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Busnaueni kpumepii onmumizayii enekmpomaznimie Kepysanna MazHimMHUM nojaem no Maci ma CROMCUGAHII NOMYHCHOCMI npu
3a0aHOMY MAKCUMATIBHOMY 2a0APUMHOMY PO3MIDI. 3aNPONOHOBAHO CXeMy PO3DAXYHKY eeKMmpOMAZHIMI6 3 HAKOHeYHUKamU,
AKA MOHCE OYMU 63MA 30 OCHOBY Y IHHCEHEPHUX MEMOOUKAX IX POPAXYHKY

Onpet)eﬂeubt Kpumepuu onmumuzayuu 31eKmpoMaZHumos ynpasileHus MaZHumHbIM nojiem no macce u nompe6ﬂ}lejn0ﬁ Mmouq-
HocCmu npu 3A0AHHOM MAKCUMATbHOM za6apumHOM pasmepe. Hpedﬂomena cxema pacuema 3J1€KmpomacHuUmoOe ¢ HAKOHe4YHu-
Kamu, komopas morcem Oblmb NO0ICEHA 8 OCHO8Y UHJICeHEPHbIX MemoouK ux paciema.

BBEJIEHUE

IIpu pa3paboTke HIIEKTPOMArHUTOB YIHPABICHHS
MArduTHBIM IIOJIEM BO3HHUKACT 3aJa4ya I10 MUHHUMMHU3AIIUN
€ro MacChl W PHEPreTHUYCCKHUX IOKa3aTeleH, IUIs 3ajaH-
HOM BEJIHMYMHBI €0 MArHUTHOIO MOMEHTA. PeleHue 3Toi
3a/la4ud BENETCS B OCHOBHOM IO IYTH COBEPIICHCTBOBA-
HUS KJIACCHYECKON KOHCTPYKIIUH JICKTPOMarauTa — Qep-
POMAarHUTHBI CEpIEYHUK IMIMHIPUIECKOH (QOPMBEI C
HaMarHu4uBaromed oOMoTkoi. Tak, momoimHeHHe cep-
JEYHUKA MArHUTHOM CHCTEMBI IBYMSI HAaKOHEYHUKAMHU
[1-3] mo3BONMMIIO CHHU3UTH MAacCy 3JIEKTPOMAarHWTOB IIO
CPaBHEHHIO C TPATUITMOHHBIMH MAarHUTHBIMH CHCTEMaMH
— CepIeYHHUK IMIUHIpuYeckoi (opmbr. OmHako cxema
pacueTa 3JIEKTPOMArHUTOB C TaKUM IOCTPOCHHEM Mar-
HUTHBIX CHUCTEM JI0 HACTOSIIETO BPEMEHHU OCTaeTCs He-
JIOCTATOYHO MpOopabOTaHHONW HAa HMHXCHEPHOM YPOBHE.
Oro He mo3BONACT JPQPEKTHBHO HCIOIH30BATH BCE
AMEIOIKECS B KOHCTPYKUUH pPE3epBbl MHHUMH3AINH
VACNBHBIX IOKa3aTelNeil Mo Macce M YHEePTOMOTPEOICHHUIO
MIPOEKTHUPYEMBIX dJICKTPOMArHUTOB.

Iens paboThI - co3maHUE CXEM pacyeTa JJIEKTPO-
MarHUTOB ¢ HAKOHEYHUKaMH, U OTpe/elieHue KPUTEPUEB
ONTUMH3AINY 3JIEKTPOMArHUTOB YIPABICHUS MAarHUT-
HBIM II0JIEM II0 Macce M MOTpeOIsIeMON MOLIHOCTH MpPU
3aJJaHHOM MaKCHMaJIbHOM IabapuTHOM pa3Mmepe.

OIITUMU3ALIA ITAPAMETPOB
OJIEKTPOMATHUTA
Ba3oBast KOHCTPYKLUS SIEKTPOMArHuTa yIpaBiIeHHUs
MarHUTHBIM II0JIEM TIPUBEJCHA HA pHC. 1.

Hamarnuuusatomas
00MOTKa

\ L,

Cepneunuk HakoHeuHuk

Puc. 1. 'eomeTprueckue pa3Mepsl AJIEKTPOMarHuTa

OHnHa BKITIOYaeT B ce0s CepICYHIK U TBA MATHUTHBIX
HaKOHe4YHHKa. [locpeacTBOM HaMarHWYMBAIOMIEH 0OMOT-

KU, CEPACYHUK HaAMAarHM4MBaAcCTCA IPAKTUYCCKU OO0 Ha-
ChIICHUA W OINpPCACIIACT MarHUTHBIA MOMEHT 3JICKTPO-
MarHuTa. C y4eToM OTpaHHYEeHUH IO MaKCHMAaJIbHOMY
rabapUTHOMY pa3Mepy ONTHMH3ALUs MapaMeTpoB 3JICK-
TPOMAarHUTOB 3aKIFOYACTCS:

—B BHIOOpE MUHHMMAJIBHOTO JWaMeTpa CeplaedHHKa
d., TOCTaTOYHOTO ISl CO3J[aHUsI HEOOXOIMMOM BETHIHHBI
MarHUTHOTO MOMEHTa. IIpu 3TOM BeIWYHMHA 3TOTO aWa-
METpa 3aBHCHUT, KaK OT 33aHHOI BEIWYWHBI MAaTHUTHOTO
MOMEHTa JIEKTPOMAarHUTa, TaK U OT MAarHUTHBIX Xapak-
TEPUCTHK (KpHUBasi HaMarHMYEHHOCTH) MaTepuana cep-
neunuka. [lo cymiecTBy Bec cepledHHMKa NpPU 3aJJaHHOM
MarHUTHOM MOMEHTe M OyneT HampsMyIO 3aBHCETh OT
Bbl60pa €ro HOMHUHAJIbHOM HaMaron4yC€HHOCTH,

— B BBIOOpE NTapaMeTpOB HaMarHWYHBAIOIIEH 0OMOT-
KA UCXOJsl M3 €€ JOCTaTOYHOCTH JUIS HaMarHWYWBaHMS
MPAaKTHYECKN 10 HACBHILIEHUs CEpCYHHKA U COXPAaHEHMS
IIpH 3TOM ONU3KOH K IpeAenbHOH (3aAaHHON) IIOTHOCTH
ToKa. [IJTOTHOCTH TOKA IO CYIIECTBY ONpENENsIeT Bec 00-
MOTKH. YeM BbIIIE IJIOTHOCTH TOKa B OOMOTKE, TEM
MEHBIIIE €€ BEC NP 3aJaHHOM YHCJIE aMIIep-BUTKOB A W.

C y4eTom 3TOro, JanbHEHIINil pacyeT W aHalIHu3 OC-
HOBHBIX I1apaMETPOB 3JICKTPOMArHUTa IPOBOJIUTCS HC-
KIIFOYUTEJIbHO € NO3MIUKU MUHHUMHU3AlluH, BO-TIICPBLIX, €TO
Macchl, M yXKe, BO-BTOPBIX, IIOTPEOIIIEMOI MOLIIHOCTH.

B [4] noka3aHo, 4TO AN JUIMHHBIX CEPACYHHUKOB
L/d > 10, BKi1ag MarHUTHOTO MOMEHTa, 00YyCJIOBJIEHHOTO
HAMarHUYEHHOCTBIO CEpJEYHUKa COCTaBiseT 95-97% ot
BEJIMYNHBI MarHUTHOTO MOMEHTA 3JIEKTPOMAarHuTa B Iie-
J0M. DTO TO3BOJISIET MAarHUTHBIA MOMEHT M 3JeKTpomar-
HHUTA B [IEPBOM NPHOJIMIKEHUN pacCMaTpHUBaTh Kak:

M=~M. (1)

Benmunua marauTHOTO MOMeHTa M, deppomar-
HUTHOT'O CE€pACYHUKA ONPEACIACTCA M3BCCTHBIM COOTHO-
HIEHUEM:

My=J.-V 2)
rae J. - BEeKTOp CpeJHel HAMAarHHYCHHOCTH MO 00BheMy

cepeuHuKa; V, - 00beM cepieuHuKa, paBHBII

n-d?
4C A . ?3)

CootHomenus (2) u (3) siBisieTcss 6a30BBIM IS OTI-
peliesieHns MUHAMAabHOTO 00beMa cepeYHrKa (uaMeT-

V:
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pa d. ) HeOOXOAUMOTO IS CO3/IaHUSI MATHUTHOTO MOMEH-
Ta. B3anMOCBsI3b MeX/1y TUaMeTpoM d, 1 HaMarHU4eHHO-
cThi0 J,, ¢ yuerom (2), (3) ompenenseTcs Kak:

4-M,
Jo(dg)=——52. @)
n-dg -l

3aBucuMocTs J.(d.) TO3BOIAET ONpPENeIUTh MUHH-
MaJbHBIH JIUAMETp CepACYHHKAa TpH (HUKCHPOBAHHOMN
JUIMHE CEpIeYHHKAa W 33/JJaHHOW BEIMYMHE MAarHUTHOTO
MOMEHTa C y4€TOM MAarHWTHBIX XapaKTEPUCTHK (KPHBAas
HaMarHM4eHHOCTH) MaTepHaja CepIeyHMKa.

MarHuTHOE COCTOSHUE CEpACYHHMKA ONpEACIseTCs
Pa3HOCTHIO IBYX MarHUTHBIX TOJIEH: HaMaroiu4ymBarouiero
MarHuTHOTO TOJIA, HAPSKEHHOCTh M KOTOpOro onpeje-
JIeTCS HAMAarHHYMBAIOIIECH OOMOTKOH W pa3MarHU4u-
BAOIET0 MarHUTHOTO Nouis £, KOTopoe OyleT NPOTUBO-
JIeCTBOBATh HAMAarHMYUBAIOIIEMY TIOJIO (H,) OOMOTKH.

[Ipu 3TOM BeNMYMHA HaMarHUYMBAKOIIErO Mo Hy
O0OMOTKH BIOJb €€ OCH ONPEACISIeTCS YHUCIOM €€ amIiep-
BUTKOB A W 0OMOTKH:

H ~AW/L, , %)
a BeMYMHA Pa3MarHM4MBAIOLIEro mojs /{, — KOHCTPYK-
yen ceplievHHKa.

C yderoM S5TOro, UCTWHHAS HAIMPSDKEHHOCTH Mar-
HUTHOTO T0JIsI H BHYTPH cepieuHrKa OyIeT paBHA pa3HO-
CTH HAMarHMYWBAIOMIETO W pPa3MarHWYMBAOIIETO Mar-
HUTHBIX TIOJIEH [5]:

H=H-H,. (6)

Bennunna pasMarHMYMBAOIEro Mo ff, MOXeT
OBITH OmpeesieHa OJJHO3HAYHO TOJIBKO U1t OJTHOPOJIHOTO
H30TPOITHOTO 3JUIMIICOUJA TOMELIEHHOTO B OZHOPOJIHOE
MarHutHoe rojie. CooTHomeHue (6) Ui Takoro ciydas
OyZer UMeTh BUIL:

H=H.,-N-J, @)
rae N -kodpuIreHT pa3MarHHYuBaHus, BEIMYNHA KOTO-
POTO 3aBHCHUT JIMIIbL OT COOTHOILEHHUSI OCEH AIIIMIICOU/IOB;
J — HaMarHM4YeHHOCTb, OIIPEIEISIETCS U3 KPUBOM Hamar-
HUYUBAHUS MaTepHalla CepeyHHKa.

CoorHomenne (7) B TPOCTOH MaTeMaTHYECKOH
(opMe yBsI3bIBaCT MarHUTHBIE ITapameTpsl (J) cepaeuHu-
Ka, ero pasmepsl (N) ¢ xXapaKTepUCTHKaMHU HaMarHHYH-
BalOIIel 0OMOTKH, 8 IMEHHO C YHCJIOM €€ aMIlep-BUTKOB
AW. D10 cooTHONIEHHE SBIsETCS 0Aa30BBIM IJIsi BBIOOpa
MpeAenbHON BeTMIUHBI AW HEOOXOAUMON ISl TIPEIeITb-
HOTO HAaMarHMYMBAHUS CEPACYHUKOB SJUTUIICOMIATBHOM
¢dopmbl. CepAeUHUKN HUIHHIAPUICCKON (OPMBI, B OTIIH-
YUC OT JJUIUIICOUAATIbHBIX, HAMAarHM4nuBarOTCsA HEPaBHO-
MepHo. CrnenoBaTebHO, A KaXIOW TOYKU IMIMHAPH-
YEeCKOT0 CepAeUHUKa CIIPaBeAuBO cBoe ypaBHeHue (7).
Koadunment pazmaranuanBanus N B 3TOM ciIydae 3aBH-
CHT HE TOJILKO OT ()OpPMBI CEep/eYHHKA, KaK B CiIydae C
JIMIICOMIOM, HO M SBJSIETCS] (DYHKIMEH KOOpIMHAT Cep-
negnuka. UtoOsl TpUMEHUTH ypaBHeHHe (7) A pacdera
CEpICYHNKOB IIMIMHIPHYECKOH (GOPMBI BBOAAT YCpea-
HEHHBIE 0 JuInHe (00BeMy) cepAeuHuKa mapameTpsl H, J
u N. OCHOBBIBasICH Ha NMPHHLIUIAX TAKOTO YCPEIHEHHS B
[4] 6BL10 TpeIOKEHO pacdyeTHOe cooTHOIIeHUe Tuma (7)
JUIS CePICYHMKOB IMIIMHAPHYECKOH (popmblr. B atom co-
OTHOIICHUH YBS3aHBI MEXay coOol ammep-BUTKU AW,
ONpeeAoNINe HaNpPsSKEHHOCTh H, HaMarHW4YMBaroUIei
00MOTKH, KO3(PHUIIUEHT pa3MarHHYMBaHUsI CEpIeUHIKA U

BEJIMYMHA €r0 CpelHEeld HAMAarHU4E€HHOCTH J, 10 BCEMY
o0Bemy:

1
‘]C :m'[Nu'LZ'FHK'Fb—

(®)
—\/(Nu~a+HK+b)2—4-NH-HK-a},

rae a, b - mocrostHHbIe KO(M(QHUIIMEHTHI 3aBUCIT OT MaTe-
puana cepiaednnka (s mepmamios SOH: a=1.25%10°,
b=40 A/m), N, - ueHTpaJbHbI{ (B IEHTPAIILHOM TIOTIEpeY-
HOM CEUYEHHH CTEPXKHS) KOdPUIMEHT pa3MarHUUMBaHUS:
/ -1.7
N, =093 = . C)
C

3aBucuMocTb (9) yKasblBaeT Ha TO, YTO IIPU BbIOOpE
pa3sMepoB CeplieuHHKa HEOOXOANMO CTPEMHUTCS K YBEIH-
YEHUIO COOTHOLICHUSI MEXIy €ro JJIMHOW W JANaMETPOM.
B ciyuae, xorga JuimMHa cepleuyHHMKA JKECTKO OTrOBOpEHa,
HEOOXOAMMO CTPEMHUTCS K MHHUMM3AIMHM JAWaMeTpa
CTepKHA d, KaK U3 COOOpaXKEHUI CHIKEHUS MaccChl cep-
JICYHMKA, TaK U M3 COOOpaKeHMH MUHHMMH3ALUH Mapa-
METpOB OOMOTKH, a TOYHEE €€ YHCIa aMIIeP-BHTKOB He-
00XOIUMBIX AJISI HAMArHWYMBAHUS CEPACUYHUKA JI0 MPE-
HacklleHHoro coctosinus. CooTHoieHue (8) ¢ ydeTom
(2) nerxo mpeoOpa3zyercst K BUIY, YBSI3bIBAIOIIEMY BEJIH-
YMHY MarHuTHOro MOMEHTA JJICKTpOMarHuTra ¢ mnapameT-
paMu ero MarHWTHOM CHUCTEMBl M HaMarHWYWBarolen

0OMOTKH:

-17
My =—— < 0'93(:76] a+AW/L +b—
: c

(10)

2
! -1.7 I -1.7
- 0.93~[d—°j a+ AW/L +b —4~0.93[07°‘J a-AW/L,

C C

OTO COOTHOIIEHHE SBISIETCS 0A30BBIM VIS PACUETOB
IapaMeTpoB MIWIMHIPUYIECKUX CepACYHMKOB. EcTecTBeH-
HO, YTO OHO HE YYMTHIBACT JCHCTBHE HAKOHEYHHKOB Ha
CpEIHIOI HAMAarHUYEHHOCTH J, CTEpHS MarHUTHOM CHUC-
TeMbl 3j1eKTpoMarauta. Ha puc. 2 mpuBeneHa pacueTHas
3aBucUMOCTh (10) BeTMUMHBI MaTHUTHOTO MOMEHTA 3JIeK-
TpomaruuTa (06e3 HaKOHEYHHUKOB) OT YMCJIa aMIIEP-BUTKOB
HaMarHu4uBamoomeid oomMoTku. Pacyer mpoBomwics mpu
d.=9 MM u [, =165 mm.

1

10

e

M (A1)

600 800 junn) 1200 1400 1a00
AMIER-BHTKH

—— Ge3 HaKoHEYHHKA
..... C HAKOHEYHHEO M

Puc. 2

YcTaHOBKAa HAKOHEUHHKOB Ha TOpLAX CEepACYHHMKA
IIPUBOAUT K BBIPABHHBAHUIO HEPAaBHOMEPHOCTH HaMarHu-
YEHHOCTU CTEp)KHS IO AJUHE, YTO B KOHEUHOM HUTOre
YBEJINYMBAET, KaK CPEIHIOI HAMarHU4EeHHOCTh CepJed-
HHUKa [UIMHAPHYECKOH (OPMBI, TaK M BEIHMYHHY CO3.a-
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BAaeMOI'0 HUM MarHUTHOTO MOMeHTa M.

AHanuTHYeCKHe U SKCIIEPUMEHTabHBIC HCCIIEeN0Ba-
HU, TIPOBEJICHHBIE B paMKax HacTosIeH padoThl, yKa3bl-
BAaKOT HaA TO, 4YTO HeﬂCTBMe HaKOHEYHUKOB MOKHO UHTEP-
MpEeTUPOBATH KAaK YBCJIMYCHUC IJIUHBI CTCPKHSA Ha BCIIU-
YUHY BBICTYNAIOMMX YacTeil HakoHeuHWka. CyTh 3TOMU
MHTEpIIpEeTallik  HArJsHO TNPOMUIIOCTPUPOBaHAa  Ha
puc. 3, a ee IpaBOMEPHOCT OOOCHOBaHA PSJIOM IPOBE-
JCHHBIX 3KCIEPUMEHTAIBHBIX HCCICIOBAHUMA ISl HAKO-
HEYHUKOB C JAWAMETPOM HAMHOTO MEHBLIC IJIMHBI Cep-
neunnka (I/h,>10).

L

hy i

L+2h,

Puc. 3.

Takast uHTEpHpeTalUs ACHUCTBUS HAaKOHEUHHUKOB Ha
MarHUTHOE COCTOSIHUE€ MArHUTHOM CHCTEMBI IO3BOJISET
cootHomreHne (9) s weHtpanbHOro KoadduimeHra

pasMarnn4vMBaHusd Ng CCpACUHMKAa € HAaKOHCYHHUKaMU

MpCACTaBUTH KaK:
-1.7
lo+2-hy

N¥ =093 (11)

C
JlaHHOE COOTHOIIICHHE YKa3bIBaCT HA TO, YTO YBEIIHU-
YCHHE JHaMEeTPpa HAKOHCYHHWKOB INPHUBOIWT K YMEHbIIIE-
HUIO KO3 HIMEHTa pa3MarHU4uBaHusI, a CICIOBATEIIEHO
Y K CHIDKCHHIO YHCJIa aMIep-BUTKOB HAMAarHHYHBAFOIICH
0OMOTKH.
Takxum obpazom, coorHomenue (10) miss MarHUTHO-

ro momenta M " 3jeKTpOMAarHuTa ¢ HAKOHEUHHKAMH C
yaeroM (11) mpumer Bux:

Lot 2hy n-d? -1,
-1.7
o gl 2y
C
-1.7
003 L2k | oy awir v
C
12
lo+2, ) >
—110.93- % a+AW/LK+b -
C
0,5
-1.7 >
I, +2-h
—4.093 <=L

C

OTo ypaBHEHHE sBIsieTCs 0A30BBIM ISl ONpejielie-
HUS HEOOXOANMOTO YKCIIa aMIIeP-BUTKOB, IPH 3aJIaHHBIX
rmapaMeTpax HaMarHWIHUBAOIIeH 0OMOTKH (L) 1 Maraur-
HOW CHCTEMBI 3JICKTPOMAarHnTa, a UMEHHO auamerpa (d,)
u JumHbl (/) ee cepledyHmKa, a Takxke pasmepa (h,) ee
HAKOHEYHHKOB.

[Ipu sToM peup uaer o6 ammep-BUTKaxX OOMOTKH,
YHCJIO KOTOPBIX SIBUWIOCH OBl JIOCTaTOYHBIM Ul o0Oecre-

YEHUsl CpeIHeM HaMarHW4YeHHOCTH cepiedyHuka. MiMeHHo
Ha 3Ty BEIMYMHY HaMarHUYEHHOCTH, KaK IPEIeNIbHYIO,
ClIelyeT OPUEHTHPOBATHCS TPH NMPAKTUUECKUX pacyerax.
Hpe[leﬂ])HOFO 3HAYCHUA HaMarHMm4€HHOCTH B CCPACYHU-
KaxX LWIMHIPUYECKOH (POPMBI JOCTUYD MPAKTHYECKU He-
BO3MOJXKHO 0€3 NepeHachIeHNs ero eHTPaIbHON YacTH.
B cBo10 ouepenp Takoe NepeHaChIeHne IPUBEIET K yBe-
JUYCHUIO aMIIeP-BUTKOB HAMAarHUYUBAIOIICH OOMOTKH, a
CJIEIOBATEIFHO W K YBEIHYCHHIO €€ MaccorabapUTHBIX
MOKa3aTeyiei.

Ha puc. 2 npencraBneHa pacueTHash 3aBHUCHMOCTb
BEJIMYMHBI MarHUTHOTO MOMeHTa M orT uucna AW nns
JJIEKTPOMArHuTa ¢ guameTrpoM (d.=9 MMm), JUTMHHOHN cep-
neunuka ([=165 MM) W mnapamMeTpoM HaKOHEYHHKOB
(hy=4,5Mm) ompenensiemast cootHorienuem (12). Veenu-
YeHUE JUIMHBI CepAcYHMKa Ha BenuuuHy 2(/,/2) oOoCHO-
BEIBACTCS TEM, YTO YCTAHOBKA HAKOHEYHUKA BILUIOTHYIO K
CepACYHUKY, TIPHUBOJUT IO CYIIECTBY K YBEJIHMUYECHHUIO €TI0
JunHbl. ComocTaBiieHre 3aBUCHMOCTEH Ha pHC. 2 Hars-
HO TIOKa3bIBACT, YTO YCTAHOBKA HAKOHEYHUKOB IPHUBOUT
K CHIKCHHIO HEOOXOAMMOTO YHCIIa aMIIepP-BHTKOB Ha-
MarHUYHBAONICH OOMOTKH TpPU CO3[aHUH OJMHAKOBOTO
MarHUTHOTO MOMEHTa. B aHHOM cilydae 3TO CHIDKEHHE
cocraBisieT BenmuuHy mopsnaka 20%. CHmKeHHe dmcia
aMIep-BUTKOB HANPSAMYIO CHIDKAeT M MacCy HaMarHWYH-
Baroleil oOMoTku snekrpomaruuta. [IpoBeneHHble pac-
YeThl elle pa3 yKa3bIBaloT Ha 3(P(EeKTHBHOCTh HCIOJIB30-
BaHWd HAKOHCYHUKOB B MArHUTHBIX CUCTEMaX OJICKTPO-
MarHUTOB.

Kak 0pUT0 yKa3aHO paHee, IEPBBIM M HEOOXOIUMBIM
YCIIOBHEM MUHUMH3AIHUU MAacChl €r0 HaMarHHYHBAFOIICH
00OMOTKH sBIIACTCS 00ECIeUYeHHEe MAaKCHMAIBHO BO3MOXK-
HOW IUIOTHOCTH ToKa. COOTHOIIEHWE, YBS3BIBAIOIICE
IUIOTHOCTh TOKA j NPU 3aJaHHOW BEIWYHHE IHUTAIOIIETO
Hanpspkenus U, ¢ mapamerpam (/yp, Spp — COOTBETCTBEH-
HO, JUIMHA W CEeYeHHE TPOBOJIa) HAMATHUYIHMBAIOIIEH 00-
MOTKHU NPEACTABJISACTCA B BUIC:

j= u U U
Sup 'R Snp P bp Pl
Sip
rlie P - YIEIbHOE CONPOTHBICHUE IPOBOJSILETO0 Mare-
pHaia, U3 KOTOpOro U3roTOBJIEeHa 0OMOTKA.

Kak cnenyer u3 coorHomenus (13), mioTHOCTh TOKa
00OMOTKH OJTHO3HAYHO OIIPENEIsIeT [UTHHY €€ TPOBOIa IIPH
3aJaHHOM HATPSDKCHUW TTHTAHS:

/ U
op — . .
Jp
3HaHue UTMHBI MPOBOJA OOMOTKH, MHHHUMAIEHOTO
d. 1 MakcUMalbHOTO D IHaMeTpOB HaMarHWYWBAaIOIIEH
0OMOTKH 3JIEKTPOMArHUTa MO3BOJISIET MMPAKTUIECKH OJTHO-
3HAYHO OMPECIUTh €€ ONTHMAIBHOE YHCIIO BUTKOB W

lup B 2U

D+d,  p.i.p. ’ (15)

2% mj-p-(D+d)
2

C ydYeToM OJHO3HAYHOCTH OINPEIEICHHs JUIMHEI
MpoBoJia (YMCIIa BUTKOB) OOMOTKH IO KPUTEPHUIO TUIOTHO-
CTH B HeH TOKa, €IMHCTBEHHBIM IIapaMeTPOM, ITOCPEACT-
BOM KOTOPOT'0 BO3MOXKHO OCYILECTBISTH PEryIHpOBaHHE
guciia ammep-BUTKOB (AW) oOMOTKH, OCTaeTcsl cedeHue
Sup €€ NpoBoAa:

(13)

(14)

W=
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AW = 20U - Snp
mej-p-(D+dc)

ITpu 3TOM Macca m,; OOMOTKU C YY4ETOM COOTHOIIIE-

Hus (13) OyneT onpenensaThes Kak:

U Sy

pJ

rie o, — YACTbHBIN BeC MeIu.
MomrHOoCTh moTpedasiemMas 0OMOTKOM Tpu 3TOM Oy-

JICT paBHA:

(16)

L, (17)

Mog = 8M

P:j'Snp'U: (18)

Cootnomenust (16—18) sABISOTCS MCXOAHBIMU IS
BbIOOpa MapaMeTpoB OOMOTKH. BennuwHa ceyeHus mpo-
BOJA Sy, M yHAeNbHas MIOTHOCTh TOKA j MrParoT B HUX
KIIOYEBYIO poiib. K WX mpaBUIIBHOMY BBIOOPY CBOJWTCS
pelieHue 3aJayil ONTHUMH3AIUN HAMarHHMYUBAIOIICH 00-
MOTKHU.

B nomnosHeHHE K yKa3aHHBIM MapamMeTpaM ONTHMHU-
3alii HAMArHUYUBAIOLICH OOMOTKM CIEIyeT OTHECTH U
IUIOTHOCTh YKJIQJIKA €€ MPOBO/Ia B OKHE MarHUTHOW CHC-
TEMBI JJICKTPOMArHuTa. BenuunHa 3TOr0 OKHAa HMEET
IUI0IIAAE S, PAaBHYIO:

D—-d, I

S= (19)

B yka3zaHHOE OKHO IOJDKEH Pa3MECTUTHCS MPOBOJ
oOMoTKH TipH K03(pPHIIeHTE 3aTIOTHEHNUS ks, T.€. JOIDKHO
BBINOJTHSTHCS yCIOBHE:

2U'Snp < D—dc
njop-(D+de) T 2

W3 npuBeneHHBIX BBIKIAIOK CIEAYET, YTO: JUIA
obecrieyeHnss MUHUMYMa Macchl HaMarHUYHBAIOLIeH 00-
MOTKH (IIpY 33/laHHOM YHCJIE €€ aMIIEP-BUTKOB) CIIEAYET
CTPEMUTHCS K YBEIMUCHUIO YAEIBbHON IJIOTHOCTH TOKA j;
CHIDKEHHE MOILTHOCTH, TIOTPeOIIsieMoil 0OMOTKOM, TpebyeT
CHI)KEHHE IJIOTHOCTH TOKA, T.€. YBEJIIMUEHUSI MacChl 00-
MOTKH.

B Tabn. 1, nmpuBeseHbl BapuaHThI BBITIOJIHEHUS Ha-
MarHM4YMBaoneil 0OMOTKHU 3JIEKTPOMArHUTOB C d. = 9 MM,
paccuMTaHHBIE 0 TPHUBEICHHBIM BBIIIE COOTHOILCHHUSM,
obecrieunBaoNIe NPy 3TOM BEJIIMUYMHBI MarHUTHOTO MO-
MeHTa 3J1eKTpoMarauta — M = 10 Am”

(20)

Tabmmma 1
Yucino IInot- Jua- Macca Macca IMoTped-
BUTKOB HOCTh METp cepped- 06- nsiemast
TOKa, IPOBO- HHKa, MOTKH, MOIII-
A/Mm2 na, rpamMm rpamMm HOCTb,
MM Br
10000 4,3 0,19 102 85 32
12800 2,8 0,2 102 178 2,2
13590 2,7 0,2 102 148 2,3
13000 2,8 0,21 102 169 2,4

B xone BhIONHEHHUS HACTOsAIICH pabOTHl ObLIa M3ro-
TOBIIcHA ()U3UYECKas MOJETh ONTHMAIbHOTO BapHaHTa
AJIEKTPOMArHUTa W MPOBEICHHI €ro SKCICPUMEHTAIBHEIC
WCCIICIOBAHMS B YaCTH ONPEACICHUS 3aBUCHMOCTH €TO
MarHMTHOIO MOMEHTa OT TOKa / HaMarHWYMBAIOLIEH 00-
MOTKH. Pe3ynpTaThl SKCHEpPUMEHTAIBHBIX HCCIEIOBAHUHA
TpeACTaBIeHbI Ha pHC. 4.
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Puc. 4

Ha puc. 4 npuBeaeHsl Takxe pacueTHbIe 3aBUCHUMO-
CTH JUIsl ONTUMAJILHOTO BapHaHTa 3JeKTpoMaruura. [lpu
9TOM pacyeTHas BEJIMYMHA MAarHUTHOTO MOMEHTa OIpe-
JleIsIach Kak CyMMa MarHUTHBIX MOMEHTOB HaMarHUYH-
BafoIled O0OMOTKH Mys M cepaeuyHuka M, MarHUTHON
CHUCTEMHI dIleKTpoMarHuTa. COMoCcTaBIeHNE PACUCTHBIX H
SKCIEPUMEHTANBHBIX 3aBHCHMOCTEH pucC. 4 TOKa3bIBaeT
XOpollee COBMAaZCHUE BHLIOPAaHHOW pacYeTHON MOeIH
MIPH IPOEKTUPOBAHUH HIIEKTPOMATHUTOB C CEPACUYHIUKAMH
LWITMHIPUYECKOI (HOPMBI.

BBIBO/IbI
IIpennoxkena cxema pacueTa 3IEKTPOMArHUTOB C
HaKOHEYHHMKaMH, KOTOpas MOXKET OBITh ITOJIOKEHa B OC-
HOBY MHXKCHEPHBIX METOAMK UX pacyera.
OmnpeneneHbl KPUTEPUH ONTUMH3ALUHM PAa3MEPOB,
Macchl W TOTPEeOJIIEMOl MOIIHOCTH 3JIEKTPOMAarHUTOB
JUISL YIIPABJICHHUS! MArHUTHBIM TIOJIEM.
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