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AKTyanbHOCTb UCCIeA0BaHNN. Xene300TAenTeNv Ha OCHOBE 31eKTPOMAarHUTOB MOCTOHHOIO TOKa HaXoAAT MOBCEMECTHOE MpMMeHe-
HUe BO MHOMVX OTPaC/IAX MPOMBILLIIEHHOCTH, HAaMPYMED, Ha PyA00OOraTuTeNbHbIX (abpyikax, yrofbHbiX TEMONEKTPOCTaHUMSAX, KOK-
COXVIMMYeECKMX 3aBOAAX U T. 4., ANS 3aLmTbl 000PYA0BaHUS OT MEXAHWHYECKMX MOSOMOK, @ TakXe 3aCOpeHisl KOHEYHOro nPOAyKTa fo-
CTOPOHHVMY fpeaMeTaMy, Npu4emM cenapawmsi OCHOBaHa Ha eppPPOMarHNTHbIX CBOVICTBAaX 3TX peameToB. Cpeam MarHUTHbIX CUCTeM
3N1EeKTPOMArHMTOB MOCTOSHHOIO TOKa C MOMIOCHBIMU HAKOHEYHUKaMU KilanaHHas MarHuTHas cucrema sBiseTca Hanbosnee pacnpocrpa-
HEHHO, @ 3Ha4YUT XOPOLLO U3YHeHHOM, TaK Kak Hall/a LMPOKOE MPVMEHEeHVe B IPUBOAAX 3MeKTPOMAarHUTHbIX KOMMYTaLMOHHbIX anna-
partoB, YCTPOVICTBaX aBTOMAaTVKV 1 yripaseHus. OfHaKo faxe npu CUHTe3e Takov MarHUTHOM CUCTEMbI 31eKTPOMAarHnTa y pa3pabordu-
KOB BO3HYVKaeT npobnema onpeaeneHis SONM MarHUTHOrO MOTOKa o4 MOMOCHBIM HAKOHEYHUKOM B pabodem 3a3ope. PelueHue 3apaqm
eLLé boniee OCNIOXHSETCA My OTCYTCTBUM B 31EKTPOMArHUTE MOCTOSHHOO TOKa TOBOPOTHOIO SKOPS, MOCKOSBKY MarHUTHOE Mofe B MeX-
MOJIIOCHOM 3a30pe OKa3blBaeTCA Pe3KO HEOAHOPOAHbIM, 3aTyXaloLUMM 10 Mepe yAaneHus NCCnenyeMou To4KM OT MI0CKOCTY MOJIOCOB.
Takoe pacripesenieHme MarH1THOro oIS UMEET MeCTO B CrieLMallbHbIX 3N1eKTPOMAarHTax noCcTOAHHOIO TOKa — MOABECHbIX Xene300Tje-
JIATENIAX, KOTOPbIE UCIOSb3YIOTCA /1A U3BIIEYEHNA (DEPPOMArHUTHbIX MPEAMETOB U3 Pa3NINYHBIX Cbify4iX MaTepUanoB, TPaHCIOPTIpPYe-
MbIX JIEHTOYHbIMU KOHBEVIEPaMM.

Llenb nccnepoBaHmns. PaccmoTpeTb KOMMAEKCHbIV MOAXOA K MCCIER0BAHMIO MarHUTHOIO MOJIA 31eKTPOMArH1Ta MoCTOSHHOMO ToKa C
pacLLenieHHbIMU NOIoCamm v MOMIOCHbIMU HaKOHEYHUKAMU, XapakTepU3yIOLUMICA N3yHeHneM pe3kon HeOAHOPOAHOCT MarHUTHOIO
0715 B MEXMOIOCHOM 3a30p€ 1 3@ ero npesenamm.

MeTtogabi nccneaoBamus. ViccnenoBaHye npoBoAMIOCH C UCMOb30BaHUeM Pa3paboTaHHOro 1abopatopHOro CTeHaa 31eKTpoOMarH1Ta
C npvmeHeHnem nporpamMmHoro obecnedenns Elcut 6.0. [10AX0A OCHOBBLIBAETCS Ha COMOCTaBAEHMM Pe3ybTaToB SKCNEPUMEHTaIbHOIO
WCCNeNOBAHVIS MarHUTHOIO MOJIS M MarHWUTHOW CUAbl 151 OMbITHOTO 00pa3La 31eKTPOMAarHUTHOO Xene300TAenUTeNs C NOMOLUbIO Lix-
hpoBoro munnmTeCnameTpa ¢ AaTankom Xona, Y1CeHHoro pacdeTa MarHUTHOro NoJsis B Komriekce nporpamm Elcut 6.0 v aHanutnye-
CKOro pacyeta HanpsKeHHOCTV MarHUTHOIO MOJIA.

Pe3ynbTatbl nccneaoBaHus. [101yyeHHble Pe3ybTaTbl KCNEPUMEHTANbHOO MCCIEA0BaHMS MArHUTHOIO MOMIS Ha OMbITHOM 0bpa3Lie
3M1eKTPOMArHnTa ¢ UCMosb30BaHNEM LMGpPOBOro MUIIUTECTIAMETPA C AaT4vKoM XOia LOMONHEHb! Pe3y ibTaTaMy aHannTU4eckoro 1
YUCTIEHHOIO PacYeTa MarHATHOrO MO, BbIMOHEHHOIO B KoMriekce nporpamm Elcut 6.0 (mpogpeccroHansHas Bepcus). HanexHocTs
NPeACTaBIeHHbIX Pe3y/bTaToB 3KCEPUMEHTa v pacyeTa NOATBEPXAAETCA MPOBEPKOM 3aKOHa MOSHOrO Toka B 3aMKHYTOM KOHTYpe.
B xone aHam3a 3atyxaHus MarHUTHOIO MOJIS 21EKTPOMarH1Ta Ha cepenrHe MeXMOMOCHOMO 3330pa o Mepe yaaneHus uccieaqyemou
TOYKM OT MOMIOCHBIX HAKOHEYHMKOB ONPeaeeHo ONTUMalbHOe PaccTosIHME MEXAY MOIOCHbIMU HAKOHEeYHMKaMU, Npy KOTOPOM yAesb-
Hasl NOHAEPOMOTOPHAS ChIa MarHUTHOIO 071 OCTUraeT MakCUMalbHOIo 3Ha4eHus.

Knio4eBble cnoBa:
INeKTPOMAarHnT MOCTOAHHOIO TOKa, MEXMOMOCHBIN 3a30p, MOMIIOCHbIE HAKOHEYHMKM, PaCLUENIEHHbIE NOI0Ca, MPOBEPKa 3aKOHa noi-
HOrO TOKa, 3aTyXaHue MarHUTHOro MoJifi, MOHAEPOMOTOPHbIE CUTIbI.
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BBepeHune

MaruuTHaA cemapanusa B pecypcocOeperaroniux
TEeXHOJIOTUAX IO3BOJAET WCKJIUUTH MOMaJaHue
CTAJIbHBIX TIPUMecell B MAIlTMHbI U MEXaHU3MBI, BbI-
XOJI X 13 pab0vero COCTOAHUA U CHUBUTH USHOC 000-
pynoBaHud. Biarogapa MarHUTHOM cemapanuy Ha
OPeNPUATUAX IIePepaboTKU PAaCTUTEIBHOIO CHIPbA
YMEHBIIIAeTCS BEPOSATHOCT B3PhIBA MBLIEBO3AYIIHON
CMeCH BCJIEJICTBYE BOSHUKHOBEHUSA UCKPHI IIPH IOTIA-
JTAHWW CTAJTHHBIX BKJIIOUEHUN B JWMHUIO TPAHCIODPTH-
poBku [1].

Ha mpengBapuTenbHONl cTaguu IIPOEKTUPOBAHUA
JKEJIe300T e IuTeNIell HanboJbIINN MHTEPEC ¥ paspa-
0OTYMKOB BBI3BIBAET MCCJIE0BAHNE MATHUTHOTO TIOJIS
JJIs TOYEK BEPTUKAJIU CePeIUHBI MEKIIOJTIOCHOTO 3a-
30pa, rae HamboJiee TPYAHO M3BJIEUYh (DEPPOMATHUT-
HBIE TPeIMETHI BCJIE/ICTBIE MAKCUMAIBHOM TOJIIAHBI
OUHMIIIAEMOT0 CJIOS ¥ MUHUMAJIbHOTO 3HAUEHNA BOZHY-
Kalledl B HEOZHOPOZAHOM MAarHUTHOM II0JI€ TIOH/EPO-
MOTOPHOH CHJHI [2]:

F,. =—gradP, (1)

H 2
rge P = J. %dv — [OTeHIMAIbHAS DHEPTHUA Ha-
\Y

MarHUYEHHOHN YacTUIlbl; H — MOIyIb HAIPAKEHHOCTH!
MAaTHUTHOTO T10JI; V — 00'beM YaCTHUIIbI; y, — MATHUT-
Has BOCIPUUMYKMBOCTD YACTHIIBI; L, — MATHUTHAA IO-
CTOSHHAS,

ITpu maseIxX pasMepax HAMarHMYeHHOW YaCTHIIBI B
o0beme V Mogyib HAIPAKEHHOCTH MATHUTHOTO IIOJIS
H MOHO CUMTATh OJWHAKOBLIM U BBIPAKEHME [IJIS
MOHePOMOTOPHO CHUJIBI YIIPOLI[AETCS:

ITocKoMbKY HATIPAKEHHOCTh MATHUTHOTO TOJSA C
VBEJIMYEHNEM PACCTOSHUA OT MOBEPXHOCTH MArHUT-
HOM CHCTEMBI 9JIEKTPOMAarHuTa YMeHbIIAeTCs
(gradH<0), TO HOMOKHUTEIbHOE 3HAUEHWE MOHAEPO-
MOTOPHOI CHJIBI 03HAYUAET, UTO IO €€ AeiicTBueM (ep-
DOMATHUTHBIE UACTUIBI OYAYT TE€PEMEIaThCd K MO-
qocaM. B Beipaskenun (2) BeTHUnHy

F, = HgradH (3)

IPUHATO HA3BIBATh MATHUTHOHN CHJION, OHA HE 3aBU-
CHUT OT (POPMBI, Pa3MepOB U MPUPOALI M3BJIEKAEMOTO
TeJa, a XapaKTepus3yeT TOJbKO CBOMCTBA MArHUTHOTI'O
IOJIA U KPUTEPUI KauecTBa paspabdaThIBaeMOil KOH-
CTPYKI[UH 3IEKTPOMATHATHOTO JKeJIe300TAeINTe .

AHanutnyeckoe pelieHne
And pac4yeta MarHUTHOro nons

Pacuer MarauTHOTO MOJIA HA CEPeIUHE MEIKIIOJIO-
CHOTO 3a30pa MJIfA ITIOJBECHOTO 3JEKTPOMATHUTHOTO
JKEJIe300T/IeTUTE A HA TIPeIBAPUTENBHOM CTaLUH TIPO-
eKTUPOBAHMA MOKHO CBECTH K aHAJIUTUYECKOMY Pac-
Yery ILIOCKONAPaJIeJbHOT0 MAarHUTHOTO MOJA JBYX
0eCKOHEUYHBIX IJIACTUH IMUPUHOHN L, OTCTOANITUX APYT
OT IpyTa Ha paccTosHuY 20, IMEIOITNX Pa3HOCTh Mar-
HUTHBIX ToTeHnuanos U, (puc. 1). Ha ocu cummerpun
MAaTHUTHOM CHUCTEMBI HANPAKEHHOCTH MATHUTHOTO
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TI0JIST UMEET TOJBKO FOPU30HTAIBHYIO COCTABIISIONYIO
[3], a umenHO:

U, (L+5)
2K(K) /82 + y? J(L+5)* +y*

T7ie Y — PACCTOSHME IO BEPTUKAMU OT ILIOCKOCTHU TIO-
JIFOCOB /10 PACUETHOM TOUKKA, B KOTOPOH ONpeIesIaeT-
s HAIIPSPKEeHHOCTD MarHuTHOro moJst; K(K) — momHbrit
AJITUTIITAUECKUI HHTETPAJ IIEPBOTO POfa ¢ MoayieM K,
aNIPOKCUMUPYEMbIH BBIDAKEHUEM (C TOYHOCTBIO IO
YETBEPTOTO BHAKA TTOCJIE 3ATIATON)

H=H,(y)=

(4)

: 2yn 1
K(k):;(l—k )| a +b |nm ,

MOZYJIb k—#
Y L+s’

a, =1,3862944, a, =0,119723, a, =0,0725296;
b, =0,5, b, =0,1213478, b, =0,0288729.

"\

LA

S, =/ (L+8Y +y

S, =./0"+y"

Puc. 1.
Fig. 1.

PacyeTHas cxema MarHUTHOM CUCTEMBbI

Structural diagram of magnetic system

IIpencraBienHOE aHATUTHUECKOE pPelieHue (3) A1
MOJYJIS HAMPSKEHHOCTH MATHUTHOTO TOJIS Ha cepe-
IHE MeKIIOJI0CHOTO0 3a30Pa MCI0Ib3yeTCs Ha CTaLNN
IIPeIBAPUTEIbHBIX TPOEKTHBIX PACUETOB 9JIEKTPOMAr-
HUTHBIX JKeje300TaeauTeseit. Ha aToi ctaguu pacuer
pacipejieieHis HANPSKEHHOCTY MArHUTHOTO IOJIS
TI0 BCEMY MEeJKII0TIOCHOMY IIPOCTPAHCTBY U MO/ TOJTI0-
CHBIMY HAKOHEUHWKAMU, KaK IPABUIO, He MPOBOIUT-
s, TOCKOJbKY MMEHHO Ha CepeliHe MEeXKIIOJIOCHOTO
3a30pa TPyIHee Bcero 00ecmeunTsb nu3BaeueHue heppo-
MarHUTHBIXIIPEMETOB BCJIEICTBHE MaKCHMAaJbHOMI
TOJIIIIUHBI CJIOSA OUMIIIAeMOro MaTepuasa [3, 4].

Ilenpio maHHON CTATbU ABAAETCS KOMILIEKCHBIH
TIOXO0[ K MCCIeI0BAHNI0 MATHUTHOTO TIOJIS TOJIBECHO-
I'0 BJIEKTPOMATHUTHOTO JKeJIe300TAeNUTes IOCTOIH-
HOT'O TOKA C PACIIEILIEHHBIMY OJTI0CAMH ¥ IOJTIOCHBI-
MU HaKkOHeuHuKaMu. [101X0/ 0CHOBBIBAeTCS Ha COIIO-
CTaBJIEHUM PE3YJIbTATOB SKCIIEPUMEHTAILHOTO UCCITE-
IOBAHUSA MATHUTHOTO IOJS W MATHUTHON CHJIBI
F =HgradH nys onbITHOrO 00pasia JIeKTPOMATHUT-
HOT'0 JKeJIe300TAeINTEIS ¢ IOMOIIbIO II(PPOBOr0 M-
JnuTecjIaMeTpacIaTInKoM Xosaa [5], umcieHHOTro
pacuera MAarHUTHOTO MOJIA (MATHATOCTATHYECKAS 3a-
naua) B Komiutekce mporpamm Elcut 6.0 (mpodeccuo-
HalbHAS BepcUs) U aHAIUTUYECKOTO pacuera Hamps-
JKEHHOCTH MATHUTHOTO TIOJIA C MCIOJb30BAHUEM BhI-
paskenud (3).
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Puc. 2. 3Sckuz (a) un BHewHm Bug (6) MarHUTHONM CUCTEMbI 3MEKTPOMArH1Ta MOCTOSIHHOMO TOKa: 1 = MOMIOCHbIE HaKOHEYHUKM,
2, 3 — 0bmoTKa, CoCToALas 13 ABYX MAEHTUYHBIX KaTyLek; 4 = pacLuernsieHHble nomoca, 5 = ApMo; 6 —~ 1abopatopHbIN CTeHs,
7 = ungposovt munamtecnametp TI1Y-03, cHabxeHHbI fativkom Xonna

Fig. 2.

Sketch (a) and appearance (b) of magnetic system of DC electromagnet: 1is the pole pieces; 2, 3 is the winding consisting of

two identical coils; 4 are the split poles; 5 is the yoke; 6 is the laboratory stand; 7 is the digital milliteslametr TPU-3 equipped

with the Hall sensor

OnucaHue NaGopaTopHOro CTeHAa

IKcImepuMeHTaIbHAS YACTh WCCIETOBAHUA Mar-
HUTHOTO 01 BBITIOJTHEHA Ha OTILITHOM 00pasIie 3JIeK-
TPOMArHUTa. JCKU3 DIEKTPOMATHUTA U BHEIITHUN BI]
J1a00pPaTOPHOTO CTEH/[A TOKA3aHbI Ha PHUC. 2.

dJIeKTpuUecKasa cxeMa JJabopaTOpHOTO CTEeHAA II0-
KasaHa Ha puc. 3. OUbITHBIA 00pasel 3JIeKTPOMArHUTA
MMeeT MoJTHOe Yucyio BUTKOB 00MoTKY W=1100. Tox 00-
MoTKE [=2,1 A. MarauTomnpoBo | BEIIIOTHEH U3 JIUCTO-
BOI ropsueraranoii craau mapku Cr. 20: apmo ceped-
HUKA pasmepoM 376x140x20 mm, ImecTh HAGOPHBIX
mosrocoB pasmepamu 20x140x140 mm, gBa MOJTIOCHBIX
HarKoHeuHMNKa pasmepamu 160x140x20 mm. Tommuaa
rarymgu — 20 MM, BeIcoTa KaTymky — 140 MM, 3a30p
Me:RIy HaO0OpHBIME mojocamMu — 20 MM, TOJITEHA
CTEeHOK KapKaca KaTyIlIeK — 5 MM.

O6aacTh HCCTETOBAHHS

MATHHTHOT' O OIS 2
1
1( w/2 g P w/2
»~— =]
Cetp —‘—®—

~220B | >I -
— —O—I

Puc. 3. SnekTpuyeckas cxema n1abopaTopHON yCTaHOBKU:
1= BbINpAMUTENTb, 2 ~ 31EKTPOMArHNT NOCTOAHHOIO TOKa
C ZIBYMSI MOSIOCHBIMY HAKOHEYHVIKaMU

Fig. 3.  Electrical circuit of the laboratory device: 1is the rectifier;

2 is the DC electromagnet with two pole pieces

WccnepoBaHue MarHTHOro nons
B NporpaMmHom obecneyenunm Elcut 6.0

PacueTnafuacThucCIe0BAHNAMATHUTHOT OO
YHUCJIEHHBIMMETOOM IIOCTPOEHA HA PEIIeHUN 3a/aunl
JUHENHON MArHUTOCTATUKU B KOMILIEKCE IIPOrpPaMM
Elcut 6.0 (mpodeccuonanbuas Bepcus) [6—8]. B 3ana-
Yye MarHUTHOE II0JIe IIPMHUMAETCA II0CKOIAPAJLIEeNb-
HBIM (BeKTODPHI B 1 H j1e)KaT B IJIOCKOCTH XY, 3aBUCAT
OT KOODJMHAT X 1 J ¥ He 3aBUCAT OT KOOPJAUHATHI 2).
Bekrop miotHOCTH TORA J =J, MMeeT OgHY cocTa-
BJIAIONIYIO, HANIPABJIECHHYIO BIOJb OCH 2. B mexapro-
BOH cmcTeMe KOOPAWHAT MATHUTHOE IOJe 3JEKTPO-

MariuTa B KYyCOUYHO-OAHOPOAHBIX CpeAax OIIMChIBAET-
CdA C IIOMOIIIBI0O YPaBHEHUA HaHJIaca—HyaCCOHa OTHO-
CHUTEJIbHO BEKTOPHOT'O MAarHNTHOT'O IIOTEeHI[AaJJIa A=A2

[9-12]:
a[la&]+a[1%]:_ﬂojz, &)
ox\ u' ox oy\u' oy

ILnomaznb obacTy MOAEINPOBAHUA C YIETOM KY-
COUHO-OJJHOPOAHBIX CPeJ C PA3JINYHBIME MATrHUTHBI-
MU MIPOHUIIAEMOCTAMHU (CTaIb, 00MOTKA C TOKOM, BO3-
nyx) cocraBiger H50x300 mm?.

Ha BHemHell rpanuie 00JacTH IPUHUMAETCA
YCJIOBHE, UTO BEKTOPHBI MATHHUTHBIN MTOTEHI[AAJ
A,=0, oTHOCUTeJSbHAHd MAaTHUTHAA MPOHUIAEMOCTH
cramnu (' =2000, oTHOCHTEIbHAS MATHUTHAS IPOHMUIIA-
€MOCTh BO3JyXa X OOMOTOUHOrO MeJHOTO IIPOBOJA
w'=1. TeomeTpus Mojeay 3JEKTPOMATHUTA 3ajaHA
pasmepamu: a=376 mm, h=140 mm, L=170 mm,
20=36 MM, b=20 MM (puc. 2). Ob6sacTh MOAEIH IIO-
KDBIBAETCA CETKOM KOHEUHBIX 3JIEMEHTOB (u3 0osee
124 Thicsy y37108B, ¢ MAroM AuCKpeTusanuu 1 Mm).

ITpoBepka YKMCIEHHOTO pacueTa KapTHHBI MATHUT-
HOro 110Jis dieKTpoMaruuTa B maxkere Elcut 6.0 mo 3a-
KOHY IIOJHOTO TOKA s IIPOM3BOIBHOTO KOHTYPA I0-
Kasaja, uTo TpY 3aJaHHOM Ilare JUCKPETUSAIAN
ommbKa pacuera He MPEBLIIIAET OJHOIO MPOIEHTA
[13-16].

Ilo paccumraHHOW KapTWHE MATHUTHOTO IIOJIA
HJIEKTPOMATHUTA MOKHO OIIPEIeIUTh U3MEHEHIE BeK-
TOPA HAIPAMKEHHOCTH MATHHTHOIO IIOJIS M ero CoCTa-
BIAIOIIX B JII0O0M 3aJaHHOM HAIPABJIEHHUH, HAIIPH-
Mmep 1o crpenke £ (puc. 4). 3 rpaduka BUIHO, UTO HH-
TEHCHUBHOCTb MArHHTHOTO IOJIAHA CepeluHe MeyKIIO-
JIFOCHOTO 3a30pa, TO €CTh CIIOCOOHOCTH ero IPOU3BO-
IUTH PaboTy, OKa3bIBAETCS 3HAUNTEIBHO 00JIbIIIE, YeM
II07] IIOJIIOCHBIMY HAKOHEUHUKAMMU.

Pe3yanaTb| ncnenoBaHus

ComocraBieHre pe3yJabTaTOB dKCIEPUMEHTA U
pacuera pacIpe/eeHns HATPAKEHHOCTH MArHUTHO-
T'0 TI0JIS Ha cepeJrHe MeKIIOTI0CHOTO 3a30pa 10 OCH I
moKasaHo Ha puc. b [17-20].
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Fig. 4.  Pattern of magnetic field (a, c) and distribution of module a

SRCHepI/IMeHTaJILHI:Ie SHAUEHUA HAIPAXKEHHOCTH
MArHuTHOT'O IIOJIA B PACUYETHBIX TOUKaX OIIpeneJsd-
JIUCH TI0 3HAYEHUAM MATHUTHON WHAYKIIUN, U3MEPEeH-

nd components of the field vector (b, d) along a straight line

HBEIM MUJLIHTecaaMeTrpoM 1o (opmyne H=B/pu,
[21-23]. Ha rpadure (puc. 5) HabmogaeTcsa XxopoIiee
cOJKeHNe 9KCIePUMEHTANbHOM KPUBOM I ¢ pacyer-

N Hx103 2
50 - - - - -
\ 1 - 3KCHEPHMEHTAILHAA KPHEAR
\ 2 - pacyer MarauTHOro no.as B nakere ELCUT 6.0
& \ 3 - apaguTHYecKHH PACUeT HANPAREHHOCTH noaa H
2 40 A
S \
s | W\ Lt
E 30 ,f\_
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PaccTossHHE 70 pac-;ernoﬁ TOYKH A Ha CEpEeIHHE MEXRMOTHCHOTO 3a30pa

Puc. 5. KomnnekcHbIvi NoAXoa K UCCreqoBaHNI0 MarHUTHOO Moss Ha CepearHe MEXMOMIOCHOro 3a30pa BAOMbL OCU Y
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HOM KPHBOH 2, IIOCTPOEHHOM C MCI0Jb30BAHNEM IIaKe-
ta Elcut 6.0, ocoberno B obacTu, rie MarHATHOE I10-
Jie IMeeT Pe3KY0 HEOJHOPOLHOCTb. AHATUTHUECKUH
MeTOoJl pacuera HATPSKEHHOCTH MATHUTHOTO MOJIS
(xpuBas 3) B 9T0I 06;1aCTH LMEET 00JIbIIEE PACXOKIe-
HHe C 9KCIePUMEHTOM.

Ilns BRIACHEHWS BIUSHUS 9TOTO PACXOKICHUA HA
MATHUTHYIO CUIY 9JeKTPOMArHUTA AlIPOKCUMUPYEM
KpuBble I u 3, 3amaHHbBIe TAOJUUYHO, KYOUUECKUM
cmaiinom B makere Matlab [24, 25]. [lng ky6uuecko-
ro cIIaiiHa (PYHKIMUN UCIOJb3YeM MPOIeAyPY BBIUM-
CJIEHIS MarHUTHOM cuJibl I0 (popmyse (3). Pesyibra-
TBI pacueTa MarHUTHOHN CUJIBI 9JIEKTPOMATHUTA Ha Cce-
peiiHe MEXKIIOMIOCHOT0 3a30pa II0 OCH YIIOKA3aHbI Ha
puc. 6.

Anan3 mOCTPOEHHBIX KPUBBIX HA PHUCYHKE IIOKa-
3BIBAET, UTO B 00JIACTY PE3KOU HEOJHOPOAHOCTH Mar-
HUTHOTO II0JIS MAarHUTHAS CHJIA 3JIEKTPOMATHUTA JI0-
cTuTaeT MakcuMyMa. [Ipuuyem sKcrIepuMeHTaIbHAST U
pacueTHas KPUBhIE B 9TOI 06JIaCTH CYIIECTBEHHO pac-
XOIATCAMEKIY €000, UTO CBUIETEILCTBYET O BO3-
MOKHOCTH MCIIOJNb30BAHUS aHATUTHUECKOTO METOfA
Ha TIPeJBAPUTENHHON CTAAUU TIPOEKTUPOBAHUAIIECK-
TpOMaruuTa. [Ipy BBIIOJTHEHHY ONTHMHUBAIMOHHBIX
PacYeToB ero KOHCTPYKIINY Heo0X0ANMO OCHOBBIBATh-
cs HA PesyJbTaTaxX YMCJIEHHOr0 pacueTa MarHUTHOTO
110151, BBIIOJIHEHHOTO ¢ IIOMOIIbI0 makera Elcut 6.0
(mpodeccnoHaNbHAS BEPCHA).

C yBesqmueHMEM PACCTOSHUSA OT TOBEPXHOCTH Mar-
HUTHOH CHCTEMBI 3JeKTPOMArHWUTA HAIPIKEHHOCTH
MaTHUTHOTO MOJIA (TaKiKe MarHUTHASI MHIYKIMA) 3a-
TyXaeT [0 YKCIOHEHTE, OMHAKO 9TOT 3aKOH B 00/1aCTH
PE3KOI HEOJHOPOJHOCTY MATHUTHOTO IOJA Ha cepe-
IVHe Me;KIIOJI0CHOTO 3a30Pa, I/ie MAaTHUTHAS CILIA J[0-

Magnetic force of the electromagnet in the magnetic field sharp inhomogeneity range

CTUTAeT MAKCUMAJIbHOTO 3HAYEHM S, HE BBHITIOJIHACTCS.
IKcrepuMeHTATbHAS KPUBAsA MATHUTHON WHIYKIIUA
BIOJIb OCH y U SKCIIOHEHIHANBHBIN TPeH T QYHKIUH,
mocTpoeHHIH B makete Excel [24], B aToit o6macTu cy-
IIIECTBEHHO OTJIMYAIOTCA.
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CTOAIHWA OT [10BEPXHOCTN MarHUTHOW CUCTEMBbI

Fig. 7.  Attenuation of magnetic induction with increase of dis-

tance from magnetic system surface

BbiBogbI

IKCIepMEeHTAIbHBIM U PACUETHBIM MyTeM Ha 0C-
HOBE WCCJIENOBAHUA MATHUTHOTO IOJIA 3JIEKTPO-
MAarHuTa ¢ PACIIelIEHHBIMY TOJIOCAMY U II0JII0-
CHBIMY HAKOHEUHWKAMH MIOKA3aHOo, 4TO B 00J1aCTH
MEJKIIOJIOCHOTO 3a30pa C Pe3KOIl HeoJHOPOIHO-
CTHI0 MaTHUTHOTO IOJIA HaOJII0JaeTcsa MaKCHMyM
MATHUTHO CHJIBI.

YucieHHasg MOJEIb MATHUTHOTO IOJA 3JIEKTDPO-
MarHura, moctpoenHas B makere Elcut 6.0 (mpo-
(heccroHaIbHAS BEPCHs), HanboJiee TOUHO OIKCHI-
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BaeT pacupejeeHre MArHUTHOIO HOJIA B MEKIIO-
JIFOCHOM 3a30p€ H II0J] IOJFOCHBIMY HAKOHEUHIKA-
Mmu. B obmacTu ¢ peskoit HEOZHOPOAHOCTHIO 3aTy-
XaHMe MATHUTHOTO 01 IPOUCXOAUT HE II0 9KCIIO-
HEeHI[MAJbHOMY 3aKOHY.

. 3ajjaua ONTUMAJIBHOTO TPOEKTUPOBAHMUS HJIEKTPO-

MariuTa C paciiellJIeHHbBIMHN IIOJIOCaMM M IIOJIIO-
CHBIMU HAKOHEUHUKAMU MOKET OBITh perreHa Ha
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EXPERIMENTAL INVESTIGATION AND CALCULATION OF MAGNETIC FIELD OF DC ELECTROMAGNET
WITH SPLIT POLES AND POLE PIECES IN THE SOFTWARE COMPLEX ELCUT
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The relevance of research. Iron separator devices based on the DC electromagnets are widely spread in many industries: ore-treatment
plants, coal thermal power plants, coking plants, for equipment protection from mechanical damage, as well as from final product clog-
ged with outsider objects, separation is based on ferromagnetic properties of these objects. Among the magnetic systems of permanent
magnets with magnetic pole pieces the valve system is the most common and therefore the well-studied, as it is widely used in the dri-
ves of electromagnetic switching devices, automation and control devices. However, even in the synthesis of a solenoid magnet system
the developers have the problem of determining the proportion of the magnetic flux by the pole piece in the working gap. Solution of
the problem is even more complicated in the absence of a rotary anchor in DC electromagnet, since the magnetic field in the pole gap is
dramatically uneven, fading with the distance of the point from the plane of the poles. Such distribution of the magnetic field takes pla-
ce in special DC electromagnets — suspended iron separators, which are used to extract the ferromagnetic items from various bulk ma-
terials transported by belt conveyors.

The aim of research. The paper considers an integrated approach to the study of magnetic field of DC electromagnet with split poles
and pole pieces, characterized by the study of the sharp inhomogeneity of the magnetic field in the pole gap and beyond.

Methods of research. The study was carried out using a laboratory designed electromagnet using software Elcut 6.0.The approach is
based on comparing the results of an experimental study of magnetic field and magnetic force for the prototype electromagnetic iron
separator with a digital milliteslametra with the Hall sensor, a numerical calculation of the magnetic field in the complex programs El-
cut 6.0 and analytical calculation of the magnetic field.

The results of experimental research of the magnetic field in a prototype electromagnet using digital milliteslameter with the Hall sen-
sor were supplemented by the results of analytical and numerical calculation of magnetic fields made in the software complex Elcut 6.0
(professional version).The reliability of the presented results of the experiment and the calculation is confirmed by checking the Ampe-
re law in a closed circuit. Analyzing the attenuation of the magnetic field of the electromagnet in the middle of the pole gap as the di-
stance of the investigated point from the pole pieces the authors determined the optimal distance between the pole pieces at which the
specific ponderomotive force of the magnetic field reaches the maximum value.

Key words:
DC electromagnet, pole gap, pole pieces, split poles, verification of Ampere law, magnetic field attenuation, ponderomotive force.
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