAarHiTHOMY aKTyaTopi po3TallyBaH-
Hs nocriiiHoro mardita NdFeB Ha koxHOMY cCTpwxkHI
poouTH HOro MONSPU30BaHUM OICTaOIIBHUM aKTyaTOpOM
[13], ogHak mpu IBOMY HE3MIHHAMH 3QJIUIIAIOTHCS HOTO
rabapuTHI po3Mipu.

binpuie pobiT NpUCBSIYEHO yJOCKOHAJICHHIO Ta PO3-
poOui akTyaTopiB IpsSMOX0A0BOro Tuity. B poborax [14-
18] posrisgaroThCs MPsIMOXOJOBI NONsIpU30BaHi Oicrali-
JbHI aKkTyatopu 0Oe3 IOBOPOTHHMX IIPYXHH 3 TNPSIMO-
KyTHOIO a0o IWIHApPHYHOIO (OpMOIO Kopryca. Buko-
HaHHS Omepauiii BMUKaHHS 1 BUMUKaHHS 3a0€311e4y€eThCs
OKpEeMHMH OJHOOOMOTOYHMMH KOTYIIKaMH, a (ikcauist y
LUX TIOJIOKCHHSX BiIOYBAETHCS 3a PaxyHOK ITOCTIHHMX
marHitiB NdFeB npu 3nectpymnenux oomotkax. ITocriid-
Hi Mar”iTd po3MiLlYIOTHCSI MIXK KOTYIIKOIO BMUKaHHS Ta
BUMMKaHHS 200 TUIBKM MK KOTYIIKOIO BMHKaHHs. OnrTH-
Mizalist po3MipiB ceplieuHuKa akryatopa [14] abo posra-
LIyBaHHS MOCTIHUX MarHiTiB 3BEpXy Ta 3HU3Y KOTYIIKH
BMHKaHHs [15] 30UIbIIye KOHIIEHTPALII0 MarHiTHOTO I0-
TOKa B MOBITPSTHOMY 3a30pi MiX SIKOPEM Ta CEpJICUHHKOM,
[0 J]a€ 3MOTY JICIIO 3MEHIIUTHA 00’ €M TMOCTIHHUX MAarHi-
TIB 1, BIINOBIAHO, Ta0apUTHI PO3MIpH aKTyaTopa, 3aiu-
[Ial0YM HE3MIHHUMH CHJIy YTPUMAaHHs SIKOpSI y BKIIIOUeE-
HOMY IOJIOXKCHHI.

BukoHaHHs KopmyciB LMIIHAPUYHOT (GopMu aae
3MOTy 3MEHIINTH rabapuTHi po3Mipu aktyaTopis [16] Ta,
3a paxyHOK JIBOX IOBITPSIHUX 3a30piB MIX SIKOPEM Ta cep-
JICYHHKOM Ta MIX SIKOPEM Ta KOPILyCOM, 30UIBIINTH CHITY
YTPUMaHHS SKOPS B IPUTATHYTOMY CTaHi.

B po6orTi [17, 18] po3risgaeTscss MOKIMBICTh BUKO-
HaHHS PYyXOMOI Ta HEPYXOMOi YaCTHHM aKTyaTopa 3 Mar-
HITOTBEPJOTo MaTepiaiy.

B po6oTi [17] po3rismaeTbcs MOXKIMBICTE BUKOHAH-
HS KOPITyCy €JEeKTPOMarHiTa, 3 0IHOOOMOTOYHOIO KOTYIII-
KOIO BMUKaHHS Ta BUMHMKaHHS, ab0 HOro pyxomoi yacTu-
HH (sikops) [18] 3 MarniToTBepHOro Marepiainy.

Po3risiHyTI eeKTpOMarHiTHI akTyaTOpd MaroTh Bl
KOTYIIKH, III0 PO3TAaIllOBaHi OJJHa HaJ OAHOO, aie ue 30i-
JBbIIYE OCBOBHH PO3MIp aKTyaropa, a BiiTak 1 KOHTaKTopa
B 1toMy. JInst 3MEHIIEHHST PO3MIpIB aKTyaTOpiB PO3IJIs-
JIA€ThCSI MOXKJIMBICTD BUKOPUCTAHHS 0iCTabiIbHOTO MOJIS-
PH30BaHOTO aKTyaTopa, II0 € MOEIHAHHSAM IOJSPH30Ba-
HOT'O MOHOCTa01JIbHOTO €JIEKTPOMArHiTa 3 O/IHIEI0 KOTYII-
KOIO 1 TOBOPOTHOI NpyuHH. [IoBOpOTHA NpyXKMHA MOXKeE
BCTaHOBJIOBAaTHCS 200, Oe3MocepeHbO, BCEPEINHI aKTya-
Topa [19, 20] abo BXOIUTH 10 CKIIaay MEXaHIYHOI cHUCTe-
MU KOHTakTopa [21-23], Hampukian, 3 po3TallyBaHHIM Ha
NIPUBIHOMY BajKeJli.

B po3risiHyTHX €NeKTPOMAarHiTHUX akTyaTropax BH-
KOPHUCTOBYIOTHCSI BUCOKOKOCPIIMTHBHI MOCTIMHI MarHiTH
Ha OCHOBI KOMITO3UTHHX MaTepialliB, HAPUKIIAJ] piaKo3e-
mensHoro Merainy NdFeB abo SmCo. Ile oGymoBieHO
OUTBIIMMU 3HAYCHHSIMH 3QJIUIIKOBOI MArHITHOT IHAYKINT
(Br) Ta xoeprutuBHOi cwin (Hc) y mopiBHSAHHI 3 iHITUMHE
MarHiToTBepaUMH Marepianamu [24], mo 30ipL1ye cuiy,
SIKy HeOOXIJJHO HPHUKJIACTH J0 PYXOMOi YaCTUHU MarHiTo-
poBoIy (HAMPHKIAL, SIKOPs), 00 HOro «BimipBaTH» Bif
HEpYXOMOI YacTHHH (HaNpuKiIaj, Kopiyca ado CepAeyHH-
Ka eyiekTpoMmarHita). OnHaK Taki akTyaTopu HeOaxaHo
KPINUTH Ha IUIAacKiil cranesid Aerani (HanpHKiIal, Ha KOp-
IyCci KOHTaKTOpa), OCKUIBKM 332 PaxyHOK IIYHTYIOYOi Jii
3a3HaueHOI CTaeBOi JeTai, 3HaYHO 3MEHIIHUTHCS MarHiT-
HHUH MOTIK MIXK SIKOPEM 1 HEPYyXOMOIO YaCTHHOIO MarHiTo-
IPOBOAY 1, BIANOBIIHO, 3MEHIIUTHCS TArOBa CHJIA EJIEKT-
pomarHity. Jnst 3MeHIIeHHsS e(eKTy IIYHTyBaHHS MiX
AKTyaTOpPOM 1 CTAJICBOIO JAETAJUIIO, Ha KU BiH KPIMUTHCS,
HEOOXiTHO BCTAHOBJIOBATH HEMAarHiTHY MPOKJIAJKY, L0
NPU3BOJUTH JI0 JESKOro 30UIBIICHHS OCHOBOI'O PO3MIpY
KOHCTPYKLII aKTyaTropa i KOHTaKTopa B IJIOMY.

BukopucraHHs IOCTIHHOrO MarHiTa B SIKOCTI
3’eqnyBaipHOro [13, 17] abo pyxomoro [18] enemenra
KOHCTPYKIII, PO3TalIyBaHHS HOT0 MDX SKOpEM Ta Hepy-
XOMOKO YaCHHOI0 MarHiTonposoja [19, 21] moxe npusse-
CTH JI0 BTPaTH HOTO MarHiTHUX BJIACTHBOCTEH abo pyHHY-
BaHHS [25].

MeTta po00TH — aHaI3 KOHCTPYKTHBHUX OCOOJIHBO-
CTEH EIEKTPOMArHITHUX aKTyaTOpiB BaKyyMHHMX KOHTaK-
TOPIB CEPENHIX HAIPYT Ta PO3pOOKA PEKOMEHIAIIIHN 1010
iX yIOCKOHAJICHHS, BTIJICHUX Y HOBi KOHCTPYKIIil aKTya-
TOpa Ha OCHOBI BUKOPHUCTaHHS BUCOKOKOEPLUTHUBHUX I10-
CTIfHUX MarHITIB.

BicTa0inbHuii eJeKTPOMArHITHHN aKTyaTop Ha
0a3i MOIAPHU30BAHOTO MOHOCTAOLILHOIO eJeKTpoMar-
HiTa 3 MOBOPOTHOIO MPY:KMHOI0. BpaxoByloun Hemoiku
PO3IJIHYTHX aKTyaTOpiB Y BaKyyMHHX KOHTaKTOpax cepe-
JIHIX Hanpyr HPOIOHYETHCS BHUKOPHCTAaHHS OicTaOiIbHOTO
€JICKTPOMArHiTHOTO aKTyaTopa Ha 0a3i MOJSPH30BaHOTO
MOHOCTa0UIBHOTO €JIEKTPOMArHiTa 3 IOBOPOTHOIO INPYXKHU-
HOIO Ta MOXJIMBICTIO HOr0 3aKpilieHHs1 Oe3rnocepesHbo Ha
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KOPITyC KOHTAaKTOpa, Ha HOro HWKHIO a0 3aHIO CTiHKY.
HoBa KOHCTpYKIisl eNEKTpOMarHira 3 KUIBIETOIi0HIM
€JIEMEHTOM 3 HEMarHiTHOrO Marepiajly, pO3TaIlIOBaHOIO
MDK KOPITycOM 1 cepedHHKOM [26] mpencraBieHa Ha puc.
1. 3a paxyHOK BUKOPHCTaHHS KUIBLIETIOIOHOTO eJIEMEHTa 3
HEMarHiTHOro Marepiairy MK KOPIIyCOM Ta CEpACYHHKOM
CJICKTPOMArHiTa BIANOCS 3MEHIUMTH €(EKT IIYHTYBaHHS
MDK KOPITyCOM KOHTAaKTOpa Ta €JISKTPOMarHiToM He 3011b-
IIyI0YM OCBOBHH PO3MIp OCTaHHBOTO.

EnexTpomarHit MiCTHUTh HEPYXOMY 1 PyXOMY 4acTu-
HM MarHironposojy. Hepyxoma yacTuHa MarHiTonpoBogy
CKJIQIa€ThCs 3 Kopitycy 1 kinbrenonioHoi popmu, duaHms
2, cepieyHHKa 3 LIIHAPOBOI cTymiHYacToi opMH, KO-
TymKy 4, NOCTIHHOTO MarHity 5 i KijibLenoaioHoro ene-
MeHTa 6, po3TamoBaHMX ycepenuHi kopmycy 1. Pyxoma
YacTHHA MarHiTONPOBOAY CKJIAIAEThCS 3 SIKOPSL 7, 3aKpill-
nenoro Ha wmToky 8. IllTok 8 Ha #oro BijbHIN TOpUEBIN
YaCcTHHI, MPOTWIEXKHII TOPLIO i3 3aKpilICHUM SKOpeM 7,
MICTHTh BHCTYI 9, SIKHM J03BOJISIE 3a0€3MEUUTH CTAOLIb-
HICTh BEJIMYMHU HOTO XOJy IpH BHKOHAHHI orepaii Bu-
MHUKaHHS KOHTaKTOpa.
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Puc. 1 EnexktpoMarHir 3 KiJIbLEnoJiOHUM €IeMEHTOM 3 HeMar-
HITHOT'O MaTepialy, pO3TalIOBaHOTO MiXK KOPITYCOM i (aHiemMm

Kopnyc 1, dnanens 2, cepaeynuk 3 i skip 7 BUKO-
HaHi 3 Mar"itom'skoro marepiainy. IlITok 8 i kinbuenomi-
OHMIT elleMeHT 6 BUKOHAHI 3 HEMarHiTHOTO MaTepiamy.
ITocTiitHmiA MarHiT 5 HaMar"HiYeHWH B paaiaJbHOMYy Ha-
MpsiMi 1 BUKOHAHUH 3 BUCOKOKOEPITUTHBHOTO MarHiTOTBE-
paoro marepianry NdFeB. ®nanens 2 ta cepmednumk 3
MO>KHA BUKOHATH Y BUTJISIII OJHIET AeTati.

EnexTpomarHitT 3akpiluTIOETECS B KOPITYyCi BaKyyM-
HOTO KOHTAaKTOpa, i ITOK 8 3'€MHYEThCS 3 KOHTAKTaMHU
BKa3aHOTO KOHTAKTOpa 3a JO0MOMOTIOI0 30BHIIIHBOTO MPH-
CTPOIO 3 [TOBOPOTHOIO MpPYx)HHOKW. Came MOBOPOTHA MpPY-
’kuHa 3abe3reuye OJHO 3 JBOX CTaOIIBHHX ITOJIOKEHb
€JICKTPOMArHITHOTO aKTyaTopa IMPH 3HECTPYMJICHIH KO-
Ty 4, KOJIH TOJIOBHI KOHTAKTH BaKyyMHOTO KOHTAaKTO-
pa po3iMKHEHHI.

Jnst mocmimHoro 3paska (puc. 1), B makeri FEMM
Oynu po3paxoBaHi MarHiTHI MO Y BiIKIIOYEHOMY TOJIO-
JKEHHI, TIpH 3a30pi 12 MM MiX SKOpEM 1 HEPYXOMOIO Yac-
THUHOI0 MArHiTONPOBOIY Ta y BKJIIOYCHOMY, TP IPUTHC-
HyTOMY sikopi (pHc. 2). 3a BiICYyTHOCTI CTPyMy B OOMOTIIi
PO3paxyHKOBE 3HAYCHHS CHJIM TSOKIHHS SIKOpSI 10 Hepy-
XOMOi YaCTUHH MarHiTOmpoBOAY IpH 3a3opi 12 MM cTa-
HOBHUTH BChOTO 6,3 H, a y MpUTHCHYTOMY CTaHi, CHJia CTa€e

piBHOXO 2570 H, 110 1IIKOM AOCTATHBO YIS IMiATPUMAHHS
KOHTAKTOpa Y BKJIIFOYCHOMY ITOJIOKCHHI.
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Puc. 2. Po3paxyHKOBI KapTUHI MarHiTHOTO HOJIS B IOCIITHOMY
3pasky npu MPC Fin = 0: a — Ipu BifmyImeHOMYy SIKOpi; 6 — IIpUTHC-
HYTOMY SIKOpi

BukopurcTtanHs KiblieBOT0 (PepoOMarHiTHOTO MIyHTa
301IBIIyE TATOBY CHITY TIPH BiJMyIIeHOMY siKopi [27], ane
[PU 1[bOMY, 3MEHILYE CHITy YTPUMAHHS SIKOPS y MPUTHC-
HyTOMY CcTaHi (puc. 3).
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Puc. 3 Po3paxyHKOBI KapTHHI MarHiTHOTO TIOJISt
B JIOCJIITHOMY 3pa3Ky 3 KUIBIIEBUM (hepOMArHiTHAM LIyHTOM HPH
BimmymeHoMy (a) Ta npurucHyToMy (6) sikopi pu MPC Fin =0

Cuila NPUTHCKAHHS SKOPSI 0 HEPYXOMOT YacTHHH
MarHiTONpOBOAY B JOCIITHOMY 3pa3Ky NpH Pi3HUX 3HaA-
YEHHSIX 3a30py MiX SKOPEM 1 HEPYXOMOIO YaCTHHOIO Mar-
HITOTIPOBOy 0€3 Ta 3 KiJbIEBUM (PepOMArHITHAM IIIYHTOM
TpeacTaBieHi B Ta0. 1.

Tabmui 1 — Cuita IpUTHCKaHHS SKOPSI 10 HEPYXOMOI Ya-
CTHMHH MarHiTONPOBOAA

Cuna npuruckasHs sikops, H
S, MM
0e3 myHTa 3 HIYHTOM

0 2570 2338
2 164,8 164.8
4 57,1 66,1
6 28,2 37,2
8 15,9 25,2
10 9,8 21,7
12 6,3 16,7

301TBIICHHST BEJIMIWMHA CHIT TIPUTUCKAHHS SIKOPS JI0
HEpPYXOMO1 YacTHHH MAarHITONPOBOAY Y BiIMyIICHOMY
MIOJIOXKEHHI JTa€ 3MOTY 3MEHIIUTH CTPYM, MIPH SKOMY SIKip
MIOYHE CBif pyX TiJ 9ac BMHKAHHS KOHTaKTOpa Ta BiJIIoO-
BiJHO 3arajJbHUI Yac HOTO BMUKAHHS.

3aMUKaHHS TOJIOBHHX KOHTaKTiB BaKyyMHOTO KOH-
TakTopa 3IIHCHIOIOTH 3a JOMOMOTOI0 KEpPYIYoro IIpH-
CTPOIO 3 YOTHPMA CHIIOBUMH KOMYTAIliHHUMH TIPHCTPOS-
MH, B SIKOCTi SIKHX MOXYTh BUKOPHUCTOBYBaTHCS ab0 KOH-
TaKTH MEXaHIYHHX KOMYTaIliiHUX amapaTiB (B €JIEKTpO-
MEXaHIYHUX CHCTeMax VIpaBIiHHsI), ab0 TpPaH3HCTOPU
abo TibpuaHi cuctemu [28] (B MiKpOIIPOLIECOPHUX CUCTE-
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Max ympasiiHHsA). CTpyM MOJA€ThCS HA KOTYIIKY CJICKT-
pomarHira 4, BHAC/IIZIOK YO0 B HEPYXOMill YacTHHI Mar-
HITOIPOBOJlY 1HIAYKYETHCSI MarHiTHUH IOTIK, CHIBNaJao-
YU TI0 HANpPSIMY 3 MarHiTHUM MOTOKOM MOCTiHHOTO Mar-
Hita 5 (puc. 4, a).

ITig niero cuit, CTBOPIOBAHUX MarHITHUMU MMOTOKAMH,
siKip 7 mepeMimmaerscst 1o Kopmycy 1 i cepaeuHuka 3 i
[IIILHO TPHUTUCKAETHCS A0 iX TopuiB. OIHOYACHO 3 SKO-
peM 7 mepeMilliaeThes INTOK 8 Ha BEIUYMHY HOTO XOIy,
sIKa CTAHOBMTH 12 MM, 1 3a JOMOMOTrOI0 30BHILIHBOTO
MPHUCTPOIO 3aMHKA€E TOJIOBHI KOHTAKTH BaKYyMHOT'O KOH-
taktopa. Ilicns 3aMHUKaHHS KOHTAKTiB KEPYIOUHHA MPHUCT-
piii BiAKIIIOYAE MOAa4Yy CTPYMY Ha KOTYIIKY 4, a 3aMKHY-
TUI CTaH MarHiTHOI CUCTeMH 3a0e3leuye Cuiia MarHiTHO-
ro MOTOKY, IO iHAYKOBaHA MOCTIHHUM MarHitoMm 5 (mep-
e CTa0lIbHEe TOJO0KEHHS), SIKa MOBHHHA MEPEBUIIYBATH
CUITy, CTBOPIOBaHY MIOBOPOTHOIO MPY>KUHOIO 30BHIIIHBOTO
MIPHUCTPOIO.

i)

—

®
o
\©

f

—

‘ \ Fo2s=403 H 7
a 6
Puc. 4 Po3paxyHKOBI KapTHHU MarHiTHOTO MOJISI B IOCIITHOMY
3pasKy 3 KUTbLIEBUM (pepOMarHiTHIM IIIYHTOM IPY BUKOHAHHI OI1e-
patii 3aMuKaHHs (a) Ta po3MHKaHHsI (0) FOJIOBHUX KOHTAKTIB MPH
pizuux 3HaueHHIX MPC Fu: @ — Fin= 14 kKA; 6 — Fn=-2 KA

Jlyist po3MUKaHHS TOJIOBHUX KOHTAKTIB BaKyyMHOTO
KOHTaKTOpa Ha KOTYIIKY €JEeKTPOMAarHity 4 HeoOXiaHO
MOJaTH CTPYM y 3BOPOTHOMY HampsiMi, BHACIIIOK 4OTO B
HEpYyXOMil 4acTHHI MarHiTONpPOBOAY IHAYKYEThCS MarHi-
THHUH TIOTIK, HE CHIBNAJAIOYUI [0 HANpsMy 3 MarHiTHUM
IIOTOKOM TIOCTiliHOrO MarHity 5 (puc. 4, 0). IIpu upomy
CHjla YTpPUMaHHS SIKOpsl 7 NMOCTIMHUM MarHiToM 5 3MeH-
LIYEThCS 1 MiJ Ji€I0 TOBOPOTHOI MPY>KMHU BiH IepeMilna-
€THCS Y 3BOPOTHOMY HaIIpsIMi Ha BEJIMYHMHY X0y LITOKA 8,
TOJIOBHI KOHTaKTH pO3MHUKaroThCs. [licns po3muKaHHS
KOHTaKTIB KEPYIOUMH MPUCTPIH BIKIIIOYAE 1MOJAYy CTPY-
My Ha KOTYLIKY 4 1 32 paXyHOK IIOBOPOTHOI NPY>XUHHU 30-
BHIIIHBOTO TIPHUCTPOIO SIKIp 7 3HAXOAUTHCSA Y JAPYromy
CTa0lIbBHOMY TOJIO>KCHHI.

ExcnepuMeHTaIbHI J0CiTKeHHs OicTadiibHOrO
€JIeKTPOMATHITHOT0 aKTyaTopa Ha 0a3i moJsipu3oBa-
HOT0 MOHOCTa0iILHOIO eJIeKTPOMArHiTa 3 NMOBOPOT-
HOIO MPY’KMHOI0 OyJIM BUKOHAHI 3 METOIO MiITBEPHKEHHS
TEOPETHYHUX po3paxyHkiB [ uporo Ha kadenpi «Enex-
TpuuHi amapatu» HTY «XIII» Oyno po3pobieHo Ta BUTO-
TOBJIEHO €JIEKTPOMArHiTHUH aKTyaTop, 30BHIIIHIA BTSN
€JISKTPOMarHiTa sikoro MmpeACTaBIeHO Ha puc. 5.

Puc. 5 ITonsipu3oBanuii MOHOCTaOUIBHUI €IEKTPOMArHIT

IlepeBipka CHIN MPUTHCKAHHA SKOPS IO HEPYyXOMOI
YaCTHHH MAarHITOIPOBOAY IPOBOIMIIACH Ha EKCIIEPHMEH-
TaneHOMY cTeHni (puc. 6). Emxekrpomarnit 1 y BKITIOUe-
HOMY TOJIOXKEHHI, KOJU SIKip IPUTHCHYTHH 10 HEPYyXOMOi
YaCTHHH MAarHITOIPOBOY, 3aKPiIUTIOBAaBCS Ha IIiJCTaBIIi
2, siIka BCTAaHOBJICHA SIK TIOKA3aHO Ha PUCYHKY. Mix pyxo-
MOIO 3 Ta HEPYXOMOIO 4 YaCTHHAMH CTEH/Ia BCTAaHOBJICHO
muaamomerp 5 JAIIY-0,5-2, mnpwdomy, B  SKOCTI
3’€IHYBaJBHOTO €IeMEeHTa MK ITMHAMOMETPOM 5 Ta He-
PYXOMOIO YaCTHHOIO CTE€H/a 4 BUKOPHCTOBYETHCS IIITHIIb-
ka 6. CTpmwkeHb 7 BCTAHOBIIOBABCSI CIIBBICHO 31 MITOKOM
eJIeKTpoMarHita 1 Ta HOro BUILHOIO YAaCTHHOIO CTAaBUBCS
Ha YIop BIOHOCHO BHUCTymy mToKa. OOepTaHHA PYUIKH
CTeHJa 8 MPOTH TOANHHUKOBOI CTPUIKK 3MYIIy€ MIMIBKY
6 BKpydJyBaTHCS, CTBOPIOIOYH CHITy HAmpsAM Mii K01 BKa-
3aHO Ha PHUCYHKY. Uepes cTpmkeHb 3 BOHA MPUKIATAETHCS
IO IITOKY, SIKAM B CBOIO YEPry, 3’ €IHAHUN SKOPEM €JIEeKT-
pomarwita. [Ipu 3Ha4eHH] CHIIH, SKa MEPEBIlIye CHIY yT-
pUMaHHS SIKOPS TMOCTIHHUMHU MarHiTaMu, SKip «BiIpuBa-
€TBHCS» BiJ HEPYXOMOI YaCTHHHU MarHiTonposoxy. Lle 3Ha-
4eHHS IKCYETHCS AUHAMOMETPOM 5.

Puc. 6 Crenn 1y BUSHAYECHHS CUITM IPUTUCKAHHS SKOPS
JI0 HEPYXOMOI YaCTHHH MarHiTOIPOBOY

BpaxoByroun MOXIUBICTE BCTAHOBJICHHS CTPYOKHSA 3
HE COOCHO IITOKY €JeKTPOMAarHity 1 eKCIepHMEHT Ipo-
BOJMBCS KilbKa pasiB. KiHIeBe 3HaUEHHS CHWJIN MPUTHC-
KaHHs SIKOpS 0 HEepyXOoMoi 4YacTHHH MAarHiTOIPOBOIY
OyJl0 pe3yJbTaToM YCepeIHEHHsS OTPUMAaHHX 3HAYCHb Ta
cranoButh 2200 H (BigHOCHa moXmOKa BiX pe3ylbTaTiB
TEOPETHYHHX PO3PaXyHKiB ckiamna 5,9 %).

Jl1st IepeBipKu TWHAMIYHHX XapaKTEPUCTHK EIIEKT-
POMarHiTHOTO aKTyaTopa OyB CHPOCKTOBaHHI Ta po3pod-
JICHWH KOHTaKTOpa y HOBOMY IW3aiiHi, AKui mepeabadae
MOXITHBICTh BCTAHOBJICHHSI €JIEKTPOMArHiTa PO3IJISIHYTOT
KOHCTPYKIIii Oe3rmocepeqHh0 Ha 3aJHIO CTIHKY KOPIIyCy
MIPUBITHOTO MOy (pHC. 7).

Bicnux Hayionanvrnozo mexuiunozco ynisepcumemy «XI1I». Cepia: Ilpobnemu
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Puc. 7 HoBuii nu3aiiH BaKyyMHOI'O KOHTaKTOp ATl MEPEx
CepeHiX Hanpyr

[puBigHuii MeXaHi3M Ta MEXaHIYHA CHCTEMa KOHTa-
KTOpa CIIPOEKTOBaHi y BiANOBIIHOCTI 3 BUMOT'aMU BUPOO-
HUKIB BaKyyMHHX [IEPEPUBHUKIB [29].

KepyBaHHsI akTyaTOpoM 3HiHCHIOETHCSI €JIEKTpOME-
XaHIYHOIO CHCTEMOI0, CXeMa KOI [T0Ka3aHa Ha pHC. 8.

jDSI

LR LT s
A

KO
: VDI KO KI

PEN

oI \

T

~ 220V \ KI

L Q

o—

Puc. 8 EnextpoMexaHiuHa cxeMa KepyBaHHS €JICKTPOMAarHITHUM
akTyaTopoM: Q — BUMHKa, SIKHi 3a0e3nedye 3aXHCT Big Iepe-
BaHTa)KeHb 1 KOPOTKUX 3aMHKaHb; T — aBTOTpaHc(opMaTop;
VD1 — giomnwmit MicT; R1 — pesucrop, uepes sSIKuif 3apsaKacThCs
konaeHcaTop C Benukoi emHocti; VD2 — 3axucHuii giox; C —
SJISKTPOJIITHYHUN KoHIeHcaTop; RS — mryHT u1st ociiumorpady-
BaHHS CTPYMy B OOMOTII elleKTpoMarHity; PV — BonsT™erp
(xoHTpoOIIOE HanpyTy Ha KoHeHcaropi); KI — konTakTop y ko
BMHKaHHs el1ekTpoMarHiTy; KO — KOHTakTop y KO BUMHKAaHHS
enexrpomarHity; SI, SO — KHONIKOBI BUMHKAi y KOJIaX KOHTaK-
topiB KI ta KO BiamosinHO; Y — 00MOTKa eNeKTpOMarHita

Ha puc. 9 mokazano ¢oTo HOBOTO BaKyyMHOTO KOH-
TaKTOpa Ui MEpeX CepelHix Hampyr 3 OicTaGilmbHUM
€JIEKTPOMArHITHAM aKTyaTOpoM Ha 0a3i MoIsIpH30BaHOTO
MOHOCTA0UTFHOTO €JIEKTPOMAarHita 3 IIOBOPOTHOIO TIPY-
JKHHOIO Ta EJIEKTPOMEXaHIUYHOK CHCTEMOI0 KepyBaHHS, a
TaKOXX OCITMJIOTpaMH CTPyMy B OOMOTIII €JIeKTpOMarHita
Ml yac BUKOHAHHS OMEpaliii BMUKAHHS T4 BUMHKaHHS
KOHTaKTOpa.

M 5.88ms CHL X1.22U
M Pos:46.48ms

CHi= S@aml

o8

ms
M Pos:28.80ms
B

Puc. 9. BakyymMHUIT KOHTaKTOp A1 MEpEX CepemHiX HalpyT (a),
OCIIIJIOTPaMH CTPyMy B OOMOTIII ITijt ac omeparii BMUKaHHS (0)
Ta BUMUKaHHS (B) KOHTAKTOpa

3 ocrmiorpaM BHIHO, III0 YaC BMUKaHHS KOHTAKTO-
pa cknamae 55 Mc, a BAMUKAHHSA 35 MC 1 € HaliMEHIIUM
cepell MOJIeTICH BAKYYMHHX KOHTAKTOPIB CEPElHIX HAPYT
NPOBIIHKUX BUPOOHUKIB, Takux sk ABB (I'epmanis), LVC
(Kopest), Hyundai (Kopest), BMC (Iunis) (Hanpukiam, yac
BMUKaHHsI Ta BUMUKaHHS BaKyyMHOTo KoHTakTopa VSC-7
¢dipmu ABB cranoButs 60-90 Ta 40-60 Mc BiIIOBiAHO).

BucHoBku.

1. Po3risiHyTa HOBa KOHCTPYKIIA €IEKTPOMATHITY 3 Ki-
JBIETIONIOHNM €eNIEMEHTOM 3 HEMarHiTHOTO Marepiaiy,
PO3TaIIOBaHOTO MiX KOpIiycoM i (pmanmem. 3a paxyHOK
BUKOPHCTAHHS KUIBIIETIONIOHOTO €JIEMEHTY BJIAIOCS 3Me-
HIIATH e()eKT MIYHTYBaHHS HE 30UIBIIYIOUYN OCHOBHU PO-
3Mip eJIeKTpOMarHira.

2. Po3poOmnennii HOBUH KOPIyC KOHTAaKTOpa 3 MPHBiJI-
HUM MEXaHI3MOM Ta MEXAHIYHOIO CHCTEMOIO, IO ILIJIKOM
3a[I0BOJIbHSIE BUMOTaM BHPOOHHKIB BaKyyMHHX TI€pPEpHB-
HUKIB.

3. Po3pobmena enexTpoMexaHIYHA CHCTEMa KepyBaHHSI
0icTabITPHAM aKTYaTOPOM 3 OAHI€I0 KOTYIIKOIO.

4. TIpoBeneHi eKCIIEpUMEHTAIBHI JOCITIIKSHHS HOBOTO
OictabimpHOTO aKTyaTopa (TOJNAPH30BaHOTO MOHOCTAOi-
JBHOTO €JEKTPOMArHiTa 3 IOBOPOTHOIO MPYKUHOIO) MiAT-
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BEPIMIM TEOPETUYHI PO3PaxyHKH Ta 3JaTHICTH 3abesre-
YyBaTH CHpAlbOBYBaHHS KOHTAaKTOpa Ta HaJiiHE yTpu-
MaHHS KOHTaKTiB y 3aMKHEHOMY CTaHi.
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