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BJIMSIHUE @OPMbI TIONNEPEYHOI'O CEYEHUA MAT'HUTOIIPOBOJIA
IJIEKTPOMATI'HUTA ITIOCTOAHHOTI'O TOKA HA ET'O BBICTPOAEUCTBHUE

Y cmami po3enanymo numannn po3paxyHKy uwieuoKooii eneKmpomazHima noCmiitHo20 Cmpymy 6 3anexcHocmi 6i0 ¢popmu none-
peunozo nepemuny ocepos. Hageoeni axkicni ma KinbKiCHI Xapakmepucmuxu.

B cmamoe paccmampueaemcsa 6onpoc paciema 6btcmp00el?cmeu}l IEKMPOMAZHUMA ROCMOAHRH020 MOKA 6 3asucumocmu om
1])0pr1 nonepeuHo2co ce4enHun Mazuumonposooa. Hpuee@emzt KauecmeeHnHble U KOJIUYeCmeEEeHHble XapaKmepuCcmuKu.

BBEJIEHUE

U3 murepatypst [1], u3BectHO, 4TO 3a CUeT 3HAYH-
TENIFHOTO BIMSHUS BHXPEBBIX TOKOB, MAcCCHBHBIC 3JICK-
TPOMAarHUTHI TIOCTOSTHHOTO TOKa MMEIOT JOBOJIBHO 3HAYH-
TeNbHBIE BpeMeHa cpabaTbiBanus. OHAM N3 BO3MOKHBIX
METOJIOB YMEHBILICHHS BPEMEHH CpadaThIBaHMA TaKHX
3JIEKTPOMAarHUTOB SIBJISCTCS M3TOTOBJICHUE CEPACUHHKA C
BeIpe3amu crieruanbHoi ¢opmel [1]. TIpoBeputs 3¢ dek-
TUBHOCTh TAKOTO PEIICHHS TEOPETUUECKH IOBOJBHO 3a-
TPYIHHUTENIBHO, TaK KaK ISl 3TOTO0 HEOOXOANMO PEIINTh
3aJady O paclpeneseHuH 3JIEKTPOMAarHUTHOTO MOoms B
HEJMHEIHOW cpenie B HecTanmuoHapHOM pexume. Iloaro-
My, B [1] BiusiHEE BHXPEBBIX TOKOB IMPEIAracTCs ydH-
TBIBaTh BBEJECHHEM KOPOTKO3aMKHYTHIX KOHTYPOB C He-
CKOPBIM 3KBHBAJICHTHBIM aKTHBHBIM COIPOTUBIICHUEM,
OXBAaTHIBAIOIIMM MarHUTONPOBOA Oe3 rmoreps. Takoi yder
BIMSIHHUS BUXPEBBIX TOKOB HETOYEH IO CIEAyIomeil mpu-
yuHe. M3 TeopuH SIEKTPOMAarHUTHOTO TIOJISI M3BECTHO,
YTO COMPOTHBICHHE B YCTAaHOBHMBIIEMCS! CHHYCOWIANb-
HOM pPEXHME Ui MarHUTOINPOBO/A Paayyca a IIpU SIBHO
BBIPOKCHHOM TIOBEPXHOCTHOM 3ddekre mpencraBiser
co00H KOMIUTEKCHYTO BennuuHy [2]:

Z=r+j-x= IE
G-2-m-a-zy
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I7ie G — IPOBOAMMOCTb MaTepHaia; a — paauyc; Zy — IIy-
OvHA IPOHUKHOBEHUSI.

OKBHBaJEHTHas ITyOWHAa NMPOHUKHOBEHHUS OIpese-
nsiercs 1o ¢opmyie:

G-2-m-a-1y

—_—, @)

I7ie ® — Kpyrosas 4acToTa, |L — MarHdTHas NpOHHUIIAe-
MOCTb.

Tak Kak Kpyropast 4acToTa OTpa’kaeT CKOPOCTh HU3Me-
HEHUsI BEJIMYMHB], TO OYEBHIHO, YTO B MEPEXOIHBIX PEXU-
Max paOoTBI IEKTPOMArHUTa, & TAKOBBIM SIBIIICTCS PEXKIM
ero cpabaTeiBaHMs, "TIIyOMHA NPOHUKHOBEHMS OYyIeT u3-
MeHsomelcs: BennanHoi. [lepeMenHol BenmmunHOM OyaeT
W OTHOCHUTENbHAsh MarHUTHAas NPOHUIAEMOCTb, YTO €IlIe B
OoJIbILIeH CTETICHH BIIMSIET Ha BEITMUHHY Zo.

ITOCTAHOBKA 3AJIAU1
Henbto JaHHOM CTAaThU SIBISETCS MPOBEJICHUE CpPaB-
HUTEJIbHOTO aHaJlu3a CKOPOCTH HapacTaHWsi MarHUTHOTO
[I0OTOKa B TOPOMIAJLHOM MarHUTONPOBOJE C pacmpene-
JICHHOW OOMOTKOM, BKJIFOUAEMOW Ha ITOCTOSIHHOE Harmps-
JKCHHE TIPH pa3HBIX (opMax IMOMEPEYHOrO CCUCHHS Mar-
HUTOIPOBOJA.
Ha puc. 1 moka3aHbl pacyeTHBIC CEUCHUS] MArHUTO-
MIPOBOJOB C HAMAarHMYMBAIOLIEH KaTYIIKOM.

Puc. 1. PacuerHsie popMbl MarHATONIPOBOA

MATEMATUYECKAS ®OPMVYIIMPOBKA 3AJJIAYN
MaremaTHuecKyIo IIOCTAaHOBKY 3a/laud B 00IeM BH-
Jie MO’KHO COpMYIHpPOBATh cieayromumM oopazom: "Pac-
CUMTATh MEPEXOHBINA MPOIecC U3MEHEHHS TapaMeTpoB B
(heppOMarHUTHOM MAarHUTONIPOBOAE TPU TTOAKITIOYCHUH
HaMarHWYMBAIOIICH KaTyIIKW Ha TOCTOSHHOE HaIpspKe-
nue”. IlpuueM, 3amada Oyler pemaTbesi B OCECHMMET-
PHYHOM cucTeMe KOOpAMHAT, LIEHTP KOTOPOH COBMAIAET C
LEHTPOM TOpA, & LEHTP CEYEeHHUsI MarHUTOIIPOBO/Ia pacIio-
JIO)KEH Ha paccTOsTHUU R OT Havasa KOOpIUHAT.
B sTOM cirydyae pacueTHOE ypaBHEHHE B OOIEM BHAE
JUTS BceX o0acTeit OyIeT BHITIIAACTD:
G'%-f-vx(#'VXA):J, (3)
ot Mo - My
rre A — BEKTOpPHBIM MarHUTHBIA MOTeHIWan; J — IioT-
HOCTb TOKa CTOPOHHUX MCTOYHHKOB.
YpaBHEHHE dIEKTPUUECKON LIEHH!
Le~%+Re~l(t)+E(t)=U, 4)
rrne Le — MHOyKTHBHOCTh BHEIIHEH 1ienu; Re — akTHBHOE
comporuBienne karymku; i(t) — Tok karymkwm; E(t) —
nporuBo — D/IC; U — HanpshKEHUE TIeTH.
B (4) Beipakenne s E(t) Moxer GbITh momydeHo
Ha ocHOBaHMH 3aKkoHa Papanest:

B, -
E(t) =-w-|—%-dS, (5)
I

rae W — 4ucCJIO BUTKOB KaTYILKH, B(p — MarvuTHast UHAYyK-
s, S— IJI01aaAb MOBEPXHOCTH, IPOHU3BIBACMA B(p.
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B (3) 3HaueHHe CTOpPOHHEH IUIOTHOCTH TOKa B Ka-
TYyHIKe OyZeT ONpeAesThCs 1Mo hopMyIe:
7-6 1O Gowy-5, " OY osa),  (6)
Sk Sk
rae Sy — IIomaIh NPOTEKaHUs TOKA MO KaTyIIKe.
3HaYeHUs] TPUrOHOMETPUYECKUX (PyHKIMii B (6) orr-
penensrores mo popmynam:

z (r-R)

—_— cos(a) =
J(r=RP+22 (r—-Rf +22

rae R - pacCTodHue OT HavaJla KOOpAWHAT A0 HCHTpaA
CCUCHHUSI MAarHuTOIpoOBOAA, I', Z — TCKYIIME KOOPAUHATHI B
npeaciax CCUCHUS KaTYIIKHU.

()

sin(o) =

NCXOJAHBIE JAHHBIE JIJISI PACUETA
B kauecTBe MCXOMHBIX JAaHHBIX NMPUHUMAINCH Clle-
JyloIye 3Ha4YeHus. auaMmerp cepaeunuka — 40 mwm; mm-
pHHa KaTymku — 16 MM; paccTosiHAe OT Hadasa KOOpIH-
HAT JI0 I[EHTpa MarHuToNpoBoaa — 60 MM; 4HCIIO BUTKOB
katymku — 470; conporuBieHue katymkd — /7 OM; uH-
JYKTUBHOCTh BHEIIHEW Lenu — 1.10° I'n; HampspxeHue
cetu — 200 B; Bpems okoH4aHHs cuera — 3 MC. 3aBHCH-
MOCTb OTHOCHTENIbHOH MarHHUTHOH IPOHHIAEMOCTH OT
3HAYEHHs MarHUTHOW WMHIYKIUH 331aBajoCh B CIEIyIO-
meit Gopme:
1y =3000-exp(~1.13-B2) +1. (8)
I'pacmaecknii BUI 3aBUCUMOCTH TIPUBE/ICH HA pHC. 2.
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Puc. 2. KpuBasi MarHuTHOH IPOHULIAEMOCTH

PE3VJIbTATBI PACUETA

Pemenne 3amaun ocyniecTBISUIOCh METOZOM KOHEY-
HBIX 3JIEMEHTOB B CIICLMAIN3UPOBAHHOM MPOrPaMMHOM
KOMIUIEKCE.

Ecimu npunsTh, 9T0 KpUTEpreM ObICTpOAEHCTBUS dJIeK-
TPOMarHUTHOIO MEXaHH3Ma IIOCTOSIHHOIO TOKa SIBIISIETCS
CKOPOCTh HapacTaHwsI [I0TOKa B cepieynuKe (KBaapar moTo-
Ka MPOIOPIMOHAIEH 3HAYCHHIO TATOBOM CHIIBI), TO CPABHH-
TEJbHBIA aHAIM3 3TOM XapaKTePUCTHKH TIO3BOJUT OIpEie-
JMTh BiMsiHUE (DOpMBI cedyeHWst Ha OblcTpornelictBue. Pe-
3YJIbTaThl TAKOrO CPABHHUTEIBHOIO pacydeTa IOKa3aHbl Ha
puc. 3, Tae 3HAYEHUS ITOTOKOB IPEACTABICHBI B OTHOCH-
TEJIbHBIX IMHUIIAX B 3aBICHMOCTH OT KOJIMYECTBA BHIPE30B.

Kak cienyer n3 puc. 3, yBenudeHne 4ncia BEIPE30B
YBEIMYHMBAET CKOPOCTh HApacTaHWsl MarHUTHOTO ITOTOKA.

HU3BectHo [2], 9TO MTHOBEHHOE 3HAYCHHE JIEKTPH-
YEeCKOTO COIIPOTUBIICHHS, ITPUBHOCHMOTO B IIETIb MarHu-
TOIPOBOZOM MOYKHO OTIPEAEIHTH 110 (hopMyIIe:

E(t

Zo(t) = ﬁ ) 9)
i(t)

rae Ze(t) — MrHOBEHHOE 3HAYCHHE DJIEKTPUYECKOrO CO-

nportusieHus; i(t) — MTHOBEHHOE 3HAYECHHE MTOTOKA.
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Puc. 3. OTHOCHTEIBHBIE 3HAYEHUS TIOTOKOB ISl CEYECHUI
pas3uaHON (OopMBI

Ha puc. 4 MOCTPOCHBbI TAKUC 3HAYCHUSA JISI MArHu-
TOIMPOBOAOB, IMOKA3aHHLIX Ha PpUC. 1.
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Puc. 4. 3naueHns SMEKTPHIECKOTO CONPOTHUBICHHS,
MIPUBHOCHMOTO B [IETTb MAaTHUTOHMPOBOIOM

Ha puc. 5 nokazaHo pacapeacicHue MarHUTHOM WH-
JAYKIIMA B CCYCHUU YCPE3 3 MC mocIie BKIIFOUEHUS KaTYIIKH.
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Puc. 5. Pactipeenenne HHIYKIUE B MArHUTOIIPOBO/E

H€06XOZ[I/IMO OTMCTUTB, YTO BCC PACUCThI ObLIN
MNpOBCACHBI I Cliydasd 3aMKHYTOI'O MAarHuTOIIpOBOJA.
I[JIS[ BBIICHCHHS BJIUMAHUA (1)0pMI>I CepACUYHUKa Ha CKO-
POCTb HAapaCTaHWA MArHUTHOI'O IIOTOKAa B CaMOM 06HI€M

16 ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2011. Vo3



ciry4ae, HEOOXOAWMO ITOCTPOWUTH MOJENb C Y4ETOM He-
MarHuTHOrO 3a30pa B MarHUTOIPOBOJE.

Ha ocnoBannm 3akona Kupxroda nms mMarHuTHOH
LENH A1 MarHUTONIPOBOJA C BO3AYLIHBIM 3a30pOM MOXK-
HO NPEANOJIONKUTh, YTO AKBUBAJICHTHOE MAarHUTHOE CO-
MIPOTHUBJICHHUE B 3TOM Cirydae OyneT CyMMOI MarHUTHOTO
COIPOTHBJICHHS] MArHUTOIIPOBOJA U BO3YIIHOIO 3a30pa!

Re =Ry +R5 = L + 0 , (10)
Ho'Mr-S Mg-S
rae L — cpenmsis 1ymMHa MarHUTHOM CHUIOBOM JIMHMHM, S — ce-
YeHHE MarHUTOIPOBO/IA; O — BEJTMUIHA BO3/YIIHOTO 3330pa.

B sTOM citydae MOKHO FOBOPHUTH 00 SKBHBAJIEHTHOU

OTHOCHUTEJIbHOM MarHUTHOM MPOHULIAEMOCTH PaBHOM!

— 14_55.
Kre =Hr L Mr |-

Tax, x npuMepy, Iy BEIMYNHE BO3TYIIHOTO 3a30pa
B 3 MM, BeJIMYMHA MaKCHMaJIbHOM MarHUTHOW IpOHHUIIAe-
Mmoctu camxkaercs ¢ 3000 o 120 exuann,. Ha puc. 6 npu-
BeieH TpaduK SKBUBAJCHTHOH OTHOCHUTEIBHOW MarHuT-
HOM NPOHUIIAEMOCTH B 3aBHCHUMOCTH OT BEJIMYHMHBI BO3-
JYLIHOTO 3a30pa.
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Puc. 6. 3aBHCHMOCTD SKBUBAJIEHTHOW MAarHUTHOM
MPOHUI[AEMOCTH OT BEJIMYMUHBI BO3AYIIHOTO 3a30pa

Ha puc. 7 MPUBCACHBI 3HAYCHUSA IMOTOKA B OTHOCH-
TCJIBHBIX SIMHUILIAX C YUCTOM SKBUBAJICHTHOI MarHUTHOH
MMPOHUIIAEMOCTHU JId ABYX (1)0pM MAar"HuTorpoBoza.
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Puc. 7. Hapacranmue MarHUTHBIX TOTOKOB JUISL CIUTOIITHOTO
CEUCHMS U CEYCHUS C YETBIPhMS pa3pe3aMu

Ha puc. 8 mpuBemeHbl KapTHHBI pacHpeneleHHs
MarHuTHOM MHIyKOuHM 4epe3 1 Mc m 3 MC 10 CEYCHHUIO
MarHUTOIPOBO/IA.

lwme

Puc. 8. PacnpeneneHue MarHUTHOI HHAYKIUH 110 CCYCHUIO
MarHuTOIPOBOA B MOMEHTHI BpeMeHH 1 Mc 1 3 MC

BBIBOJIbI

1. CkopocTts HapacTaHusi MAarHUTHOTO MIOTOKA CyIIle-
CTBEHHO 3aBUCUT OT ()OPMBI MONEPEYHOT'O CEUEHHS Mar-
HHUTOIPOBO/A.

2. DIJIEKTpUYECKOE CONPOTHUBIICHNE, TIPUBHOCHMOE B
JIIEKTPUUYECKYIO IIETTh MAarHUTHON CHCTEMOM, HE SIBJISICTCS
MIOCTOSTHHOW BEJIMYMHON M 3aMeHa BIMSHHS BHUXPEBBIX
TOKOB 5KBHBAJICHTHBIM aKTUBHBIM COIIPOTHBJIEHHEM BO3-
MOYKHO TOJIBKO ISl IIPHOJIVPKEHHBIX PacyeToB.

3. Hanmume Bo3myniHoro 3a3opa He BIHSET HA COOT-
HOIIICHHE TIOTOKOB.

4. B cepaedHHKe ¢ BBIpE3aMH MOIMEPEYHOE CEUCHHE
MarHuTONpPOBO/Ia HCTONB3yeTcsd Oornee 3((PEeKTHBHO B
MIEPEXOJJHBIX PEKMUMax, 4TO CIIOCOOCTBYET YMEHBIICHHUIO
BpEeMEHH cpabaThIBaHuUs JIEKTPOMarHura.

5. VYBenmueHHe IOTOKa B CEPACYHHMKE C BbIpE3aMu
MPOUCXOJIHT HE 3a CYET YMEHBILIECHHUsI BUXPEBBIX TOKOB (OHU
BO3PACTaIOT), a 3a CYET yBeIM4eHHs d(QPEKTHBHOrO MIHO-
BEHHOTO CEYEHHSI MarHWTONPOBOJA DPABHOIO IEPHMETPY,
YMHO)KCHHOMY Ha MI'HOBEHHOE 3Ha4€HHe TTyOMHBI IIpO-
HUKHOBEHUSI MArHUTHOTO MIOTOKA.
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Effect of a dc electromagnet magnetic conductor sectional
shape on its speed.

The paper considers a DC electromagnet speed computation
problem as function of the magnetic conductor sectional shape.
Qualitative and quantitative characteristics are given.
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