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OCOBEHHOCTHU JUHAMHWKHU BBICTPOJAENCTBYIOIIEIO
NHAYKIIUMOHHO-IMHAMMNYECKOI'O ITPUBOJA

C BUCTABMJIBHBIM ®UKCATOPOM I1OJIOKEHUA KOHTAKTOB
BBIK/IIOYATEJIA HA BA3E IOCTOAHHBIX MAI'HUTOB

Y emammi oocnidsceno opuzinansny mamemamuuny mooensv uiuoKoOir0u020 iHOYKUIIHO-OUHAMIUHO20 NPUBOOY 6UMUKAYA 3
bicmaodinohum ghikcamopom 3 0éoma Komywikamu na 6asi nocmiiinux mazuimis. InOyKuyitino-Ounamiuni mexanizmu, 6ioomi 6
inozemnini nimepamypi ak Thomson-drive, euxopucmosylomoca 6 AKOCmMi NPUEOOY BUMUKAYIE NOCHMILIHO20 CHPYMY 3A60AKU
BUCOKIIl WeUOK0OIi, npocmomi i Hadiitnocmi Koncmpykuyii. Memoro cmammi € ananiz NPUHYUNOBOT MOICIUGOCHI CHIBOPEHHS
KomMymauyinnozo anapamy 3 iHOYKYiltHO-OUHAMIYHUM RPUEOOOM HA Oa3i Mamemamuunoi Mooeni, w0 00360J13€ RIOGUWUMU HA-
Oilinicmb podomu 6cb020 Mexanizmy i icmomno cnpocmumu Koncmpykuiio. Pozensaoaemuoca modxcnugicmo cmeopenns nponono-
6aAH020 KOMOIHOBANH020 NPUGOOHO20 MEXAHIZMY | 6U3HAYUEHHA OCHOBHUX HANPAMKIE ROOANbUIUX OOCTIONHCEHb 3 MEMO Ompu-
MAHHA 00CHiOHUX 3pasKie. Koncmpykuia 00cnioxcyeanozo iHOyKyiliHo-OUHAMIYHO20 nPUEOOy paniwie ¢ nimepamypi He po3zna-
oanacv. Bupiwiysana 3a0aua € mynsmuizuunoio, w0 6KaI0OUA€E POIPAXYHOK: CHAMUUHOZO0 MAZHIMHOZ0 NONA; €1eKMPUYHO20
Kona 3 ypaxyeanHAM 3minu Hanpyzu Ha KoHOencamopi i hagedenoi 6 komywkax npomu-EPC; ounamixu pyxy axkopie dicmadins-
HO020 (ikcamopa i npueoda 3 ypaxyeaHHamM 3IMIHU MACU; HECMAUIOHAPHO20 €NeKMPOMAZHIMHOZ0 NOSIA 6 HEOOHOPIOHOMY Heli-
HITIHOMY cepedosuwyi 3 ypaxyeanHHAM ROCHIHUX MAZHIMIG i pyXy CIMpPYMOnPOgiOnux min é erekmpomazuimmunomy noni. Hanpam-
KU ROOANBUUX 00CTI0NHCEHb NPEOCMABNAIOMBCA Y GUNAOL OnmMuUMI3ayii 2eomempii, napamempie KOMyuioKk npueooa i KOHOeH-
camopie, zeomempii 6icmadinbHozo ikcamopa, 06’emy i 3a1UMKO0BOT IHOYKUIT NOCMITTHUX MacHImMié 0115 3a0e3neueHns HeooXio-
HUX 3HAYEHDb WEUOKOOIl, KOHMAKMHO20 HAMUCKAHHA | 2abdapumie anapama. bion. 11, Tabn. 1, puc. 13.

Kniouosi cnosa: inpykuiiHo-1mHaMiyHui npusoj, dicradiibHuii gpikcarop, nocTiiHi MaraiTu.

B cmamobe uccnedosana opuzunansnans Mamemamuieckas mooeiy dblcmpooeiicmeyioue2o uHOYKyYuOHHO-OUHAMUYECKO20 npu-
600a gvlKNIOUAmMeENA ¢ OUCMAOUTILHBIM PUKCAMOPOM C 08YMA KAMYUWIKAMU HA 0a3ze ROCMOAHHLIX mazhumos. Huoykyuonno-
OUHAMUYECKUE MEXAHUIMbL, U36ECHHbIE 6 UHOCMPanHoll numepamype kak Thomson-drive, npumenaiomea ¢ Kauecnee npueooa
gvIKIOUamMeNeli NOCMOAHHO20 NMOKa 01a200aps 6blCOKOMY Obicmpoodeiicmeuro, npocmome u HadexcHocmu koncmpykyuu. Ile-
7610 CAambu AGNAEMCA AHAAU3 NPUHUUNUATLHOU 603MOMCHOCHU CO30AHUA KOMMYMAYUOHHO20 ANNApama ¢ UHOYKYUOHHO-
OUHAMUYECKUM NPUBOOOM HA DA3e MAMEMAMUUECKOI MOOenU, YN0 NO3601A€M NHOGLICUMD HAOEIHCHOCHb PADONbL 6Ce20 Mexa-
HU3MA U CYU{eCMEEHHO YRPOCMUMb KOHCmpPYKuuio. Paccmampugaemea 603modcnocmy co30anus npeonazaemozo KOMouHupo-
6AHHO20 NPUGOOHO20 MEXAHUZMA U ONnpedeieHue OCHOGHLIX HANPABIEHUI OAIbHEMUX UCCTe006aHUIl C Yenbl0 NOIyYeHUs
onvimnuix 06pazyos. Koncmpykyua uccnedyemozo uHOyKyuOHHO-OUHAMUYECKO20 RPUBOOA paHee 6 TUumepamype He paccmant-
pusanace. Pewaeman 3aoaua asgnaemea myavmugpusuyeckoii, 6Kniouaiowjeil paciem: CIamuiecko20 MazHumHnozo nos; rieK-
mMpuUYecKoll yenu ¢ yuemom uUsMeHeHUus HanpaA}CeHUA Ha KOHOeHcamope U HageOennoll 6 Kamyuikax npomueo-3/]C; ounamuxu
0BuMCEHUA AKOPell OuCmadUIbHO20 YuUKCamopa u npueooa ¢ Y4enom UsMeHeHUs MAcCcbl; HECMAUUOHAPHO20 I1EKMPOMAZHUM-
HO020 NONA 6 HEOOHOPOOHOU HENUHEIIHOU cpede ¢ yUemoM NOCHOAHHBIX MAZHUMOE U 08UNCEHUA NPOGOOAUUX Mell 6 I/1eKmpo-
Mmaznumnom none. Hanpaenenusa oanvheiiniux uccie006anuii npeocmasiaiomes é 6ude ONMuUMU3ayuy 2e0Menpuu, napament-
P06 Kamyuiek npueooa u KOHOEHCAmopos, 2e0Mempuu OucmaduibHO20 MeXanuma, 00vema u OCMamoyHoil UHOYKYUU ROCMO-
AHHBIX MAZHUNOE 0115 0Decneyenus mpedyemolx 3Hauenuii dvicmpooeiicmeus, KOHMAKMHO20 HAXCAMUA U 2a0apumos annapa-
ma. bubn. 11, tabn. 1, puc. 13.

Kniouesvie cnosa: MHAYKIMOHHO-IMHAMHYEeCKH NPUBOJ, OUCTA0MILHBIN (HKCATOP, TOCTOSIHHbIE MATHATHI.

Beenenne. B nocnennee Bpemst B imreparype 1ocTa-
TOYHO YACTO HCCICIYIOTCA M pa3pabaThIBAIOTCS WHIYKIH-
OHHO-IMHaMU4Yeckue Mexanm3mbl (MJIM), wu3BecTHBIE B
WHOCTpaHHOU JuTepaType Kak Thomson-drive, ipuMmeHse-
MBIE B KQUECTBE TPHBOJA PA3MYHBIX JIEKTPOTEXHIIECKUX
ycrpoiictB [1-4]. Tlpocrota M HagEKHOCTH KOHCTPYKIIHH,
BBICOKOE OBICTPOZIEHCTBUE AENAIOT TaKHUE YCTPOMCTBA HE3a-
MEHHMBIMH B 3JIEKTPUYECKUX alllaparax, yCTAaHOBJICHHBIX B
CETsIX IIOCTOSHHOI'O TOKA, B KOTOPBIX aBapUIHbIE CBEPXTOKU
HE OrpaHUYC€Hbl PEAKTHBHLIM COIIPOTHUBJICHUEM W MOI'YT
JIOCTHTaTh JIECATKOB KHJIOaMIIED.

HecMoTpst Ha OYEBUITHBIC MPEHMYIIIECTBA, TAKUE YCT-
POMCTBA MMEIOT PsJl CYIICCTBEHHBIX HEIOCTATKOB: 3HAYU-
TeNbHAS yJapHas Harpy3ka Ha JJIEMEHTHl KOHCTPYKIIHH;
HEOOXOIMMOCTh (DHKCALIMH TIOJIOXKEHHMST MEXaHW3Ma B Ha-
YaJIbHOM ¥ KOHEYHOM TOYKaX TPAeKTOPUM JBKXKEHUSI C BO3-
MOYKHOCTBIO BO3BpaTa B HMCXONHOE IIOJIOKEHHe. PereHne
TIEPBO MPOOIEMBI 3aKIIOYAETCS MO0 B HCIOJIL30BAHUH
JeMI(pUPYIONIUX YCTPOHCTB HA KOHEYHOM 3Tarle JBIKEHIS,
7100 TPH TTIOMOIIH ONITUMAJIGHOTO YIPABJICHHUS BIDKEHHEM

- TIOMKJTFOYCHHUEM TOPMO3SIIIEH KaTyku. Bropas mpobiema
perraercs 3a C4eT NPUMEHEHUs OMCTAOWILHBIX MEXaHWde-
CKUX (DPHKCATOPOB, HM3BECTHBIX JOCTATOYHO HIaBHO [3-5].
MaremaTrdeckas MO MPUBOAA C ONTHMAIBHBIM YIIPAB-
JIEHHEM CKOPOCThIO IBIkeHus sikops MM u mexanuue-
CKUM OHMCTaOWIBHBIM (pHKCcaTOpOM ObITa paccMOTpeHa B [4]
Y HWCCIeoBanHa B [6], Tie MoKa3aHbl OCHOBHBIE HEIOCTaTKH
Takoil Mmozaenu. B [7] paccMoTpeH nBrkuTens TOMIICOHA, a B
KauecTBe (PUKCATOpa IIOJIOKEHHSI HCIIOIB3YEeTCsl AJIEKTPO-
MarHuTHbIA (ukcatop. Ho, 1o MHeHHIO aBTOpOB, HauboIee
MEPCHEKTUBHBIMA KOHCTPYKIMSIMU TIPHBOZA OBICTPOJIEHCT-
BYIOIIHX BBIKITIOYATENCH SBILTIOTCS MPUBOJBI, COYCTAOIINE
OBICTPOJICHCTBIE WHIYKIMOHHO-THHAMUYCCKHX CHCTEM U
HAJISKHOCTh MArHUTHBIX CUCTEM C TIOCTOSIHHBIMH MarHpTa-
MH [8, 9]. Tak B [8] pacueT Takoro MpUBOJa COCTOUT 3 IBYX
gacTel: CTaTHIECKOro pacyeTa IMOTOKA | 3JIEKTPOMAarHUTHON
CHJIBI; pacyueT AMHAMUKA — Ha ocHOBaHUU OY IBIDKCHUS U
3JIEKTPUUECKOM Lenu. Takoi Mmoaxoj He sBISETCS HOBBIM
[10] m mmeeT psi CymIeCTBEHHBIX HEIOCTATKOB, CBSI3AHHBIX
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C OIpeAeIeHHEM TOPMO3SILETO ISHCTBUS BUXPEBBIX TOKOB B
crucTeMe, 0COOEHHO B OBICTpONEHCTBYIONMX cuctemax. Ilo-
MHMO 3TOTO, CHCTEMa JOCTaTOYHO CJIOXKHA: JBE KATYILIKH
MM pacnonoxeHsl BHYTPU JBYX MarHUTONPOBOJOB; aK-
TyaTOp TAaKKE€ MMCECT JIBC KATYIIKHW U COCTOUT U3 IBYX Mar-
HHUTOIPOBOJIOB C HOCTOSIHHBIMHA MarHUTaMHU.

Henocrarkn xoncrpykuuu MJ/IM, BBISBICHHBIE B
IIpolecce MpPOBEJECHHOTO 0030pa, CYIIECTBEHHO BIIHSIOT
Ha HAJCKHOCTh pabOTHl KOMMYTAIIMOHHOTO arapara.
OnuH U3 myTel pemieHns MpooIeMbl — BO3MOKHOCTE CO3-
JaHWUA TIPUBOJHOTO MEXaHW3Ma ¢ OMCTaOMIEHBIM (hHKCa-
TOPOM TOJIOKEHHUS Ha Oa3e MOCTOSTHHBIX MarHUTOB.

Lesblo cTaTbU SBISETCA aHAINW3 TPUHIUIHAIBHON
BO3MOXHOCTH CO3[aHMs KOMMYTALIMOHHOTO ammapara ¢
WHAYKIOUOHHO-JUHAMUYCCKHUM IIPHUBOJOM Ha 6336 Mare-
MaTHYECKOU MOACIIM, 4YTO ITIO3BOJIICT IIOBLICUTH HAICK-
HOCTb pabOTHl BCErO MEXaHH3Ma M CYLIECTBEHHO YIIPO-
CTHUTbh KOHCTPYKIHIO.

I[peamer ucciaenoBanusi. B 1anHo# cratbe npoBo-
IUTCS KOMIDIEKCHOE MCCIIeIOBaHNE NIBIDKHUTEIST TOMIICOHA
C ONTHUMAIBHBIM YIPABICHHEM CKOPOCTHIO 3aMBIKAHUS
AIIEKTPUIECKUX KOHTAKTOB, Y KOTOPOTO B KadecTBe OmcTa-
OMIBHOTO (PHIKCATOPA TOABMYKHOM CHCTEMBI arapara B Ha-
YaJbHOM M KOHEYHOM ITOJIOKEHHSIX HCIIOIB3yeTCs MarHUT-
HOE yCTPOMCTBO, COCTOALIEE U3 MATHUTHOM CUCTEMBI, SIKOPS
C HEMAarHuTHHIM IITOKOM U ITIOCTOAHHBIX MAarHuTOB.

MareMaTHueckas MOJIeIb UCCIIEAYEMOr0 MEXaHU3Ma
pemaercst myTeM Je(opMHpOBaHMS pacyeTHOH CETKH.
JHedopmarus ceTKH 3aBUCHT OT X0/1a M CKOPOCTH SKOpeid,
KOTOpBIE, B CBOIO OY€PE/Ib, ONPECIISIOT apaMeTphl CHUC-
TEMbI (3JIEKTPOMAarHUTHBIE CHJIBI, BO3IYIIHBIE 3a30pbl U
T.1.). JlaHHas 3amada SBISETCS MYyITbTH(QH3MYECKON, T.€.
3amadeil mociieI0BaTeIFHO-TIAPAIUIETIFHOTO PEIICHNs He-
CKOJIBKMX PA3JIMYHBIX IO CBOEH MPHpOJE 3a1ad: pacyer
CTaTUYECKOTO MarHUTHOTO MOJISI; PacdeT SJIEKTPHUECKOH
LIENH C yYeTOM M3MEHEHHs HalpsDKeHHS Ha KOHAEHCATo-
pe M y4eToM HaBeAEGHHOW B Karymkax npotuBo-OJ1C;
pacyer AMHAMUKU JIBH)KEHHs SIKOped OHCTaOMIBHOTO
(uKcaropa ¥ IPUBOAA C YYETOM M3MEHEHUs] MacChl; pac-
YeT HECTAI[IOHAPHOTO JIEKTPOMAarHUTHOTO MOJIS B HEO[-
HOPOJHOM HEJIMHEMHON cpele C Y4YeTOM IOCTOSHHBIX
MarHuTOB M JABW)XEHHS IPOBOJIIUX TEJl B 3JEKTpOMAr-
HUTHOM TI0JIe. AJITOPUTM PEIICHUS IOCTABICHHOHN 3a1a4i
3aKIIF0YAETCS B TOM, YTO HA HAYAIbHOM JTalle BBHITIOHS-
€TCsI pacueT CTallMOHAPHOTO TIOJIS TIOCTOSHHBIX MarHUTOB
Y TIONlyYeHHBIE HPU 3TOM PE3YJIbTaThl HCHOJB3YIOTCS B
KayecTBe HAYaJNBHBIX YCIOBHH I OCTAJbHBIX ITapa-
JIENTBHO PelIaeMbIX 3a1ad.

JlaHHast cTaThst MOXKET OBITh OTHECEHA K Pa3psiLy JUC-
KYCCHOHHBIX, TaK KaK B HEW HCCIEyeTcsl cama BO3MOXK-
HOCTb CO3/1aHMs HOBOI'O TUIIA MPpUBOAA.

OcHoOBHbIE pacyeTHbIe COOTHOLLEHMSI U 1OMyLIeHUs].
Ha puc. 1 npusenena cxema armapara ¢ IIpUBOIHON CHCTE-
MoOH (B IMIMHAPHYIECKOH CHCTeMe KOOPIWHAT) U YKa3aHBI
rabapuTHbIe pazMephl B MM. KaTymku WHIyKIMOHHO-
JMHAMAYECKOTO TIPHBO/IA 1, 2 BHIMONHSIOT (DYHKIHIO BKITIO-
YeHHs] U OTKIIIOYEHHUs YCTPOICTBA, & Takke (YHKIMIO Ofl-
TUMAJIBHOTO YIPABJICHHs ABIDKCHHEM SIKOpeH MpHBOIA U
OncrabuipHOTO (rKcaropa (YMEHBIICHHE CKOPOCTH KOH-
TaKTOB MEPe UX 3aMbIKaHHEM).

SKopb MHIYKIMOHHO-TMHAMHYECKOTO TIPUBOAA 3, BbI-
TIOJIHCHHBIA B BUJIE JIMCKA, COCAMHEH C SKOPEM OHCTaOWIIb-

HOro (ukcaropa 5 HeMarHHUTHBIM IITOKOM 4. Dukcarms
sIKOpel 3 U 5 B KpailHUX MOJIOKEHUSIX (HM)KHEM M BEPXHEM)
MpoUCXoauT 3a CUET ﬂeﬁCTBﬂﬂ IIOCTOSIHHBIX MAarHuTOB 6,
3aKpeIUIEHHBbIX B Kopmyce. Takod NpUBOAHONH MEXaHW3M
MOTPEOJIAET PHEPTUIO TOJILKO BO BpeMsi cpabarbiBanus. [Ijist
YMEHBIIEHUSI CKOPOCTH 3aMBIKAHUSI KOHTAKTOB MPHU BKIIIO-
YEeHNH, Ha OOMOTKY KaTYIIK{ 2 TIOJACTCS HAIpshDKEHHE 00-
patHO# (II0 OTHOMICHUIO K KaTymKke 1) MOJSPHOCTH, YTO
3aMeIUIseT CKOPOCTh JBIKEHHUS CHCTEMBI Iepe]] KacaHheM
IITOKA C KOHTAaKTaMH §.

[Ipu pacyere MPUHUMATNCH CIEAYIOIINE OMYIICHNUS:
PaBHOMEPHOE paclipeieieHUe IIOTHOCTU TOKa M0 IUIOLIaIu
00MOTOYHOTO MPOCTPAHCTBA KATYIIKK (KAaTyIlKa HAMOTaHA
MPOBOJIOM, IDIONIA b HOIEPEYHOTO CEYEHHSI KOTOPOTrO MHO-
TO MEHBIIIE IO OOMOTOYHOTO MPOCTPAHCTBA KaTyII-
KH); OTCYTCTBHE rHCTepe3unca y heppoMarHeTHKa.
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Puc. 1. Cxema KOMMYTalIMOHHOTO amIapaTa ¢ HHAYKIHOHHO-IHA-
MHYECKHM HPUBOJIOM U OMCTaOMIBHBIM MArHUTHBIM (pUKCATOpOM:
1, 2 — KaTyIKH MPUBOJA; 3— AKOPH NPUBOAA (TOKOIPOBOASIIMI
JIMCK); 4 — HEMAarHUTHEIH IITOK; 5 — SIKOPB (PHKCATOpA, CBSI3aHHBIH
HEMarHUTHBIM IITOKOM C SIKOPEM NPHBOJIA; 6 — IIOCTOSHHBIE Mar-
HHTBI, PACIIOI0XKEHHBIE TI0 TIEPUMETPY SIKOPsI (PrUKcaTopa;

7 — HETIOABIDKHAS MATHUTHASI CUCTEMa; § — KOHTAKTHAs CHCTEMA
KOMMYTAIIMOHHOT'0 afapara

OCHOBHBIM PaCUETHBIM COOTHOILCHUEM SIBIISETCS
YpaBHEHHE HECTAHOHAPHOTO 3JIEKTPOMATHUTHOTO MOJIS,
3alMCAaHHOE 4Yepe3 BEKTOPHBIH MArHUTHBIA TOTCHIIAAT
[11] mpu ycmoBum OTCYTCTBHA TOJIS HA BHEIIHEW TpaHHUIIE
pacueTHO# oOnacTa

Gk-%—i—Vx L-(VXA[(—BT) Zak, (1)
dr Mk
IZie O} — yAeIbHas 3IEeKTPOIIPOBOIHOCTh MaTepuaia; A, —
BEKTOPHBII MAarHUTHBIN TOTEHIHAN, L4 — aOCONOTHAS
MarHuTHas NPOHHUIIAEMOCTb; B, — ocTaroyHas MarHWTHas
HHIYKIHSA OCTOSHHOTO MarauTa; & = (i -N/S) -1, — mor-
HOCTb TOKa CTOPOHHET0 UCTOUHHKA; 1,— a3uMyTalbHbIi OpT
— EIWHWYHBIM BEKTOP, HANpaBJICHHBLIM IEPNEHIUKYIAPHO
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IUTOCKOCTH, B KOTOPOHM pacmolokeHa OO0JacTh pacdera;
i — TOK B OOMOTKE KaTyIIK{,; N — 9UCIO BHTKOB OOMOTKH;
S — TIoIma b 0OMOTOYHOTO MPOCTPAHCTBA KATYIIIKH.

Bun cucremsr ypaBaenwmii (1) onpenensercs pacuer-
HOW 00IacTpi0 (BO3MYX, KATYIIKH, MPOBOMISIIHNA [HUCK,
MarHUTOINPOBO, MOCTOSHHBIA MarHuT). B (1) ykasana
MIOJTHASI POM3BOJIHAS 110 BPEMEHH B ClIydyae pacueTa MmoJis
B IIBIOKYIIEHCS O0JIacTH (SKOpSX MPUBOJA M OHUCTAOMIIB-
HOro (prukcaTopa).

YpaBHEHMsI 2JEKTPUUECKOH LIENH

dj 1
Li-—+R iy +E =| Epqgy——- | i -dt |-1y;
1 P 11 1 o1 3 !1 m

di .
Lz'd—f+(R2+Rd'T]2)'lz+E2= (2)

1
=|—Ecop——|ip-dt |7,
o

rae Ly, L, — MIHIyKTUBHOCTH PacCesHUsl BHELIHEH LIeMu;
Ry, R, — aKTHBHBIC CONPOTHUBJICHUS OOMOTOK KAaTYIICK
npuBoaa; £, — npotuso-2/1C 00MOTOK:
N 04,
R ®
v t
rae V' — o0béM oOMmoTku Karymiku (1 wmum 2); Ecy — Ha-
YarkHOE HAIPSDKEHUE Ha €MKOCTH; i, i, — TOKA B 0OMOT-

Kax Karymek; Ry — 100aBOYHOE CONPOTHUBIICHUE; 771, ) —
eIMHUYHbIe (QYHKIMH, MOJCIUPYIOLIIE alepHoIuueCKHi
pa3psa KOHJICHCATOpa M HA4aJlo pas3psiaa BTOPOH eMKOCTH
Ha 0OMOTKY TOPMO3SIIIIEH KaTyIIKH.

LU,>0 L, z(¢) > z; 4
m= s = . “4)

0,U. <0 0,z(t) < g
YpaBHEHUS! IBUKEHUSI — 3TO YPaBHEHUS JUHAMUKHU
TeNa ¢ MEepPeMEHHON Maccoi, TaK Kak IOCle 3aMbIKaHHs
KOHTaKTOB, IpUBeAeHHas K sikopto /IM macca mensieTcs

A m0)v0) = [P~ Fo 14+ F)] 15

, (5)
dz(1)
d =0

rae m(z(¢f)) — W3MEHAMmAsICI Macca CUCTeMBbI; V(f) —
CKOPOCTb MOJBMKHOU cUCTeMBI; Fop, — F( 774 + F (y(z)) -

CyMMapHas cuia; 77; — QYHKIHUS, 3alpelaomas IBIxKe-
HHUE 3a JOMYCTHMEIC TIpenensl (YIophl); 77, — (QyHKIWHS,
olpeieNIsIoNIas Hayauo coyJapeHus KOHTAaKTOB U Ha4aio
JIeHCTBISI CHITBI KOHTAKTHOTO Hawatmst Fy; F(z(t)) —

CHUIIa, JICUCTBYIOIIAsl HAa SIKOPh OMCTaOMIIEHOTO (PHKCATO-
pa, MPUBEICHHAS K SKOPIO TIPUBOIA.

Cucrema ypasrenwuii (1) — (5) sBisercs maTeMaTH-
YECKOW MOJIENBIO0 OBICTPOJICHCTBYIOIIEIO WHIYKIIHOHHO-
JUHAMUYECKOT0 MPHUBOJA ¢ OUCTAOMIIBHBIM (hHUKCATOPOM
C TIOCTOSTHHBIMH MarHUTaMH.

HavyajbHble ycJIOBHS M MCXOJHBbIE JaHHbIE. B Ka-
YECTBC UCXOJHBIX JAaHHBIX 6])1.]'11/1 3aJaHbl MAacCChbl, IBUXKY-
IIFecs BMECTE C SKOpEeM IPHBOAA M Macca KOHTAKTOB.
MowmeHT yaapa pacTaHyT mo BpeMeru Ha 0,3 Mc, a mpous-

BOJIHAsl MacChl MO0 KOOpPAWHATE IMOIOHMpaaCh MCXOIS W3
3aKOHAa COXPAaHEHHS] MOMEHTA KOJIMYECTBA ABIKCHHUS.

Ha ocHoBannu reomerpun Karymek (puc. 1) u ceue-
HUSL HAMOTOYHOI'O IIPOBOJA ONPEJEIISINCh aKTHUBHBIE CO-
NPOTUBJIEHUS OOMOTOK M YMCJIO BUTKOB C YYETOM KOA(]-
(urmenTa 3amoHeHnA. Tak Kak Kakaas U3 KaTyIIeK Mo-
JKeT OBITh, KaK YCKOPSIOMIEH, TaK U TOPMO3SIIEH, TO 3Ha-
YeHHs HAYaJbHOTO HAIPSDKEHHUS U EMKOCTH KOHICHCATO-
poB ObLIH BeIOpaHb! 0guHAKOBEIME — 600 B, 400 MxD.

I'paduku M3MEHEHHS MAacChl M €€ IPOM3BOJHON B
mporiecce BKIIOUEHHS TOKa3aHbl Ha PUC. 2.

m, KT m;’, Kr/c
0.9} 0f- "
0.8 -200
0.7 -400
-600
0,6
-800
0,5

012345 6zmm 0123 45 6zwMm

a o
Puc. 2. I'paduk n3meHeHus: Maccel (@) U ee IPOU3BOAHOI (6)

[Iporpamma norryckaeT ONTHMH3aLMOHHbBIE PACUEThI
C U3MEHEHHEM CEUeHHS HaMOTOYHOTrO MpoBoja. OmHIM
13 OCHOBHBIX 337]aBa€MBIX MTApaMETPOB SBISIETCS TOTHBIH
XOJI IKOpeH CHCTEMBI paBHEIN 7 MM [6] M XOI 1O KacaHUs
KOHTAaKTOB paBHBI 5 MM. CHia KOHTaKTHOTO Ha)KaTHA
MPUHUMAJIACh TOCTOSIHHOW W paBHOU 200 H, HagampHas
Mmacca — 0,9 xr (cM. puc. 2).

PesyabTaThl. PacueTsl craTHKH. DTH pacdeThl He-
00XOIUMBI 110 CIIEIYIOUIMM NpUYMHaM: 1) HoJyueHHbIE
pe3ynbTaThl SBISIOTCS HayajdbHBIMU 3HAYEHUSMHU JUIS
pacdera TMHAMHKH; 2) OHHM MO3BOJIIOT MOJIYYUTHh CTAaTH-
YECKYI0 CHJIOBYIO XapaKTEpUCTUKY OMCTaOMIBHOTO (hHK-
caTopa B (QYHKIUH WHAYKIIUH ITOCTOSTHHOTO MarHuTa. Ha
puc. 3 moka3zaHa KapTHMHA MarHUTHOIO MOJIsi B KpalHUX
TTOJIOKEHHUAX SIKOPSI OMCTaOMITFHOTO (PUKCATOPA.

Puc. 3. KapTHa MarHuTHOrO 1osis OuctabuibHOro ukcaropa
B KpallHHUX MOJIOKEHUAX SKOPS (B CTaTHKE)

OueBHAHO, YTO NeEpepacrpeseliecHHe MarHUTHOTO
monst (puc. 3) MPUBOIAWT K M3MEHEHHUIO 3HAKa DIIEKTPO-
MarHUTHOH cuiel (puc. 4). MI3MeHeHHe 3HaKa SIIEKTPO-
MarHuTHON CWIJIBI (hUKcaTtopa oOecreuynBaeT OMCTaOMIIb-
HYI0 paboTy NpUBO/A.
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Crartnyeckasi TATOBas XapaKTePUCTHKA OUCTAOWIIb-
HOro ¢uKcaTopa B (QYHKIMH XOJa SKOps MPHUBEACHA IS
3HAYEHHUSI OCTATOUYHOM MHAYKOUW MMOCTOAHHOI'O MarHurTa
B=0,5 Tn. 3HaueHus] HAYaIbHOW CUJIbI B 3aBUCUMOCTH OT
3HAYEHHUsI OCTATOUYHOM MHAYKOHUW MOCTOAHHOI'O MarHurta
npuBeneHb! B Ta0n. 1. [Ipudem, npu u3MEHCHNH 3HAYCHUS
OCTAaTOYHOUN WHIYKIIMHU, BHJ] XapAKTEPUCTUKU HE MEHSIETCS,
a MCHSIOTCS TOJIBKO 3HAYCHHUS CHITEI.

F,H
’ /
300 /
100
0 .——‘/l
—
-100
e
2300 /
/
-500
0 2 4 6z

Puc. 4. Cratuueckas TAroBas XapakTepUCTHKa OUCTaOUIBHOTO
¢ukcaropa B QyHKIUH X012 SKOPS

Ta6u. 1. 3HaueHust HaYaIBHOM CUIIBl B QyHKIHH B,
B,Tn | 05|06 1]07 08|09 ]| 1,0
F(0),H | 429 | 571 | 689 | 776 | 844 | 899

Pacuer nunamuku. Briarouenue. Pacyers nokasbl-
BAIOT, YTO TOJIS KATyIIEK IPHUBO/A 3aMBIKAIOTCS Yepe3 Mar-
HHUTOIPOBOJ] OMCTAOMIIBHOTO (DHKCATOpA, YTO CYIIECTBEHHO
BJIMSIET Ha Tporecchl B HeM. Ha puc. 5 npuBeneHs! 3aBucH-
MOCTH XOJia SIKOpsl OmcTabmisHOTO (prikcatopa B (GyHKIMH
BPEMEHHM TIIPH pA3IUYHBIX THUMAX MAarHATONPOBOJA —
CIUIOILIHOM M HIMXTOBAaHHOM. B ciydae cruiomHoro mMarau-
TOIPOBOJA OMCTAOMIILHOTO (hMKCATOpa 3a CYET pa3MarHu-
YHBAIOILETO JCHCTBHS BHUXPEBBIX TOKOB, COBIAJAOIINX IO
HAIpaBJICHNIO C TOKAMH TOPMO3SIIEH KaTyIIKH, HaOmona-
€TCsl 3HAUMTEIFHOE CHIKEHHUE CKOPOCTH M 00paTHOE JBH-
JKEHHE sIKOpell mpuBola U OucradbwibHOTO (PUKcaropa, T.e.
cpabaTbIBaHuE OTCYTCTBYeT (KpuBasi 1). YBenmdeHue co-
TIPOTHBIICHHS] BUXPEBBIM TOKaM, HallpUMeEp, 3a CUYET MpUMe-
HEHHs B MarHWUTOINPOBOJIE CTAIM C OOJBIINM YJAEIbHBIM
CONPOTHBIICHNUEM, IMXTOBKH MarHUTOIPOBO/A MM BBIIOJ-
HEHHS paguaIbHBIX IPOPE30B B HEM, 0OECHIEUMBAET YETKOE
cpabaTeIBaHHE KOMMYTAIIHOHHOTO armapaTa (KpuBas 2).

S, MM
8 2
»
/

T~
|
~—

0 2 4 6 8

2V4

0

t, MC

Puc. 5. Xop sikops ipy pa3IuyHbIX THIIaX MarHUTOIPOBOJA!
1 — CILIOMIHOM; 2 — MIUXTOBAHHBIN

Ha puc. 6 noka3aHbl JUHAY [0JI1 B MOMEHT MakCHMY-
Ma TOKa B «TOPMO3SIIIIEH KATYIIKe WHIYKIIMOHHO-IUHAMH-
4eckoro mpuBoja. Kak BHOHO M3 puC. 6, TIPU CILIONIHOM
MAarHUTOIPOBO/IE M0JIE€ MOCTOSIHHOTO MAarHUTA MMPAKTHYECKH
HEC MPOHHMKACT B BEPXHIOIO YaCTb MArHUTOIIPOBOJA (l)l/IKca—

TOpa (HE MPOUCXOIUT TIepepactpeielieHIe TIOTOKa U H3Me-
HEeHHE 3HaKa CHIbI) B OTIMYME OT IMIUXTOBAHHOTO MarHHUTO-
MPOBO/Ia, TJE SBHO BHIHO IMEpepacipe/ieieHie OTOKa I10-
CTOSIHHOI'O MarHuTa. 9TO TMOATBEPKAACTCA U paCUCTHBIMU
3HaYECHUSIMH CHII. B MOMeHT BpemeHH ~1 Mc (KapTuHa MOJst
MOKa3aHa Ha puc. 6) cuia, AeiicTByromas Ha SAKOpb OHCTa-
OWIBHOTO (hHKCaTOpa B CIy4ac CIUIONIHOTO MarHUTOIPOBO-
nma — muayc 130 H, nmxroBannoro — mmroc 10 H (cuna u3-
MCHUIIA 3HAK).

Puc. 6. Kaptuna nosns B MOMEHT MakCHMyMa TOKa B «TOPMO3SIIIEiD
KaTyIIIKe: ¢ — CIUIOIIHOI MarHUTOIIPOBO;, O — ITNXTOBAHHBIH

JuameTrp HaMOTOYHOro HpoBoAa (IpH (PUKCHPOBAH-
HBIX pa3Mepax KaTyILIKH) BIMSET Ha XapaKkTep ABWKECHUS U
B Clly4yae CIUIOIIHOTO MarHUTOIPOBOJA OOpaTHOE JBHIKE-
HHE SIKOpS OMCTaOMIIBHOrO (PMKCAaTOpa MOXKET OTCYTCTBO-
BaThb. OIHAKO, 3a CUET JEICTBUSI BUXPEBBIX TOKOB MarHMT-
Has cuia OMcTabmiIbHOTO (rKcaTopa co CIUIOMIHBIM Mar-
HUTONPOBOJOM B KOHEYHOM MOJOKEHHH SIKOPsI 3HAYH-
TEJIFHO MEHBIIIE (IPUMEPHO B JIBa pa3a), 4eM y OucTabmib-
HOTO (pHKCaTopa C IUXTOBAHHBIM MAarHUTOIIPOBOIOM.

BrmsiHne cedeHnst 0OMOTOYHOrO NMPOBOAA KaTyIIeK Ha
CKOpPOCTb 3aMbIKaHMsI KOHTAaKTOB IOKa3aHO Ha puc. 7. I'pa-
(MK CKOpPOCTH COCTOWT M3 HECKOJBKHX yJacTKOB: Pas3roH;
TOPMOJXKEHHE Tepel KACAHUEM KOHTAKTOB (MOMEHT KacaHUs
NoMeueH Ha rpadukax KUpHOW TOYKOMH); YBEIMYEHUE CKO-
POCTH Ha IPOBAJIC 33 CUET YMEHBIIICHHS OOIIEH JBIKYIIICH-
csl Macchl (Ha 3Ha4eHre Macchl KOHTaKTOB); OCTaHOB. B pac-
CMOTPEHHBIX MpUMepax BpeMs IO KacaHUs KOHTAKTOB OT-
maaercst mpuMepHo Ha 30 % (ot 2,3 10 3) Mc.

V,mc

4,5

4,0 1
3,5 ) A

30 //'\

2ol A K
T/
B/
T/

0,0

N
/8 \
AN

T

2 4

!, MC

Puc. 7. 3aBUCHMOCTE CKOPOCTH 3aMbIKaHHS KOHTAKTOB OT
ceuenus npoBoza: 1 — 0,66 mm? (N = 550);
2— 1 mm? (N =240); 3 — 1,5 Mmm* (N = 106)
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B pesynbrate pacueToB ObUIO YCTaHOBJICHO, YTO XOZ,
IIPY KOTOPOM HauMHAETCs Paspsi KOHIEHcaTopa Ha KaTyIll-
Ky TOPMOKEHU IIPU MPUHATOM IIyTHU U IPOBAJIe KOHTAKTOB
BJIMSICT HAa BpeMs cpabaThIBaHus puBoja (puc. 8).

XapakrepucTka | COOTBETCTBYeT Hayally paspszia
KOHJICHCAaTOpa Ha TOPMO3SIYIO KaTyIIKy IPH ITyTH SIKOPS
HMHIYKIMOHHO-IMHAMUYECKOT0 TpuBoaa paBHoM 0,5 MM
(bonee panHee TOpMOXKeHHME). XapakTepucTuka 2 — Oolee
TIO3THEE TOPMOXKEHHUE STKOPS (IyTh 2,5 MM).
S, MM

8 .

6] y
n y 4

0 1 2 3 4 5

f, MC

Puc. 8. MI3mMeHeHne 3HaueHNS X012 KOS B (QYHKIIMU HadYaja
MOJaYyl CUTHAJIA Ha TOPMO3SIIYIO KaTyIIKy (Hadajo paspsaa
KOHJIeHCcaTopa): 1 — pH JOCTHKEHUH SIKOPEM 3HAUCHHS X018
0,5 MM; 2 — Ipu IOCTHXKEHUH SIKOpPEM 3HaYeHUs Xoja 2,5 MMm;
OCTaJIbHbIE 3HAUEHUS — IIPOMEKYTOUHBIE

U3 rpaduka (puc. 8) BuaHO, 4TO BpeMsl cpabaTbiBa-
HUS OTIIMYAETCA MPUMEPHO Ha 25 %, 4TO CBHICTEIBCTBY-
€T O MaJIOM BIIMSIHUM KaTyIIKH TOPMOXKCHHMS Ha IBHIXKE-
HHUE AKOpsA MPUBOJA (BJ'II/I)IHI/IC CYIECTBEHHOC ITPU MaJIbIX
3a30pax MeXIy SKOpeM IPUBOJAA M KaTYIIKOMH).

B nanpHeiimewm, Bce pacdeTbl (U3UYECKHX ITPOLIECCOB
paccunTaHbl Ul CIENYIONMX 3HaYEeHMI: Havdauo mporecca
TOPMOJKEHHS SIKOpSI TIPHBOZIa COOTBETCTBYeT xoxy 0,5 MM
IIPH CeYEHUH TIPOBOJA Karymuku 1,5 mm” (N = 106).

Ha puc. 9 npuBeneH rpaduk HEHCTBYIOIIMX CHIL.
Kak crmemyer m3 puc. 9, cmima, melcTByromas Ha SIKOPb
MIPUBOJA, W MAarHUTHAs CHJIa OMCTaOMIBFHOTO (puKcaTopa
MEHSIIOT 3HAaK B 3aBUCUMOCTH OT X0Ja. XapaKTepucTuka |
MEHSET 3HaK 3a CUeT pa3psla KOHAEHCATOpa Ha KaTYHIKY
TOPMOJKEHHSI, XapaKTEPUCTHUKA 2 — 3a CUET Iepepacipe-
JCJICHUA IIOTOKOB B MarHuTe.

F.H T

5000

4000

3000

2000

1000

-1000
2 4 6 8

Puc. 9. I'padux neticTByromux cur: 1 — cuna, reficTByromias
Ha SIKOpb IPHBOJA; 2 — MarHUTHAsI CHJIA OMCTAOMIEHOTO
¢ukcaTopa; 3 — cuia KOHTAaKTHOTO HaXKaTHsI

t,MC)

Ha puc. 10 moka3zaHpl 3Ha4€HUS TOKOB B KaTyIIKaxX
OpIcTpoeiicTByomero nmpruBoaa. Kak moka3pIBaroT pac-

9eThl, TOKM KaTyIIeK MPaKTU4YeCKH HE OKa3bIBAIOT BIHUS-
HUS JApyr Ha apyra. Amepuoamdeckas ¢opma paspsaa
(kak Hambosee ONTUMAaNbHAS MO HCIOJb30BAHHUIO JHEP-
MU EMKOCTHOTO HAKOMUTENs ¥ HauOoiee Oe3omacHast st
AJIEKTPOJIUTHYECKOTO  KOHJICHCAaTopa) 00eCcreunBaeTCs
JUOJJAaMH, BKJIFOUCHHBIMH IapajuleIbHO Karymrkam. He-
CMOTpsI Ha WICHTUYHOCTH TAPAMETPOB KATYIICK M €MKO-
CTHBIX HAKOIUTENCH, TOKA pa3INIHbI 10 MAKCHMATBHBIM
3HAYCHUSAM U CKOpOCTH cnananus (puc. 10), 9ro cBszaHO
C TIOJIOKEHUEM SKOPSI TIPUBOJIA B MEXKKATYIICIHOM IIPO-
CTpaHCTBE (pa3NUYHA OSKBUBAJIECHTHAs WHIYKTHBHOCTD
ANEKTPUUYECKUX IIeTIel IEPBOX M BTOPOH KATYIIEK).

I, A
600+

4001\

200

200 b

-400

2 4 6 8

Puc. 10. Toku kaTymek: 1 — BKIIOYEHUS; 2 — TOPMO3SLICH

t, MC

Ha puc. 11 moka3aHbl 3aBUCIMOCTH X0/1a U CKOPOCTH
SIKOpel TpuBoaa M OuctabmibHOTO (prkcaTtopa B (QyHK-
U1 BPEMCHHU B IPOLECCC 3aMbIKaHUA KOHTAaKTOB.

S, MM
v, M/c

6

2 4 6 8 Lwmc

Puc. 11. lunamuka npuBoJa B IPOLIECCE 3aMbIKaHUS
KOHTaKTOB: 1 — IyTh; 2 — CKOPOCTh

Jdunamuka oTkodeHusi. (st ObicTponeHCTBYIO-
LIIMX KOMMYTALMOHHBIX YCTPOHCTB BaXXKHBIM MapaMeTpoOM
SIBJISIETCS MHTEPBAJl BPEMEHU OT MOMEHTA IMOoJIayH CUTHa-
Jla Ha OTKJIFOUYEHHE 10 MOMEHTA Havajla pa3MbIKaHUsl KOH-
TakTOB. Tak Kak KaTyLIK{ NPUBOJAA UJIEHTUYHBI, TO U3ME-
HEHHS B MOJICNM OYIOYyT KacaThCsl YPaBHEHUH, OIUCHI-
BaIOIIUX MEXAHHKY JBI)KEHHUSA: — CHJIa KOHTAaKTHOTO Ha-
KaTus Ha BEJIMYMHE IPOBajia KOHTAKTOB OyIeT He MPOTH-
BOJICHCTBYIOIICH, a IBIDKYIIEH; — Tpaduk H3MEHEHHS
MAacchl OyJIeT 3epKaJIbHBIM 110 OTHOIICHHIO K TpaduKy Ha
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puc. 2,a, a TPOU3BOAHAS OT MacChl IO TMEPEMEIIEHUIO
(puc. 2,6) Oyner mOJI0KHUTEINBHOMN.

Ha puc. 12 noka3zana TuHaMuKa OTKIIIOUEHUS TMPU-
Boma. Kak crmexyer u3 puc. 12, pa3MbIkaHHe KOHTAKTOB
MIPOUCXOMUT 3a BpeMs Mopsiaka 1 Mc, 9TO MOATBEPKIaeT
ero ObICTpOICHCTBHE.

S, MM
v, M/C

0 2 4 6 8
Puc. 12. lunamuka otiitoueHust: 1 — myTh; 2 — CKOPOCTh

t, MC

Ha puc. 13 npuBeneH TOk B sSKOpe HMHIYKIIHMOHHO-
JUHAMAYECKOTO MPHUBO/A B MPOIIECCE OTEPAINU «OTKITIO-
YCHHEY.

HecmoTtps Ha 3HaueHne Toka B 45 KA, TemnepaTypa
AKOPSI MHIYKIIMOHHO-IHMHAMHYECKOTO MPHBOJA 32 BPEMs
IBIDKEHUS yBennunBaeTcs: HezHaunTensHo (Ha 0,8 °C) 3a
CUET KPaTKOBPEMEHHOCTH €0 TEIIOBOTO JICHCTBUSL.

14, KA
10 =

0 2 4 6 8 4 mc

Puc. 13. Tox sikopst mpuBoza B (yHKIUH BPEMEHH

BriBOJBI.

1. Pa3paboTrana m 9acTUYHO HCCIICJOBaHA MaTeMaTH-
Yyeckasi MOJIeJIb HOBOTO OBICTPOCHCTBYIONIETO UHIYKIIU-
OHHO-IMHAMHUYECKOTO MPHUBOJA ¢ OUCTAOMIBHBIM (hHKCaA-
TOpOM Ha 0a3e MOCTOSHHBIX MATHUTOB, 0a3UpYyIOIIasics Ha
YPaBHEHUSIX 3JIEKTPOMArHUTHOI'O TMOJIs, 3JIEKTPUYECKOU
e u ypaBHeHme JOBWXKCHU. MOZ[C.H]) I1I03BOJIAACT Ha
OCHOBAaHHMU HCXOJHBIX JAHHBIX PACCUUTATh JMHAMHYE-
CKHE IMapaMeTphl MPUBOJIA.

2. [Noka3ana NMpUHIUNHAIBHAS BO3MOXKHOCTh CO3/JaHHS
OBICTPOICICTBYIONIETO MPUBO/IA TAKOTO THUIIA.

3. HampaBneHus najdbHEMILMX WCCIENOBaHUM Hpen-
CTaBIIIIOTCS B BHIE ONTHMHU3AI[MKM T'€OMETPHH, MapaMeT-

pPOB KaTyIIeK MNpPUBOJA M KOHIEHCATOPOB, T'€OMETPHUHU
oucradbuapHOro (pukcaropa, 00beMa M OCTATOYHON HH-
JIYKUUH TIOCTOSIHHBIX MarHUTOB Jisi oOecrieueHHs: Tpe-
OyeMbIX 3Ha4eHHH OBICTPOJECHUCTBHS, KOHTAKTHOTO HaXKa-
TUS ¥ rabapuToB anmnapara. JlanpHeluM HarpaBieHueM
UCCIIEOBAHMS TaKXe MOXKET OBITh HCCIIEIOBaHUE MPO-
LECCOB HA KOHTAKTaX BBIKIKOYATENl B 3aBUCHUMOCTU OT
napaMeTpoB NPHUBOJA M PacueThl MEXaHUYECKUX CHI,
BO3HMKAIOIINX B IPHBOJE B MPOLIECCE TPOTAHMUS, JBIIKE-
HUSI ¥ TOPMOXKEHHUS.

CIIMCOK JIMTEPATYPBI
1. bomox B.®., lllykun U.C. MccnenoBanue TEMIOBBIX IpO-
LIECCOB B JINHEHHOM HMMITYJIbCHO-HHIYKIMOHHOM 3JIEKTpOMeXa-
HHYECKOM Ipeobpa3oBarelie LuKiIndeckoro tuna // Enekrpore-
xHiKa 1 enektpomexanika. — 2017. — NeS. — C. 14-22. doi:
10.20998/2074-272X.2017.5.02.
2. baiina E.1. MatemaTiueckoe MOJIEIMPOBAHUE WHIYKIHMOH-
HO-JTMHAMUYECKHX cucTeM // EnexTpoTexHika i eleKkTpoMexaHi-
ka. —2009. - Ne5. — C. 13-16.
3. Bissal A. On the design of ultra-fast electromechanical Ac-
tuators. Licentiate thesis, monograph. — Electromagnetic Engi-
neering School of Electrical Engineering, Stockholm, Sweden. —
2013. 68 p.
4. Wen W., Huang Y., Al-Dweikat M., Zhang Z., Cheng T.,
Gao S., Liu W. Research on operating mechanism for ultra-fast
40.5-kV vacuum switches // IEEE Transactions on Power Deliv-
ery. — 2015. — vol30. — no.6. — pp. 2553-2560. doi:
10.1109/tpwrd.2015.2409122.
5. AnexcangpoB I''H., bopucor B.B., B HBanos.A. Teopus
JNEKTPUYECKUX aNIapaTtoB. Y4YeOHMK JUIS BTY30B MO CICLL.
«OnekTpuyeckue annaparsl». — M.: Beicias mkona, 1985. 312 c.
6. baiina E.U., Bonkosa O.I'. Marematuyeckasi MOJeIb OBICTPO-
JIEHCTBYIOIIETO NMPHBOJA aBTOMATHYECKOrO BBIKIIIOYATENS C WH-
IYKIHMOHHO-IMHAMHYCCKMM W OHUCTaOMIBHBIM (uKcatopoM //
Enexrporexnika ta enekrpoenepreruka. — 2018. — Nel. — C. 30-39.
doi: 10.15588/1607-6761-2018-1-4.
7. Meyer J.-M., Rufer A. A DC hybrid circuit breaker with
ultra fast contact opening and integrated gate-commutated thy-
ristors (IGCT) // IEEE Transactions on Power Delivery. — 2006. —
vol.21. —no.2. — pp. 646-651. doi: 10.1109/tpwrd.2006.870981.
8. WangZ., Sun L., He S., Geng Y., Liu Z. A permanent mag-
netic actuator for 126 kV vacuum circuit breakers / IEEE
Transactions on Magnetics. — 2014. — vol.50. — no.3. — pp. 129-
135. doi: 10.1109/tmag.2013.2284251.
9. Young-woo Jeong, Seok-won Lee, Young-geun Kim, and
Hyun-wook Lee. High-speed AC circuit breaker and high-speed
OCR // 22nd International Conference and Exhibition on Electricity
Distribution (CIRED 2013). Stockholm, 2013. pp. 1215-1218. doi:
10.1049/cp.2013.0834.
10. Knmumenko b.B. ®opcupoBaHHBIE 3JIEKTPOMAarHUTHBIE CHCTE-
MBL — M.: DHeproarommsnat, 1989. 160 c.
11. baiina E.W. MaremaTnueckass MoJeib pacdeTa TUHAMHUKH
JBYXIIO3UIIMOHHBIX 3JIEKTPOMArHUTHBIX aKTyaTOPOB BaKyyM-
HBIX BBIKJIIOYaTe]ed cpenHero Hamnpspkenus // XKXyphan Hayd-
HBIX MyOIUKanuii acnupaHToB M AOKTOpaHTOB. — 2013. — Nel.
—C. 136-141.

REFERENCES

1. Bolyukh V.F., Schukin LS. Investigation of thermal proc-
esses in a linear pulse-induction electromechanical converter of
cyclic action. Electrical engineering & electromechanics, 2017,
no.5, pp. 14-22. doi: 10.20998/2074-272X.2017.5.02.

2. Baida E.I. Mathematical modeling of induction-dynamic
systems. Electrical engineering & electromechanics, 2009, no.5,
pp- 13-16. (Rus).

8 ISSN 2074-272X. Enexmpomextika i Enekmpomexanika. 2020. Nol



3. Bissal A. On the design of ultra-fast electromechanical Ac-
tuators. Licentiate thesis, monograph. Electromagnetic Engi-
neering School of Electrical Engineering, Stockholm, Sweden,
2013. 68 p.

4. Wen W., Huang Y., Al-Dweikat M., Zhang Z., Cheng T.,
Gao S., Liu W. Research on operating mechanism for ultra-fast
40.5-kV vacuum switches. IEEE Transactions on Power Deliv-
ery, 2015, vol.30, no.6, pp- 2553-2560. doi:
10.1109/tpwrd.2015.2409122.

5. Aleksandrov G.N., Borisov V.V., Ivanov V.A. Teoriia elek-
tricheskikh apparatov [Theory of electrical apparatus]. Moscow,
Vysshaia shkola Publ., 1985. 312 p. (Rus).

6. Baida E.I., Volkova O.G. Mathematical model of a quick-
driving actuator of an automatic switch with an instant-dynamic
and bistable mechanism. Electrical Engineering and Power
Engineering, 2018, no.1, pp. 30-39. doi: 10.15588/1607-6761-
2018-1-4.

7. Meyer J.-M., Rufer A. A DC hybrid circuit breaker with
ultra fast contact opening and integrated gate-commutated thy-
ristors (IGCT). [EEE Transactions on Power Delivery, 2000,
vol.21, no.2, pp. 646-651. doi: 10.1109/tpwrd.2006.870981.

8. Wang Z., Sun L., He S., Geng Y., Liu Z. A permanent mag-
netic actuator for 126 kV vacuum circuit breakers. IEEE Trans-
actions on Magnetics, 2014, vol.50, no.3, pp. 129-135. doi:
10.1109/tmag.2013.2284251.

9. Young-woo Jeong, Seok-won Lee, Young-geun Kim, and
Hyun-wook Lee. High-speed AC circuit breaker and high-speed
OCR. 22nd International Conference and Exhibition on Electricity
Distribution (CIRED 2013). Stockholm, 2013. pp. 1215-1218. doi:
10.1049/cp.2013.0834.

10. Klymenko B.V. Forsirovannye elektromagnitnye sistemy.
[Forced electromagnetic systems]. Moscow, Energoatomizdat
Publ., 1989. 160 p. (Rus).

11. Baida E.I. A mathematical model of calculation the dy-
namics of two-position electromagnetic actuators of medium
voltage vacuum circuit breakers. Journal of scientific publica-
tions of graduate students and doctoral students, 2013, no.1,
pp. 136-141. (Rus).

Hocmynuna (received) 15.04.2019

Bauoa Eszenuii Hsanoeuql, 0.m.u., 0oy.,

Jlumeunenxo Bukmopus BﬂaduMupoeﬁal, cm. npenodasamery,
Yenenox Anexcandp Anexcandposuy’, k.m.n., doy.,

! HanpoHAaIBHBIH TeXHUYECKHIT YHUBEPCUTET

«XapbKOBCKUH MOJUTEXHUYECKUI HHCTUTYTY,

61002, XapbkoB, yi. Kupnuuesa, 2,

e-mail: baida.kpi@gmail.com, vikalitv21082@gmail.com,
chepl@i.ua

E.I Baida', V.V. Lytvynenko', A.A. Chepeliuk'

!"National Technical University «Kharkiv Polytechnic Institute»,
2, Kyrpychova Str., Kharkiv, 61002, Ukraine.

Peculiarities of dynamics of a fast-driven induction-dynamic
drive with a bistable latch of contacts position of a circuit
breaker based on permanent magnets.

Introduction. Recently, in the literature, inductive-dynamic
mechanisms (IDMs), known in foreign literature as a Thom-
son-drive, as a drive for various electrical devices are often
researched and developed. The simplicity and reliability of the
design, high speed make such devices indispensable in high-
speed electrical devices standing in DC networks, in which
emergency overcorrects are not limited by the reactance and
can reach significant values. The novelty of the proposed work
consists in the development of a mathematical model and the
study of the Thompson drive, in which a bistable two-position
mechanism consisting of a magnetic system with permanent
magnets, is used as the final position latches. The movement of
objects is carried out by deforming the computational mesh.
The problem is a multiphysical one, in which a parallel solu-
tion of several tasks of different nature is considered. Purpose.
Analysis of the fundamental possibility of creating a switching de-
vice with an induction-dynamic drive on the basis of a mathematical
model which allows to increase the reliability of the entire mecha-
nism operation and significantly simplify the design. Methods. The
solution of the problem was carried out by the Finite Element
Method in the COMSOL package in a cylindrical coordinate
system. Results. A mathematical model of a new fast-driven
induction-dynamic drive with a bistable mechanism, based on
the equations of the electromagnetic field, electric circuit,
equations of motion, was developed and partially studied. The
model allows to calculate the dynamic parameters of the drive
based on the initial data. Conclusions. The principal possibil-
ity of creating a high-speed actuator of switching devices
based on an induction-dynamic mechanism and a polarized
bistable mechanism based on permanent magnets is demon-
strated. The research directions of the model were determined
for the subsequent implementation of the results in experimen-
tal samples. References 11, table 1, figures 13.
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