Memannypeus. Memannooopabomka. Mawunocmpoenue

VIK 621.793

PECYPCO- U DOHEPT'OCBEPEI'AIOIIAA TEXHOJIOI'USA
JEKTPOMATHUTHOM HATLJIABKH

MHPAHOBHUY A. B., 0ooxkmopa mexu. nayk, npogpeccopa MPOYEK 7K. A., KOKYPO JI. M.

Benopycckuii 2ocyoapcmeennulii acpapHulii mexHuieckuil yHugepcumen,
Benopycckuii nayuonanbHulii mexuuueckuil yHueepcumen

[IpakTrka sSKcrTyaTauun 3emieoOpadaThiBa-
IOIMX MAIllMH TIOKa3bIBaeT, YTO B Ka4ecTBE pabo-
YUX OPraHOB B OCHOBHOM HCIIOJIB3YIOT ILIOCKHE
netanu (PpacoHHBIC WU CIUIOIIHBIE TUCKH CEsUTOK
1 OOPOH, JIEMEXH U TIOJIEBBIE AVCKH TLTyTOB H [Ip.).
Jis mOBBIIIEHNsT U3HOCOCTOMKOCTH HMX padoune
MOBEPXHOCTH YMPOYHSIOT CIIOCOOaMU, MCIIONB3Y-
IONUMH BBICOKOMHTEHCHUBHBIE WCTOYHHWKH DHEP-
rud  (TUla3MeHHas, WHIYKIWOHHAs, Jia3epHas
HaIJIaBKU M 1p.). K HUM OTHOCHTCS M 3JIEKTpo-
MarauTHas HarwtaBka (OMH), mo3Bonstormias ycra-
HOBUTH TONMMIMHY MOKpbITUs 0,4—0,8 MM [1].

WseectHbl nBe cxembl OMH deppomnopoiika
Ha IUIOCKHE TOBEPXHOCTH JeTajedl mamuH [2].
IIpu ocyuiecTBIeHUM HAILIABKU 110 NIEPBOH CXEMeE
(puc. 1a) B pabouwmii 3a30p BBOIUTCS (hepporopo-
IIIOK B COCTaBEe CMa30YHO-OXJIKIAFOIICH KUIKO-
CTH, a 1O BTOpO# (puc. 160) — B cocTaBe IacThbl
(cMech DIOKCUIHONW CMOJBI U KHJKOTO CTEKIIA).
O0a BapuaHTa UMEIOT CBOM NMPEUMYIIECTBA U He-
nocratku. Hampumep, nmpuMeHeHHE IEpBOil cxe-
MBI TIPUBOJUT K YMEHBIICHHUIO KO3(h(HUIeHTa
ucnonb3oBanus ¢epponopoimka (0,70-0,78), Tak
KaK 3epHa IMOpOINKa IMPH HAHECEHUH IOKPBITHI
BbIOpackiBaloTCsl M3 paboueil 30HBI B pe3yibTare
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JeHCTBUS THAPOANHAMUYECKUX CHJI IIPU IEKTPHU-
yeckux paspsgax. llpm  3ToM  3HAUMTENBHO
YMEHBIIIAETCs TEIUIOBasi Harpy3Kka Ha IIOJIIOCHBII
HaKOHEYHHWK, Oyarojaps yemMy o0JerdaroTcst ycio-
BUSl OCYLIECTBICHUS (YCTOMYMBOCTH, CTaOMIIb-
HOCTh) mporecca OMH u yBennumBaercs pecypc
paboTel. B ciydae HCIonb30BaHUS BTOPOI CXEMBI
TpeOyeTcst CTPOro J03UpOoBaHHas mojada (eppo-
MOpOIIKAa W TAaCThl, YTO YCIOXKHSET IPOLECC
OMH, Tak Kak MPOUCXOINT HATPEB U Pa3IOKEHUE
MacThl C BBLICICHUEM 3HAYUTEIBHOTO KOJIHYECT-
Ba YIJICKHCIIOTO Ta3a ¥ BOIOPOJa, KOTOphIe 00pa-
3yIOT 3KpaH pabodell 30HbI, NPeNOXPaHSIOIUIl
mporiecc OMH oT BO3ACHCTBUS OKpY)KArOIIEH
cpenpl.

UzsectHo [3], uro popMupoBaHHE TOKPHITHIA
Ha TOBEPXHOCTH H3JENIUI C WCIOIB30BAHUEM
ycraHoBoKk OMH mnpoucxonut B paboueii 30He —
MPOCTPAHCTBE, OTPAHNYCHHOM IOJIIOCHBIMU HAKO-
HEYHUKAMH W 3arOTOBKOMW JIETalld, B KOTOPOM 00-
pasyeTcsi MHOTO3JIEKTPOJHAs CHUCTeMa U3 3epeH
(epponopolka B pe3ysibTare BO3IeHCTBUS Ha HUX
IEKTPUUIECKUX Pa3pAIoB U 3JIEKTPOMArHUTHOTO
noiist. PaGovast 30Ha ycraHoBok DOMH o0pa3syet-
CsSl MArHUTHOM CHCTEMOH, IPECTaBIISAIONIEH cO00i
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Puc. 1. Cxempl DMH ¢eppomnoporiika B cocTaBe: a — CMa304HO-OXJIXKIAIOIIESH KUAKOCTH; O — MacThl Ha IUIOCKHE ITOBEPXHOCTH 3aro-
TOBOK JieTasiel MamuH; 1 — OyHKep-no03arop; 2 — uzgenue; 3 — heppornopomok; 4 — MOJIIOCHBIH HAKOHEUHHK; 5 — CEepICUHHK; 6 — HC-
TOYHMK [TUTAHUS SNEKTPOMArHUTa; 7 — HCTOUYHHUK TEXHOJOTMYECKOro TOKA; 8 — 3JIeKTpOMarHuTHas karyuika; 9 — kpas; 10 — cripeiiep
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COBOKYITHOCTh HCTOYHHKOB JJIEKTPHYECKOTO U
MarHMTHOTO TMOJIEH ¢ MarHuTonpoBojaamu. [Ipu
9TOM (OPMHPOBAHHUE IEKTPOMATHUTHOTO TOJS B
pabodeM 3a3ope oOecmeunBaeTcs COYETaHHUEM
KOHTYpa HAIIaBKA W BHEIIHETO AJICKTPOMArHUT-
HOT'O TIOJS.

Tak, 3JIEKTPOMArHUTHOE MOJIE HATUIABOYHOTO
KOHTYpa CO3/aeTCsi TOKOM HAIUIaBKH, IPOXOJIsi-
MM TIO [ENOYKaM-MHKPOJIEKTPOJaM B pabouem
3a30pe, U TOKOM, MPOTEKAIOIIUM IO OCHOBHOMY
MeTaJLTy m3nenus. HampapieHus CHIIOBBIX JIMHUH
B 000MX CIIy4asX COBMANAIOT COTJIACHO MPUHIIUITY
CYIEPHO3UILNU, U MOXXHO ONPEAEIUTh MHIYKIHIO
QJICKTPOMArHuTHOI'O I10JId HAIULIaBOYHOI'O KOHTYpa

By =By + By,

rae By, By — MHIYKIHA IEKTPOMarHuTHOTO IO,
CO3/1aBa€MOTO COOTBETCTBEHHO TOKOM, MPOXOJS-
MM 10 LENOYKaM-MHKpPO3JIEKTPOJaM, U TOKOM,
MIPOTEKAIOUIUM IO OCHOBHOMY METAJUTy H3Je-
s, To.

CornacHo 3akoHy buo — CaBappa uHAyKIuS
3NEKTPOMAarHUTHOTO TOJS MPOBOJHUKA C TOKOM
ompezaenseTcs 1mo Gpopmyie

B= ML,
27l
rae / — TOK HaruiaBku, A; [ — paccTOsSHUE OT TIpo-
BOJHUKAa C TOKOM (CepACYHHMKA C IMOJIOCHBIM
HAKOHEYHWKOM) /10 W3JIeNus, M; |[I — MarHuTHas
MIPOHUITAEMOCTh Cpebl, [ H/M.

WHayKknus 37eKTpOMarHWTHOTO TIONS Harlla-
BOYHOTO KOHTYpa Ha PacCTOSIHUU OT MOBEPXHOCTH
W3MIEHS B 9TOM CIIydae OIMCBHIBAETCS CIeIyromen
3aBUCHMOCTBIO:

(1
B =1l 307 3 ) M

IJie | — MarHUTHas TIOCTOSHHASA, |y = 47 X
x 107 Tu/M; [, — paccTosiHHE pPaccMaTPHBAEMOt
TOYKH TOBEPXHOCTH OT LEMOYEK-MHUKPOIICKTPO-
JIOB, TI0 KOTOPBIM MIPOXONT TOK HAIUIABKH, M; [, —
TO € MO OTHOIIEHUID K COCTaBISIONICH TOKa,
MPOTEKAIOIIETO [0 OCHOBHOMY METaJLTy H3/ICIHUS, M.

CornacHo (1), MHAYKIUS SIEKTPOMArHUTHOTO
T0JIsl HATNIABOYHOTO KOHTYpa YBEIMUYUBACTCS MPHU
TIOBBIICHAN TOKA HAIJIABKH M MPUONMKEHUH K
MOBEPXHOCTH M3JIC/IHS MTPOBOJIHUKA C TOKOM, T. €.
MOJIOCHOTO HAKOHEYHHUKA.
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Kak wu3BecTHO, pacmpenencHue HWHAYKIHAN B
paboueM 3a30pe MO TOpPIy MOJIIOCHOIO HAaKOHEY-
HUKa 3aBHCHT OT UCTOYHMKA BHEIIHETO MarHUTHO-
ro noJisi (IepeEMEHHOT0, UMITYJIbCHOTO MJIM IOCTO-
sHHOTO). B ycranoBkax OMH B OCHOBHOM wc-
MTOJIB3YIOTCS DIIEKTPOMArHUTEI Ha BBIIPSAMICHHOM
WIA TEPEMEHHOM (IIyJIbCUPYIOIIEM) TOKE, KOTO-
pbl€ TO3BOJIAIOT IOJIYy4YaThb NEPUOAUYECKH H3Me-
HSIOIYIOCSI BO BPEMEHM BEIMYMHY MArHUTHON
WHAYKIAN

B, = B, sinmt, )

rae B,, B, — 3HaduecHHS MTHOBCHHONW M MaKCH-
MaJbHOM MarHWTHOW WHAYKITHMI B pabodem 3a30-
pe, Tn; ® = 2nf — yacrora BpamieHus Baia, 1
t — Bpems, C.

Beccrynenuaroe peryimpoBaHHE€ MarHUTHOTO
0JIs1 OCYIIECTBIIAIOT U3MEHEHHEM BEIMYMHBI TOKa
B DJIEKTPOMAarHuTHOM Katymike. [Ipu 3ToM HHAYK-
LSl TI0JIS, CO3J]aBaeMOr0 AJIEKTPOMAarHUTOM B pa-
6odeM 3a30pe, OTIpeAesIeTCs M0 3aBUCHMOCTH [3]

B = L0kt
7 Med+ L,

rae / — cuma ToKa 3IEKTPOMArHUTHOM KaTyIIKH,
A; ®, — 4MCJIO BUTKOB KaTYIIKH; [l — OTHOCH-
TeNIbHAs MarHUTHAsI MPOHUIIAEMOCTh cTanu, ['H/Mm;
d — pabouwmii 3a30p, M; [, — AOMHA CpeHEH Mar-
HUTHOW JIMHUM, PaBHAas CyMMapHOW AJIMHE y4acT-
KOB CTaJId MarHUTONPOBOJIA, M.

Ycranosnerno [4], uro misd 3¢h(EKTUBHBIX
3IIEKTPOMAarHUTHBIX BO3JICHCTBUII Ha pacriiaB Ka-
menb Qepporopoirka U COOTBETCTBEHHO obectie-
YeHHsT OJarompusATHBIX YCIOBUH (HOpPMHUPOBAHUS
MOKPBITHUA HA M3ACTUSAX HEOOXOAMMO IMOJYYCHUE
PaBHOMEPHOI'O paclpeesIeHusl TpaiueHTa HHIYK-
UM U CTa0MJILHON BEJIMYMHBI BPEMEHHBIX Xapak-
TEPUCTUK MarHUTHOTO TOJsi B paboueM 3a3ope.
[Ipu sTom B mponecce OMH ympapisomuM Bo3-
neiicTBUeM B pabouell 30HE SBISETCS BHEIIHEE
AJIEKTPOMAarHUTHOE TIOJIe, KOTOPOE MpPH B3aHUMO-
JIEHCTBUH € 3JIEKTPUYECKUM I10JIEM TOKA HAIJIaBKU
CO3J1aeT CHJIbI, ONIPENEIIIOINE ABHKCHUE Kalelb
paciiaBa GepporopoiIka 1 paciuiaBIeHHOTO Me-
Tanjga M3AeIusd B MUKpoiyHKe. Tak, ajaekrpomar-
HUTHBIE CHJIBI BO3ACUCTBYIOT Ha JIETKOACPOpPMU-
pyeMbIe JKHIKHE U razoo0pa3Hbie 3epHa Gepporo-
pOILIKa, U3MEHssI UX TeoMeTpHuecKue (opMbl u
JBIDKEHUE B pabodeM 3a30pe, OMpeaessioT Ipou3-
BOJUTENBHOCTh IIpOllecca HAIUIABKU M KayeCcTBO
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(hopMUpyeMOro MOKPBITHsA. MI3BECTHO, YTO HA Iie-
MOYKU-MHUKPOIIEKTPOJIbI, BBICTPOEHHBIE BJIOJIb
MAarHUTHBIX CHUJIOBBIX JIMHUH, BO3ACHCTBYIOT:

e cuja, ACUCTBYIOIIAsl Ha 3€pHa MOPOIIKa CO
CTOPOHEKI 0OJIee YAJICHHBIX 3¢PCH B HAIIPABJICHUU

BCKTOpa gradB, KOTOpas OnpCACIACTCSA 3aBUCHU-

MOCTBIO

E, zi - Mazzszf[z , (3)
34« R+96
IJIe 1 — YUCIIO 3ePEH B IIeNOYKe; R; — paccTosiHUe
OT TPaHHMIIBI -T0 3epHA JIO OCH YIPOYHSIEMOH I0-
BEPXHOCTH, M; &;, b; — pa3Mepbl OONBIION U MaJIOH
ocell JIUTUICOna, M; L — MarHUTHAs MPOHUIIAC-
MocCTh Marepuana deppomnoporiika, ['n/m; K — mar-
HUTHAsT BOCHPUUMYHUBOCTh MaTtepuasa (Gepporo-
pouika, ['n/m; H; — HanpsHKEHHOCTb MarHUTHOTO
TOJISI y BEPXHEW TpaHUIlLl 3epHA, A/M; O — BeEJH-
yrHa pabodero 3a3opa, M;
e MarHUTHAas CWJIA, BHI3BaHHAsI B3aMMOJICHCT-
BUEM MOJICKYJISIDHBIX TOKOB MarepHajia 3epHa
(hepporopolika ¢ BHELIHUM TOJIEM:

P :LVBgradE ,
Ho

rae V — obbem deppornopomika, M’; B — MarHuT-
Has MHAYKIMS B TOYKe pabouero 3a3opa, rae pac-
0I0KEeHO 3epHO, Tir; gradB — BEKTOp IpajieHTa
MarHUTHOW WHAYKI[MHM B PACCMATPUBAEMOU TOUKE
pabouero 3a30pa;

e MarHWTHas CWJa, BBI3BAHHAS CTPEMJICHUEM
3epHa (hepporopoIKa COPUEHTHPOBATHCS BIOJb
CHJIOBBIX JINHUA MarHUTHOTO TIOJISL:

P = (@j sin0,
a

rae My — MOMEHT MarHUTHBIX CHII, JEHCTBYIOIINI
Ha 3epHO ¢epponopomka, H - M; a — niuHa Hau-
OosbIIel ocH 3epHa, M; O — yron mexay Hampas-
JIEHUEM HauOOJIBITICH OCH 3epHA W CHUJIOBBIMHU JIH-
HUSIMU BHEIIHET'O MarHUTHOTO TOJS, Tpaj.;

M,=pSaMsin 6,

rae p = B*/2|y — MaruuTHOE JaBICHHE Ha C/IN-
HUYHYIO IUIOMIA/KY HOBEpXHOCTH 3epHa, T’ - M/['H;
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S" — mmomamb CPeIHEro MOMNEPEYHOrO CEeUCHHS
smunconna, M3 M — ko3 QuImenT;

e CHJAa OJIEKTPOMAarHUTHOTO TIONS  TOKa
HAIUTaBKU

K= 1B,

rne [, — JUIMHA HATUIAaBOYHOTO KOHTYPA, M.

AHanu3 napaMeTpoB 3aBUCUMOCTH (2) mpu ux
B3aMMO/ICHICTBUH TIOKA3bIBAET, YTO BEIIMUMHA Mar-
HUTHOW MHJYKIIMU OKa3bIBaeT BIHMSHUE HA UHTCH-
CHUBHOCTH 00pa30BaHMs  IIEMOYEK-MUKPODIIEKT-
POIIOB M WX AJICKTPUYECKYI0 MPOBOAUMOCTD. le-
PEMECHHBIH XapakTep MarHUTHOW WHAYKIIMM Ha
TpaHMIIAX YYaCTKOB C pPa3JUYHBIM MATHUTHBIM
COIIPOTHBIICHUEM CIIOCOOCTBYET XaO0THYHOMY pac-
npeaesieHnto  (pepporoporka B pabodeM 3a3ope.
B pesynbrare rpagueHT MarHUTHOH WHAYKIIAU

gradB Ha OTAENBHBIX ydacTKax pabodero 3azopa

M3MEHSCTCSl C YaCTOTOW 00pa30BaHUs pa3psIHBIX
Ienoyek u3 3epeH ¢epporopomka. [Ipu Takmx
ycnoBmsx (3) marHuTHas cuia Fy, yIepsKuBaro-
mas [eMmoYKU-MUKPOAIEKTPOIbI B paboueii 30HE,
OyzmeT HeoAMHAKOBa Ui 3epeH (peppormoporika.
CrnenoBaTellbHO, BaXHO OBUIO OICHHUTH W TIONY-
YUTh PE3YJIbTAThl BIUSHUS BPEMCHHBIX XapaKTe-
PUCTHK 3JIEKTPOMArHUTHOTO TIOJIA M pacrpejese-
HUS MHIYKIOUH B pabodeM 3a30pe Ha MpOIecc
(hopMHpOBaHUs TIOKPHITUH HA MMOBEPXHOCTH H3JIE-
must (puc. la, 0). IluraHue >1EKTPOMArHUTHBIX
KaTyllIeK B IMEPBOM CJIy4ae OCYIIECTBISUIOCH OT
CeTH TePEMEHHOr0 TOKa MPOMBINIIEHHON YacTo-
ThI, 2 BO BTOPOM — OT BBINPSIMHUTENS, 0Oecreyn-
BAIOIIETO YacTOTy MarHutHoro oyt 0,5-12,5 I'g
(puc. 2a). W3mepeHusl BBINMOJHSIN TeCiiaaMIep-
metpoM ®4354/1 m cneuuanbHBIMU LIyHaMu C
JaT9MKaMH ~ XOJUla, HWMEIOIIHMH  pa3Mepsl
80%5,0x0,8 MM, yCTaHOBJICHHBIMH Ha Kpasx W B
1eHTpe pabodero 3azopa. Ilo m3mMeHeHHI0 BenH-
YUHBI UHIYKIIMHA B Pa3JIMYHBIX TOYKAX OICHUBAIN
WHTCHCHUBHOCTh MArHUTHOTO TIoJisi B pabouei
30He. AHAIW3 pe3yNIbTaTOB JKCIEPUMEHTa IOKa-
3BIBAET, YTO 3HAKOIIEPEMEHHbIE MAarHUTHBIE OIS
(c wacroroit 0,5; 12,5 u 50 ', mAAYKIIMEH B pa-
6oueit 30ue 0,5-0,9 Ti) HETOCTATOYHO OIHOPOJI-
Hbel (puc. 20, B, T), YTO BBI3BIBACT IMOINECPECUHBIC
KoJeOaHUsI W MUTPAIMI0 HE TOJBKO IIEMOYeK-
MHKPO3JIEKTPOIOB B pabodeM 3a3ope, HO U JTyTro-
BBIX pa3psaoB. [Ipu a3Tom mporiecc HamaBKu mMpo-
WCXOJUT HEYCTOWYHMBO C KOPOTKMMH 3aMBIKAHHUS-
MU ¥ OJIMHOYHBIM MYJbCUPYIOIIMM TOPCHHUEM
IIeTTo4eK (eppoIopoInKa B padbodem 3a3ope.
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Puc. 2. DnextpomarautHas cucrema ycraHoBkd OMH (a): 1 — oOMoTKa; 2 — ceplieuHuK; 3 — U30JATOP; 4 — MOIIOCHBIM HAKOHEYHUK;

5 — u3genue; 6 — UCTOYHUK MUTaHUS;, 7 — ONpaBKa; paclpeieieHue NpoAonbHON B, n nmonepedyHoi B, COCTaBIAIOLIMX MarHUTHOM

HHIYKIMA B pabodeM 3a3zope (6 = 2,0 MM) JuIst aseKTprdeckux MarHutoB ¢ gacrotamu 50 I'r (6), 12,5 I'm (8) u 0,5 ' (1) npu cue

TOKa 3JIEKTpoMarHuTHOM kKarymku: 1 — 3,5 A; 2 — 25; 3 — 1,5 A; X — paccrosiHHEe OT HpPOJOJbHONH OCH IOJIFOCHOTO
HAKOHEYHHKa

DTO 00CTOSATENLCTBO HE OOECIEUMBAET Kaye-

/ 1
CTBCHHOI'O HNOKPLITUA HA INIOCKUX MOBCPXHOCTAX B} y
z[eTaﬂeﬁ MallluH (IHCpOXOBaTOCTI: MMOBCPXHOCTHU 2
Ra, nopuctocts II, TonmmHa HAHECEHHOTO IO- Dron 3
KPBITHSI — ¢ ¥ 1ID.). I A
MzBectHo [7], 4TO Ha SICKTPUYECKOE TIOJE 0

KOHTypa HaIUIaBKU ACHCTBYIOT BHEIIHHE YIPaB- Bupan -~ [ e
JIsIeMBI€ IIPOJOJIbHBIE U MOIIEPEYHBIE MAarHUTHBIE il 0
noJisi (puc. 3). [lpu 3TOM MPOJI0JIBHOE MarHUTHOE g / y
MOJIE  YAEPKHUBAET  LETIOYKU-MHUKPOIIEKTPOIBI 7 /
(heppomnoporiika B paboueM 3a3ope, NpUAACT UM
TpeOyeMylo >KeCTKOCTh M yCTOW4YMBOCTh. [lome-
pedHOe MarHuTHOE Tojie obecreyrBaeT Bpala- o Is ——
TEJIbHOE JBMKCHHUE Kallellb paciuiaBa (epporio- D
pomika C€ 3aAaHHBIM JKCHECHTPUCUTCTOM BIOJIb Puc. 3. Cxema paboueii 30861 npu OMH 1iockux moBepxHo-
MarHUTHBIX CHJIOBBIX JMHUH. Tak, IIpU coBHAJeE- CTel M 3JIEKTPOMArHUTHOTO MOJsL: 1 — MOJIOCHBIA HaKOHEY-
HUU TIONEPEYHOr0 U 3JIEKTPUYECKOro IOJeH co- HUK; 2 — NCNOYKN-MUKPOICKTPOIBI U3 (hepponoporka; 3 —

YIpOUYHSAEMas NOBEPXHOCTh M3fienus; 4 — Hokpeitue; Dpyos,
34acTCs I/I36BITO‘IH06 MAarauTHOC JAaBJICHUC U IIPO- "

Do, Dy — HANpaBIEHUE CUIIOBBIX JIMHUH NPOJAOJIBHO-
HCXOOUT OTKIIOHCHHUC TYTOBBIX PAa3psAI0B B CTOPO- r0 MAarHUTHOTO MOJIS, MOMEPEYHOT0 MArHUTHOTO MOJIS, Mar-
HY OoJjtee ciaboro MO [8, 9]. Hcknrounuts 3TOT HUTHOT'O MOJA HAIUIaBOYHOTO DJJICKTPHYECKOTO KOHTypa CO-
HEIO0CTAaTOK MOXHO: OTBCTCTBCHHO
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o o0ecrieurB BpallleHUE MONEPEYHOr0 MarHuT-
HOTO ITOJISL;

e ITYHTUPOBAaB MarHUTHBII IIOTOK paccesHus B
paboueii 30He;

* U3MEHUB MNOJSPHOCTH TOKA HAIUIABKHY;

e YMEHBUIMB OCTaTOYHYIO U HaBEICHHYIO
HaMarHW4eHHOCTh WU3ZENui, T. €. BBHINOJHUB Jie-
MarHUTU3aLuIO;

e CIIOJb30BAaB ONTHUMAJIbHYI0 KOHCTPYKLIUIO
MarHUTHOM CHUCTEMBI.

Haubonee  3¢¢exTuBHBIM  HampaBlieHHEM
YCTpaHEHMsI YKa3aHHBIX BbIIIE HEIOCTATKOB SIBJIS-
€TCsl UCIOIb30BAaHUE BHEIIIHUX MarHUTHBIX TOJEH,
KOTOpBIE NP B3aUMOJIEHCTBUY C TOKOM HAIUIaBKU
CO3JAI0T 3JIEKTPOMAarHUTHBIE CHJIBI, I103BOJISIO-
IIM€ YNpaBIsATh KadyeCTBOM HAIUIABIIEMBIX IIO-
KpbITUH. [ MCKITIOYEHUS KOJIOAHUU IIENOoYeK-
MUKPOIJIEKTPOIOB (epporopoIKa B pabodem 3a-
30pe MEePCIEeKTUBHO HCIOIb30BaTh CUCTEMEBI C TIO-
CTOSHHBIMM Marautamu. Ilpu ucnonp3zoBaHuU MO-
CTOSIHHOTO MAarHuUTHOIO IOJIi B pabouell 30HE
MOYKHO TIOJTyYUTh CTa0MIBHYIO BO BPEMEHH BEIH-
YUHY WHAYKLIWU U COOTBETCTBEHHO OoJiee OJHO-
pOIHOE pacHpeAeieHne MarHUTHOI'O IMOTOKa II0
TOpIy MOJFOCHOTO HAaKOHEYHHKA. DTO TEXHOJIOTH-
YECKOE pPeIIeHHE MO3BOJIAET OTKA3aThCs OT UCTOU-
HUKA MHTaHUS C TIEPEMEHHBIMU WIH HMITYJIbCHBI-
MU 3JIEKTPUYECKUMH MarHUTaMH, YIIPOCTUTH KOH-
CTPYKIMIO ycTaHOBKM OMH, HCKITIOYUTh HEOOXO-
JUMOCTh TE€PMETH3ALMN KaTylleK OT IOIaJaHus
CMAa3049HO-0XJIaXAAOIEH JKUIKOCTH, YMEHBIIUTh
rabapuTHblE pa3Mepbl M Maccy YCTpOWCTBa
HAIJIaBKH.

[lockonbKy peanbHbIE JIEKTPOMATHUTHBIE CH-
cTembl, npuMmeHsemsle npu OMH, He sBmsAtOTCH
0CECHMMETPUYHBIMHU, OTKJIOHEHHUsS JyTOBBIX pa3-
psiioB B pabodeM 3a30pe OT OCH IIOJIOCHOTO
HaKOHEYHWKAa Heu30exHbl. Tak, CTaOMIBHOCTD
npouecca OMH HapymiaeTcst B TOM ciy4ae, eciiu
Ha LENOYKU-MUKPORJIEKTPOIbl (PEeppONOpOIIKa B
pabouem 3a3ope AEHCTBYIOT MONEpPEeUHbIE MAarHUT-
HBIE TIONSA, KOTOpPBIE CIOCOOCTBYIOT OTKJIOHEHHIO
JOYTOBBIX Pa3psAA0OB U HX MOCIEAYIOLIEMY OODBIBY.
Juiist ycrpaHeHHsS 3TOrO OOCTOSITENBCTBA WCIIOJNb-
3YIOT TPOAOJBbHbIE OOKOBBbIE MAarHUTHBIC TMOJS
[10, 11], HampaBieHUE U BEIUYUHA UHAYKIIMH KO-
TOPBIX 3aBUCAT OT KOHCTPYKTHBHBIX OCOOEHHO-
CTel MarHUTHON CHUCTEMbI. DTH MAarHUTHBIE OIS
OKa3bIBAIOT CXKMMaloIlee ACHCTBHE HA HAIUIABOY-
HYIO IyTY U IIPHU OTKJIOHEHUH €€ TONepeK HarllaB-
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JISIeMOM TOBEPXHOCTH BO3BPAILAIOT B IIEHTP pabo-
yero 3azopa. [IpogonpHbIe OOKOBBIE MO OKa3bl-
BalOT CTaOMIM3MpYyIolee AeCTBHE HAa IYTY B pa-
Ooueii 30He.

Jis ompeneneHusl ONTHMAIbHBIX MapaMeTpPOB
MAarHuTHBIX TIOJIeH B pabouem 3a3zope (pacmpene-
JICHUE TPOJOJIBHBIX M TONEPEYHBIX COCTABJISIO-
IIMX MarHUTHOW WHIYKIMM W HAIMPSKEHHOCTH)
WCIIONIb30BAIACh IKCIEPUMEHTANbHAS YCTaHOBKA.
[Ipu npoBeneHUU SKCIEPUMEHTAIBHBIX HCCIIEI0-
BaHWH MOXHO OBUIO BapbUPOBATh Pa3THMYHBIMU
dhopmamu mocTOSIHHBIX MarHuUTOB (E-00paszmoi,
MPU3MATHYECKOM, TMPSAMOYTOJILHOW), OPUEHTHPO-
BaTh WX OTHOCUTEJIBHO IMOBEPXHOCTH 00padaThi-
BaeMoro u3fenus. Tak, ycraHOBIIEHO, 94TO (hopmu-
pPOBaHME TMPOJOJBHBIX OOKOBBIX TOJCH M pPaBHO-
MEPHOCTh paclpeieicHUs] MarHUTHOTO TOJIT B
paboueii 3one ycranoBku DMH obGecrneunBaeTcs
cuctemoli ¢ E-00pa3HbIMU TOCTOSIHHBIMH MarHH-
tamu [12, 13], maTepuan KOTOpPHIX — CIUIaB
IOHJK (I'OCT 17809—72). Pe3ynbratsl uccieno-
BaHUii [4] Mo BEIOOPY ONTHMATBHOW KOHCTPYKIIMU
MarHMTHBIX CHUCTEM IOKa3bIBAIOT, YTO JJIs 00pa-
OOTKM 3aroTOBKH JETajeil THIa BaJIOB SBISETCS
HauOoJ1ee 1enecooOpa3Hoii cxema (puc. 4a) ¢ pac-
MOJIOKEHUEM OJTHOMMEHHBIX IMOJIFOCOB IMOJ YIJIOM
180°, a mst 00pabOTKM TUIOCKUX AeTaiei — cxema
C pacIoOJIO)KEHHEM OIHOMMEHHBIX ITOJIFOCOB MO
yriaoMm 90° (puc. 40).

180°

hY
‘s—T—J

Puc. 4. Cxema KOHCTPYKTHBHOTO DPAaCIIOJIOXKEHHS IOTIOCOB
MarHMTOB OTHOCHTEIBHO NOBEPXHOCTEIl 3arOTOBKH B JKCIE-
pUMeHTaIbHON ycTaHoBke DOMH
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AHanu3 pes3ynbTaTOB HCCIIEAOBaHMA paclpe-
JeNeHns MHAYKIUA KOMOMHUPOBAHHBIX BHELTHUX
MarHATHBIX TI0Jei B pabodell 30HE YCTaHOBOK
OMH c¢ nocTosSHHEIMI MarHuTaMu (puc. 50) moka-
3bIBa€T, YTO IMOJYYEHO Oojee OJHOPOAHOE pac-
MpeAesieHue MpOoa0JIbHOM B, U nonepeuHoil B, no
TOpIy IOJIFOCHOTO HAKOHEYHHUKa B padoueM 3a30-
pe, 4eM Ui IepEMEHHBIX WM UMITYJIbCHBIX dJI€K-
TPUIECKUX MAarHUTOB.

B pesynpTare NpUHATBIX TEXHOJIOTHYECKUX
pelIeHni W3roTOBIEHO YycTpoiicTBo ans OMH
TUTIOCKHAX ToBepxHOcTel [14], comepxaree mar-
HUT C CepJIeYHNKOM B BH/JIE BpallalOIIeics ompas-
K{, AUCK ¢ OyHKEpaMu M IO3UPYIOUIMMHU BTYJIKa-
MH, 3JEKTPOABI A1 ofgaun GepponopoIlKa U aBa
MOCTOSHHBIX MarHuTa E-oOpa3Hoii GopMbl, KOTO-
pbl€ PACIIONIOKEHBI MEPIEeHAUKYISIPHO Ipyr K
IpyTy U 3aKpeIuieHbl B KOPITyce Ha HEMarHUTHOM
OCHOBaHUM TapaJUieIbHO TIOBEPXHOCTH 00pada-
TBHIBaeMOU 3arotoBku netanu (puc. 6). [Ipu sTom
CepACYHMK YCTPOHCTBA C MOJIOCHBIM HAaKOHEYHH-
KOM YCTaHOBJIEH B LIEHTPAJbHOW YaCTH MarHUTOB
C BO3MOXHOCTBIO PEryJIHPOBAHUS BEIHMYHUHBI Mar-
HUTHOW HMHIYKLHWH B pabodell 30HE MOCPEICTBOM

W3MEHEHUS pacCTOSHUS MEXAY IOCTOSHHBIMU
MarHuTaMHu.

Hcnonpzyemass KOHCTpYKIIMS MarHUTHOM CH-
CTEMBI B BHJIE€ IBYX MarHuToB E-oGpasHoii ¢op-
MBI, PaCMOJIOKEHHBIX MEPIEHANKYISPHO IPYT K
IOpyTy, CO34aeT ONTHMAIBHYI0 KOH(UTYpPAIHIO
MarHUTHBIX TIOTOKOB, KOTOpasi 00ecIeyuBaeT Tpe-
OyeMyro BEIMYMHY WHAYKIUH B pabodeM 3a30pe u
npUONIMOKaeT pacrpeaesieHue MarHUTHOTO MOJIS 110
JUInHE paboYrX TOPLIOB MOJIOCHBIX HAKOHEYHUKOB
(meHTpasbHOTO U OOKOBBIX) K OAHOPOAHOMY.

Hcnonb3oBanne OOKOBBIX IOJIFOCHBIX HAaKO-
HEYHHKOB Ha KOHIAX C OJHOWMEHHOW MOJIAPHO-
CTBIO ITOCTOSTHHBIX MarHWTOB (HaIlpUMep, C MOJII0-
camM# S) MO3BOJIIET 3HAUUTENHHO MOBBICUTH IMPO-
M3BOJUTENBHOCTE MpOLECCAa HAHECEHUS MeTall-
JIUYECKUX TOKPBITUH Ha IUIOCKHE IOBEPXHOCTHU
neraneid. Tak, mpu GOpMHPOBAHUH MOKPHITUH Ha
MOBEPXHOCTh M3IEIUS IUPUHOM, MEHbILIEH MOJIO-
BHHBI IIMPHHBI MarHUTHOW CHCTEMBI YCTPOMICTBA,
[IPUMEHSETCA TOJBKO LEHTPAIBHBINA IOJIKOCHBIN
HAaKOHEYHHUK, a MpU 00pabOTKe MOBEPXHOCTH W3-
JeNndsl MIUPUHOM, OONbINed TOJOBHHBI MIMPUHBI
YCTPOMCTBa MarHUTHOM CUCTEMBI, TOTIOJIHUTEIHHO
HCTIONB3YIOTCS OOKOBBIE MOIOCHBIE HAKOHEUHUKH.

D |
N
[T
‘ -
N ’
E 6.
B. B, Tn
A 1.2
1,0 !
0, B 5
3
0.4
0.2 ﬂ
—ZT -10 0 TT 20 X, Mmm

Puc. 5. a — marnuTHas cucrema ycranoBkd OMH: 1 — NOCTOSHHBIM MarHuT; 2 — cepJeuHUK; 3 — MOJIIOCHBIH HAKOHEYHUK; 4 — HaKO-

HEYHUK; 5 — u3aenue; 6 — pacipeeneHue NpoaoibHON B, ¥ monepeyHoil B, COCTaBISIONMX MArHUTHON MHAYKIIMK B paboueM 3a30pe

(6 =2,0 Mmm): 1, 3 — U IOCTOSIHHBIX MarHUTOB C PACIIOJIOKECHAEM OJJHOMMEHHBIX MOJTFOCOB MO yrioM 90°; 2, 4 — JIs OCTOSTHHBIX
MAarHHUTOB C PAcIOJIOKEHUEM OJJHOMMEHHBIX MOJIIOCOB 1o yritoM 180°; X — paccTosHue OT IPOAOILHOM OCH MOJIFOCHOTO HAKOHEYHUKA
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Puc. 6. Cxema yctpoticta aiust OMH minockux
MOBEPXHOCTEHN

BenmuunHa MarHuTHOW WHAYKIMU B Mpejaeniax
0,4-0,9 Tn B pabodeM 3a30pe peryIupyeTcs H3-
MEHCHHEM PACCTOSIHMS MEXIy [MOCTOSHHBIMU
MarHutaMu | W 3arOTOBKOW JeTanu 2 MyTeM Iie-
peMeIeHus MarHUTHOM CHCTEMBI B Kopiyce 3 u
¢ukcanmu ee BUHTOM 4, 4TO OOECICUMBAET BO3-
MOJKHOCTH HAIUIaBKH (PEpPOMOPOIIKOB C pazind-
HOIl MAarHUTHOM IPOBOAUMOCTBIO.

Jns npoBepku 3¢ (deKTUBHOCTH pa3paboTaH-
HOW MAarHUTHOW CHUCTEMBI TIO OOECIICYeHHIO CTa-
OMIIEHOCTH W YCTOWYHMBOCTH, & TAK)KE TIOBBIIICHUS
MIPOU3BOAUTENHLHOCTH Tiporiecca OMH mpoBeneHs
WCTIBITAHUS, PE3yIbTaThl KOTOPHIX TPUBEICHB B
Tabm. 1.

Tabruya 1
CpaBHHTEJbHBIE XaPAKTEPUCTHKH MATHUTHBIX CHCTEM
ycranoBok DMH

Oxkonuanue maobn. 1

MarnuTHas cucteMa

Tlokazarens C DJICKTPUIECCKHU-| C IOCTOSTHHBIMU

MU MarHuTaMHu MarHuTamMu

Benuunna pabouero 3a3o-

MarnuTHast cuctema

ITokazarenb C DJICKTPUIECKHU-| C TOCTOAHHBIMHU

MH MarHuTamMu MarHuTamMu

Benuuuna unpykiuu, Ti 0,6-1,2 0,4-0,8

Benuuuna nanpspkenusi, B 36,0 -
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pa, MM 2,0 1,5
Pacxon noporxka,

r/(c- mm?) - 107 2,9 2,55
Pacxog COX,

am/(c - mv?) - 107 0,5 0,4
IlnoTHOCTH TOKA, A/mm? 2,2 1,8
3epHUCTOCTH MOPOILIKA 240-320
Koappumuent ucnonszo-

BaHMS MOPOILKA 0,6-0,8 0,7-0,9
IIpousBoauTENHLHOCTD, MI 220-240 260-270
CIIOLIHOCTE HOKPBITHA, %0 75-90 100
Ilopucrocts nokpeitus, % 8-15 4-8
IToTpebnsiemast MOIIHOCTD,

kBt 5,1 3,5
T'abaputhble pa3mepsl, MM| 215x180x250 | 130x190x110
Macca, kr 20 7,5

BbBIBO [

AHanu3 pe3ynbTaToB UCTIBITAHUH [TOKa3all, 4To
sl yctaHOBOK OMH  ontuMansHOM  SBIISIETCSI
MarHuTHasE CHCTEMa C TMOCTOSHHBIM MarHUTOM
E-o6pasnoii hopmbl, KoTOpasi obecrieunBaeT cra-
OWIBHBIA W YCTOWYMBBIN TpOIleCC HAHECEHUS TO-
KPBITH ¥  MOBBILACT IPOU3BOAUTEIHLHOCTD
HaIu1aBku 110 25 %.
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NCCIEAOBAHUE HANIPAKEHHO-ZE®@OPMUPOBAHHOI'O
COCTOSTHUS MHOTI'OPSITHBIX M ITAPHUPHBIX COEJJUHEHUM
KOHBEWEPHBIX JIEHT

Jaypeam I'ocyoapcmeennoii npemuu Pecnyonuxu benapyco,
0okm. mexH. Hayk, npo. IIPYIIIAK B. A., kano. mexn. nayk MUPAHOBHY O. JI.

340 «Conueopckuii uncmumym npooiem pecypcocoepedcerus ¢ ONbimHbLM NPOU3800CHEOM,
Hucmumym npednpunumamensckoil desimenbHocmu

Kanwuiineie pyanunkn CTapoOWHCKOTO MECTO-
POXIEHHUS BXOIAT B YUCIO KPYIHEHIINX B MUpE.
[IpousBoauTENBHOCTh MX MO TOPHOW Macce Co-
crarisier 23,8 MIH T/roJ. MOIIHOE MTPOU3BOICTBO
KaJUWHBIX PYJHHUKOB OIpENessieT He00X0IUMOCTb
co3l1aHus OOJBIIOrO KOJIUYECTBAa BBIPAOOTOK, OC-
HAIllEHHBIX COBPEMEHHBIM BBICOKOA()(EKTHBHBIM
obopynoBaHueM JUIsi OOCITYy)XKMBaHHUS TOPHBIX pa-
6ot. Co3maHue W BHEAPEHHE BBICOKOTPOU3BOMU-
TEJIbHBIX MAaIIMH BO3MOXXHO TOJBKO Ha OCHOBE
rIyOOKMX HAay4HBIX MCCIIEOBAHUI, METOIUK pac-
YyeTa ¥ BHIOOpa OCHOBHBIX MapaMeTpOB U JIEMEH-
TOB KOHCTPYKLHH, ITyT€l COBEPLICHCTBOBAHUS
TOPHOAOOBIBAIOLINX W TPAHCHOPTUPYIOIIMX YCT-
poiict. C atoii 1enpio B 3A0 «Conuropcku MH-
CTUTYT Npo0eM pecypcocOepexeHus: C ONBITHBIM

34

MIPOM3BOACTBOM» TPOBOAUTCA IIJJAHOMEPHOE HC-
CJIEOBaHHE BOIPOCOB, CBA3aHHBIX C COCTOSHHUEM
COECIMHEHUM KOHBEWEpHBIX JIEHT TPaHCIOPTHBIX
MallIVH.

PaccmoTpum BimsiHME HanpshKeHHO-AEHOpMU-
POBAHOTO COCTOSTHUSI MHOTOPSITHBIX U IAPHUPHBIX
COCTMHCHUM KOHBEWEpHBIX JICHT Ha pPabOTOCIIO-
COOHOCTBb JIGHTOYHOrO KOHBeHepa. Brixonm wu3
CTpOSI CTBIKOBOTO COEIMHEHHS KOHBEWEpHOM JIeH-
Tbl B pe3yNbTaTe KpPaTKOBPEMEHHOTO JIeHCTBHA
pacTATMBAIOLIMX CUJI MOXET IPOU30HTH BCIIEA-
CTBHC TUIACTHYCCKHUX AedopManuii CKoO, MpH KO-
TOPBIX 3arHYTHIE KOHIIBI HOXKEK CKOO pa3rubarorcs,
W BCJEACTBUE TPOPBHIBAHHA CKOOAMH MPOKIAI0K
JIEHTHI BO3MOXHO cpe3anue ckob. [loaromy mpod-
HOCTh CTBIKOBOTO COEAMHEHHUS OIpenesercs
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