HuakonpogunsHule mopoudansHiie cepdeynuku us Mo-nepmannon u ¢heppumos
¢ 8030yWHLIM 3330p0M N0368005+0M pa3pabambieans CeepXKOMIaKMHLIe Nnpeobpasosamenu
HanpaweHus Gnazodapa manol enicome, xopoweMy omeody menna u IKPaHUPOBaHLIo
MazHUMMOZ0 NOMA, OMCyMcmeulo kapkaca dna obMomku U NpueMneMod cmouMocmu

CoBpeMeHHass MUKPOTIPOIIECCOPHAsI TEXHUKA MPEIbSIBISCT MOBHINICHHBIE TPeOOBaHUS K rabaputam u
SHEPreTUICCKUM XaPaKTEPUCTHKAM WHAYKTHBHBIX AJIEMEHTOB, IPUMECHSIEMBIX B KOMITAKTHBIX HCTOYHUKAX
nutanus. CUIOBBIE IPOCCENTH JOIKHBI UMETh HHIYKTUBHOCTH 10 100 H mpu Toke B HECKOJIBKO amIep.
CymiecTBeHHBIM MOMEHTOM TP TOCTHKECHUN MUHUMAIBHOM BBICOTHI MHIYKTHBHOTO 3JIEMEHTA SIBIISICTCS
MIPaBWIBHBIN BBIOOP (hOPMBI M MaTepHaa cepAcyHUKA.

TopouaaibHbIe CEPACUHUKHI
MO3BOJISIFOT H3TOTOBUTH IPOCCENb
MUHUMATbHOU BBICOTHL. OHUM 13
MaTepHAIIOB, UCTIOIB3yEMBIX TSI
W3TOTOBJICHUS JIpOCCeeH
BOJIbTOJI00ABOYHBIX TIPEOOpa30oBaTENCH,
SIBJISICTCS. MOJIMOIeH-TIepMaJLioi (Mo-
nepmasutoit, Molypermalloy, MPP) ¢
pactpeneéHHBIM BO3IYIITHBIM 3a30POM.
CepuifHO BBITTyCKaeMbI€ CEPACYHUKHN U3 Mo-
MepMalIos UMEIOT MUHUMAIIBHYIO BBICOTY
ok0J10 0.7 MM. AJTbTepHATHBHBIM
MaTepHaIoM JUIsl CEPACYHUKOB CHIIOBBIX
Jpoccenei SBIsIeTcsl PepPUT C BO3TYIIHBIM

Puc. 1 BoasmodoGaseq s npeodpaiosarmeis 3a30poM. B 3T0i1 cTaThe MBI IpoBeEM
CpaBHEHHE JIBYX MaTEpHAIIOB, IIPH STOM
LeIbI0 OY/IeT JOCTUKEHHUE BRICOTHI BCEX
3JIEMEHTOB TpeobpaszoBaTens (BKJItoYas Ipocceib) He bomee 1 MM.

CepaeuHUKH C 3a30pOM OOBIYHO MCTIONB3YIOTCS B JPOCCENSIX BOJIBTOA00aBOYHBIX TpeoOpa3oBaTeneit
(Puc.1). Bo BKIIOYEHHOM COCTOSIHUH CEPACYHUK TAKOTO IPOCCEIIs JOHKEH 00ECIeYHTh T0CTATOUHYIO
WHIYKTUBHOCTH TIPU MIPOTEKAHUH Yepe3 0OMOTKY 3HAUUTEIbHBIX TOKOB. IHAYKTUBHOCTH OOMOTKH
ponopIroHabHa 3 GEeKTUBHON MarHUTHOW MTPOHUIIAEMOCTH MaTepHaa CepACUHIKA!
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L = uHAyKTUBHOCTH, ['H

He = apdexkTrBHAS TPOHUITAEMOCTD

N = 4mciio BUTKOB

A = 2
e = 9(pdexkTrBHAS TIIOMAL CEYCHUS, CM

L = AnvHA MyTH MarHUTHOW JTMHUU, CM

BonpmmHCcTBO MpeoOpa3oBareneil paboTalT B HEMPEPHIBHOM PEKUME OOMOTKH, IPU KOTOPOM KITIOU
S (Puc.1l) BHOBB 3aMBIKAa€TCSI B TOT MOMEHT, KOT'JIa TOK 4epe3 0OMOTKY €Ilé He CHU3WIICA 10 Hynsa. Cpearee
3HaUEHUE TOKA, MPOTEKAIOIIETro Yepe3 0OMOTKY, pacCMaTPUBAETCS KaK TOK MOCTOSTHHOTO TIOIMarHUYNBaHU,
MOATOMY MOKHO OLIEHUTh YMEHBIIICHUE UHIYKTUBHOCTH, BHI3BIBAEMOE MMOCTOSHHON COCTaBIISIONIEH.
Hanpsx€HHOCTh MarHUTHOTO MOJISI COCTABJISIET:

H=04aNI/L, (2)
re:

H = nmocrositHHas cocTaBsromas HamPsHKEHHOCTH MAarHUTHOTO TOJIST, DPCTENT
N = 4ncI0 BUTKOB

| =Toxk, Ammiep

Le = muHA TyTH MAarHUTHOW JIMHUH, CM

[TocTpouB rpaduk 3aBHCUMOCTH POHHUIIAEMOCTH CEPJICYHUKA TIPH YBETHUCHUH HaMarHMYMBAIOIICH
CHUIJIBI, JIETKO YGGI[I/ITBCSI B YMCHBIICHUN MHAYKTUBHOCTH 06MOTKI/I C BO3paCTaHUECM TOKaA, MPOTCKAIOIICTO
yepe3 0OMOTKY.

TopougajbHbie CepACYHUKHU

Cepneunnku u3 peppura 1 Mo-nepMasuios IpOU3BOAATCS B BUAE TOHKHX (HU3KONPOQHIHHBIX)
KOJIEL], HAMOMHUHAIOMHKX 1maiiobl. TopouaanbHble ceplIeYHUKH Jal0T ONpeIeIEHHbBIe TIPEUMYIIECTBA B
clly4asix, KOria He00X0AUMO MOJTyYUTh MUHUMAIbHYIO OOIYO BEICOTY MHIYKTUBHOTO KOMIOHEHTa. OHU
He TpeOyIoT Kapkaca Al OOMOTKH, MMEIOT HEBBICOKYIO CTOMMOCTbh, 00ECIIeYMBAIOT XOPOIIUKA OTBOJ TeIlia
Y DKPAHUPOBAHUE MAarHUTHOTO IMOJIS.

HuszkonpoduibHble Kosblia 13 Mo-1epMasuiost BEITYCKAIOTCS B TPEX TUIIOpa3Mepax U3 YETHIPEX
MapoK MaTepHalioB, kak mokazaHo B Ta6u.1 u Ta6a.2 [{ns koner Takoro pa3Mepa CTOUMOCTh MaTepuaia
HecyllecTBeHHa. OCHOBHOM COCTaBJISIONIEH LIEHBI ABJISIOTCS 3aTPaThl HA IPUJAHUE CEPACUHUKY
TOPOUJANIbHON (hopMBI IIpK ToMoIH npecca. OJIHaKo, COBPEMEHHBIE TEXHOJIOTHH ITPOU3BOICTBA
MasiorabapuTHBIX KoJiel u3 Mo-nepMaios Mo3BOJISIOT CHU3UTh UX CTOMMOCTh JI0 YPOBHSI LIEH Ha
(eppHUTOBBIE KOJIbIIA C 3a30paMH AHAJTOIMYHOIO IUAaMETpa.
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Tabn. 1 Paewepst copdesnnrans * Cregaionste swagennn maonpenst Tafin2 Pardepsi o npoitidesocnii ceplesitisog ¥
OBCCIEN MR PO TR e RIS 10 MApE) S, danp,, 125

BBeaenue Bo3yIHOTO 3a30pa CMEAET KPUBYIO
HamarHuuuBaHus (Puc.2), 4To mo3BoJIseT CepACUHUKY C
3a30pOM BBLAECPKUBATH OOJIBIINE 3HAUCHHUS
HAMarHWUYMBAIONICH CHUITBI, YeM CEpJICYHHK Oe3 3a30pa.
s yBenm4yeHrss MakCUMaJdbHOW HANPSIAKEHHOCTH
MarHUTHOTO TOJIS UCTIOIB3YIOT JIBA TUIIA 3a30POB.
CepieYHUKH U3 IPECCOBAHHBIX MOPOIIKOBBIX
marepuasioB (Mo-nepmaiuioi, anbcudep, pacrbUIEHHOS
JKEJIe30) UMEIOT T.H. PACIPeaCIEHHBIN BO3TYITHBII
3a30p. B deppuToBBIE KOJIbIIA BBOAST OAMHOYHBINA WITH
JIBOMHOM 3a30p co cmeménnem 180° (Puc. 3).

MoscHense & Tadamoam



VYBenuueHue 3a30pa paclIupseT AMarna3oH 3HaAYEHU HAPSKEHHOCTH MAarHUTHOTO MOJIS 10
BO3HUKHOBEHMS CIEAYIONIUX MTPAKTUYECKUX OTPaHUYCHHUIA:

* pasMelnieHre HeoOXOUMOTO YHCIIa BUTKOB
0OMOTKH MpH 3aJaHHOM BHYTPEHHEM JHAMETPE KOJIbIIA;

g BB Fa b 1 B [':|'I1II'_..I.E HBCLIIEIEE ° COXpaHeHI/Ie JIOCTATOYHO BBICOKOﬁ
T LA = TP DRI LU O pC o

,ti' 3¢ PEeKTUBHON MPOHUIIAEMOCTH IS yACPKAHUS

Hactsid S MAarHUTHOTO MOJISI BHYTPHU CTPYKTYpPhI KOJIbIIA,

f':;l'_'l::_'l T _ZF-_. AL * M3TOTOBJICHHE CIUIIKOM OOJIBIIIOTO 3a30pa
o HKOHOMHYECKU HEI()(HEKTUBHO.

3aBUCHMOCTH e OT Hgc: Tpaduk 3aBHCHMOCTH
3¢ EKTUBHON TPOHHUIIAEMOCTH OT HANPSKEHHOCTH

IMOCTOSIHHOM COCTAaBJISAIONMICH MarHUTHOT'O ITOJISI
ITIO3BOJISACT onpe;[eJme yMCHBIJ_IeHI/Ie I/IHIIyKTI/IBHOCTI/I
MPY YBEJIMYEHUH 3HAUYCHHS TTIOCTOSIHHOTO TOKa,
mpoTekaromiero yepe3 ooMoTky. Ha Puc. 4 mokazansl
3aBUCUMOCTH e OT Hyc 7151 pa3IMIHBIX MapOK
MaTepHuasoB.

Temneparypa
Cepneunuku u3 Mo-niepmaios u pepputa
L lis BBIITYCKAIOTCS C TOHKUM H30JIMPYIOLIUM NOKPBITHEM U3
VHR RSO UNOPA ICERANET OEseinTh MOJIMITPOITWIJICHA, UMCIOIIIUM BBICOKYIO
Bonme WEPCUI HEPE CEeIN COTIPOTHUBIISIEMOCTh HEOIArONMPUATHBIM (haKTOpam
BO3JICUCTBUS OKpYXarolen cpeasl. Maas TonmuHa
F“[‘_ 1 T e wr ]'n.;,rd il ".r.'lp.r;_up_'",rﬂq.i IOKPLBITHSA IMO3BOJACT CBECTH K MUHUMYMY U3MCHCHHUC
.'I-iuﬂ“.fumupuuwlu rCOMCTPHUYCCKUX pa3MCPOB CCPACUHHUKA, IIPHU 3TOM
' o0ecrieunBaeTcs ACMCTBYIOIIEE 3HAUCHUE HATIPSIKEHHE
po0Os MeX Ty OOMOTOYHBIM MPOBOJIOM U cepaedrrkoM He MeHee 300B. MakcuManbHas OCTOSTHHAS
pabouas TeMIiepaTypa MOJUMPONUICHOBOTO MOKPhITUs cocTaBisieTr 130°C, HO momyckaercs
kpaTtkoBpemeHnHoe nosbienue 10 200°C. Bricokas pabouast TemnepaTypa He BIHsIET Ha MarHUTHBIE
CBOICTBA CEPACYHUKOB U3 Mo-niepmaios, TaK Kak
temmneparypa Kiopu cocranser oosraao 460°C.
Cepneunnku u3 Mo-niepMaiiiios He CoAepKaT
CBSI3YIOIIETO KOMITIOHEHTA, TO3TOMY HE HYXKJIalOTCS B
HCKYCCTBEHHOM cTapeHuu. Heobxonnmas mpoyHOCTh
JIOCTUTaeTCs BO3ACHCTBUEM BBHICOKOTO JaBJICHUS Ha
HNCXOOHBIC YaCTHUIIbI ITIOPOIIKA IIPH (I)OpMI/IpOBaHI/II/I {m) h-'l-u-lu'-"r'l.u_l. HH
KoJIbIIa B ipecce. [lpu aToMm obecrieunBaeTcs HaaEKHOE itz L G RS PR LT B
CLEIJICHUE MEXAY OTAEIbHBIMHU YaCTUILIAMM C
coxpaHeHueM ux obocobnenHoctu. [locnenyrommuii BH IR AITR]HFCHDIHR
00KUT CHUMAaeT U3JHILHEee HapsHKEHUE B MaTepualie u
obecrnieunBaeT TpeOyeMble MATHUTHBIC XapaKTEPUCTUKH. 4 0.0381 aiu (x2)
Cunosble Mapku peppUTOB UMEIOT TUITUYHOE T
3HayeHue Temmeparypsl Kiopu oxono 250°C, Ho
SMOKCHUJIHBIN CIIOW MEXIY ABYMsI IOJOBUHKAMH KOJIbIIA

0OBIYHO HAKJIAJBIBACT OTPaHUYCHHUE pabodei
Temmepatypsl B 150°C. Puc. 3 Fazopse: (a) Mo-nepyua o !
(B} ghepprm :

() thepporr e 1300

IloTepu B cepeyHuKe U 0OMOTKeE

ITpu ycnoBum, 4TO MOCTOSHHBIN TOK HE BBI3BIBAET HACHIILEHUS CEPJICYHUKA, TIOTEPU B HEM
ompeensroTes pa3maxoM Toka, win Al (Puc. 1). OObIuHO, TPy HETIPEPHIBHOM PEKUME PAOOTHI
npeoOpa3oBaTelis HOTepU B 0OMOTKE IPEBBIIIAIOT TOTEPH B cepaeuHuke. [lotepu B cepaeunuke u3z Mo-
NepMaIJIOs MPEBBIIAIOT MOTEPH aHATOTUYHOTO CeplieuHrKa u3 (epputa. Ilpu crangapTHBIX yCIOBUSIX
ucnbitanus (100 k', 100 MTa) TUOHYHBIE CHIIOBBIE MApKH (heppUTOB UMEIOT YPOBEHD MTOTEPH OKOJIO
100MBt/cm?, B TO BpeMs Kak MOTepH B cepaeuHnKax u3 Mo-miepmamios gocturaor 400 MBr/em®. D10
OUYEBHIHOE ITPEUMYILIECTBO (DEPPUTOB HUBEINPYETCS HEOOXOAUMOCTBIO BBEJICHUS B CEPACYHHUK BO3IyLTHOTO



3a30pa. OTHOCUTEIHHO OOJIBIION BO3IYLIHBIHN 3a30p YBEINYUBAET MOTEPU B CEPICUHUKE, O YEM OOBIYHO
3a0BIBAIOT NPU CPAaBHEHUHU NOTEPh PA3JINYHBIX MaTepHraios. [loTepu B 3a30pe 3aMETHO yBEITMUUBAIOT
COBOKYIIHBIE [TOTEPU B CEPACYHUKE U3-3a 3HAUUTEILHOIO UCKaKEHU 110JIA B 3a30pe. [Ipu aTom mHumn
MarHUTHOT'O TOJIsI MOTYT MepeceKkaTh NpoBoJa 0OMOTOK, HABOAS B HUX UPE3MEPHbIE BUXPEBbIE TOKH.
N36exaTh 3TOro MOKHO ITyTEM COOTBETCTBYIOIIETO pACIIpeIeIeHUs OOMOTOK I10 TIOBEPXHOCTH KOJIbIIa
OTHOCHUTEIIBHO 3a30Da.
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Puc. 4 Jasncuwocms nponiiaesochm om Hede Puc. 5 Jusnicicvociis Bporiiiiaesicchn om Ade spe 25° 5 75°

Ha Puc. 6 moka3aHbl cpaBHUTENbHBIE KPUBBIE MIOTEPh KOJIEI] OAMHAKOBOTO pa3mepa u3 Mo-
nepMmaiios ¢ npouuiaeMoctbio 125 (MPP125) u deppuTa ¢ 3a30pom, obecneurnBaromum 3G GeKTHBHYTO
IPOHHIIAEMOCTh, TaKXKe paBHYIO 125. B cBsI3H €O CI0KHOCTBIO U3MEPEHUS MTOTEPH Y KOJIEL MaJIbIX pa3MepoB
JUTSL DKCTIEPUMEHTOB OBLITH B3STHI 00JI€€ KPYITHBIC
KOJIbILIA.

[Tomumo BbIOOpa ceplieuHNKa, BECbMa
CYIIECTBEHHBIM SBISICTCS MPABUIBHBIN BHIOOD
00MOTOYHBIX MPOBOJIOB. TpaauliOHHAs METOAMKA
pacuéra, yuuThIBarollas INIOTHOCTh TOKA, HE BCETaa
obecrieunBaeT KOPPEKTHBIN pe3yabTar. JlomyCTUMBIHA
HarpeB MPOBOJIOB JIOJKEH OBITh OTpaHUYeH, HO BHIOOP
TUameTpa JJis HauXyAUlero cirydas OObIYHO BICUET
npUMeHeHHe OoJiee TOJICTHIX, YeM He0OX0AUMO,
npoBoioB. [loaTomy, enecoobpaszHo npegycmMaTpuBaTh
paboTy rmpu MakCUMaJIbHOM TOKE Harpy3KH B TCUCHHE
HENPOAOKUTEIHLHOTO BpEMEHH, HAIPUMED, «XOJIO0THOTO
CTapTa» WIH 3apsja MOJTHOCTIO Pa3psKEHHOTO
AKKyMYJISITOpa, YTO MO3BOJIUT UCIOJIB30BaTh TPOBOJ
ONTUMAJILHOTO JraMeTpa. [ obecrieueHnst XOpoIero
OTBO/Ia TEIJIa PEKOMEHAYETCS BBIMIOJIHATH HAMOTKY B
onuH cioi. OMHOCIOHAsS HAMOTKA 00ecreYnBacT
MUHUMAJIbHYIO MEXBUTKOBYIO EMKOCTh, UTO YMEHbBIIAET
NOTEpU NpU paboTe HAa BBICOKUX YACTOTaX, U
MUHUMAJBbHYIO BBICOTY APOCCETIS.
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Marnurnas uHaykuns, Th

Puc.t  Cpaainameibilble Capuiame i ek
nenntepr MPP i ghepptima o wasopoy
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