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1otep, Buaeokamepy, DVD-npourpesiBatens, teneBuszop 6€3 KOMITAKTHOIO M HaACXKHOro
UMITYJALCHOIO UCTOYHHUKA. K coxalleHU1o, B NocieaHNe roAn HAMETHIICA OCTpbiit TedU-
LMT JIUTEpaTyphl Ha 3Ty TeMy. BTopoe U3gaHue KHUrK B 3HAYUTENbHO CTETNIEHHU repepa-
0OTaHO U AOTIONHEHO. JIOCTYNHBIM S3BIKOM paccKasbiBaeTcst 06 OCHOBaX NpOEKTUPOBAHMSI
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ko3¢ duLmrenTa MoliHocTH. Khura Oyner nonesHa creLyarucram-paspaborymkam cuio-
. BOM TEXHUKM, CTYACHTAM BY30B, CMIeLUAIMCTAM-PEMOHTHUKAM M paIuOMOOUTENsM.
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JIMYHBIMK UMITYJILCHBIMK NpeoOpasoBaTe/iiMHi, MarHUTOIPOBOALI MOTOYHBIX M3OEaMit, Oec-
M;iaTHOE IporpaMMHoe oOecrieyeHue ISl aBTOMaTu3UpoBaHHoOI pa3pabotku: Kpome 3t10ro,
HMEKOTCA NeyaTHele MaThl B popmate Sprint Layout 3.0 Ko BceM NpakTHYeCKUM KOHCTPYKLIM-
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Kuutarenam

DTa KHMra — He y4eOHMK, He CMpaBOYHMK M HE Hay4dHO-MCCJledoBa-
TeJbcKass MoHorpadus. OHa HanucaHa MHXEHepoM-IPaKTHKOM Ha OCHO-
BaHUMU JIMHHOTO OMBITA M TPpM3BaHA NMOMOYb HEHMCKYHIEHHOMY YMTATEJIIO
IO BO3MOXHOCTH OBICTPO M HE YTOMMTEJBHO pa30o0paThCsi B NMPUHLMIIAX
padoTBl UMIIYJBCHBIX YCTPOMCTB 3JeKTPONUTAHMUS, <«BKJIIOUHTLCS» B 00-
JIJACTb IPOEKTHPOBAHUS YCTPOMCTB CHJIOBOM 3JIEKTPOHUKY.

_ HeckonbKo ciioB 00 uctopuu mnosiBieHUst «CHIOBOH 3J1eKTPOHUKH»

crnielManbHoO ISl TeX, KTO He JiepXaJl B pyKax ee neppoe u3nanHuve. Mnes Ha-
MMCaTh 3Ty KHUIY BO3HMKIA ITOCJIe NPOAOJLKUTESIbHOFO obnienns B UHTep-
HETE€ C KOJUIErOM-paguoioouTeNeM, 3aJyMaBlIMM CleJlaTb UMITYJIbCHBIM
cBapo4HbIil annapat. OHaXIbl KoJulera ¢ ocan0# Coo0LIuI, YTO [IPH OYe-
. PEOIHOM MCIBITAHUHU «CBAPOYHMUKA» Cropesl KOMIUIEKT JOPOrUX TPaAH3UCTO-
POB, Y TYT € TIPUC/IA CXeMy € MPoChOoil 06CYIHTh NCMOJIL30BAHHBIE TEX-
HUYEeCKHe pelueHHsl. TakK 3aBsi3anachb AoJras IUlofOTBOpHasi TeXHUYeCKast
MEePENUCKA, B TIPOAOJDKEHUME KOTOPOH IPUXOAWIOCH TMOPOH OTBEYaTh HA
3JIEMEHTAPHBIE, HO BCE-TAKU BaxKHble Bonpocsl. [lo3xe K nepenucke noa-
KJIIOYMJIMCH €1e HECKOJIBKO paauosioduTeneil. Bornpock soneil, XUBYLLMX
HE TO YTO B Pa3HBIX rOPOAIAX, a B pa3HBIX CTPaHaX, COBNALATH C IOPA3UTE b-
HOI TOYHOCTBIO!

IlepBoe m3nanue kHuru «Cusosast 3JieKTpOHMKA 115t TIOOUTeNeH U TIpo-
eccuonanop» [1] Beiurio B uapatennctse «Conon-Ilpecc» B 2001 rony.
BpewMmsl, npowueniiee ¢ MOMEHTa TOABIEHU KHUIM Ha MPUNTaBKax Marasu-
HOB, MOKa3a10, 4To «CHioBast 37IEKTPOHUKA» HALLUIA CBOETo YMTATeNsA, IPU-
4YeM HE TOJIBKO Cpeay padHuoNioOUTENeH, MHTEPECYIOLLUMXCSA BONpoCaMH UM-
MYJILCHOTO 3JIeKTponUTaHUs. 2KMBOI MHTEpeC K KHUre Obl TIpOsIBJIeH MPo-
(peccMOHATBHBIMU  pa3paboTUMKAMU U3JEIUN 3JIEKTPOHHOI CMIIOBOIA
npeoOpa3oBaTe/IbHOM TEXHUKW U CTYIeHTAMM TEXHMYECKHX BY30B. A TOCJIe
TOro Kak aBTop OTKpbL1 CBOM cailT [2] B UHTepHeTe, HA ero 3J1eKTpOHHLIM
ajpec OyKBaJibHO OOpPYLIMJICSI LUKBAJ CAMBIX PA3HBIX YMTATEJIbCKHUX MUCEM,
HE MCCSIKAIOLMI 10 HacTosllero MmoMeHra. Kto-1o G1arogapui «3a Hayky»,
KTO-TO CIIPAlLUMBYJI COBETA, MHBIE COXaJIeJ M O TOM, YTO Ta WJIM MHasi UHTE-
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pecHas TeMa He HalJla OTPaXEHMSI Ha cTpaHMLAX. BoT HeCKONBKO KOpOT-
KUX BBIIEPXEK U3 YUTATENHCKOM MOYTHI:

... Voce oxono 200a sawa KHuea — Ar00OUMAn U HACMONbHAA.
' Amumpuii Ilempos, 2. Open

...Knuza, & xomopyro «nuvipaw», 06biyno ymwuxawa 3axnaokamu. «Cunosas
anekmponuxka» — maxkas knuza. byoy pao eudems ee 2-e uzdanue.

Cmpuieun M. A., 2. Kpacriodap

...3anoem npovuman KHuzy npo UMHYNbCHbIE UCMOYHUKU.
Ipyoosux H.

...Xouy uckpenne nobnazolapumb aemopa: KHU2d CMANA «UHEHOPMAUUOHHBIM
© becmcennepom» ne KOMAEHCAUUU npobenoe 8 cheyuanbHelX 3HAHUAX.
Anexcandp, 2. Kues

...Cnacubo 3a knu2y u my ungopmayuio, komopyr vl 8 Hee nomecmuau. Xasnxo,
Ymo obsem mMano8am U 6ce MaKk Kpamko.
Armi

Ilpuobpen eawiy nonesnyro KHu2y, HO He Hauwiea 6 Heli HUYe20 NO Pe30OHAHCHHIM
LUCMOYHUKAM NUMAHUS.

Anexceii Xypasaee

Xoms 3 6 paduonobumenscmee U KOHCMPYUPOBAHUU UMHYAbCHbIX GAOKOE RUMAHUA

He HOBUYOK, meM He MmeHee y0aaoCb nodepnuyms koe-4mo Hoeoe. Cnacubo 3a yeuroe
nocobue ons paduonrobumeneti. '

. " Cmarnucaae Kocenko, 2. Boponexc

Bcrpeuanaces B nMcbMax U KpUTHKA, MMOpOM BecbMa xecTkasi. Bee 3T0, a
TAKXXe KaTacTpoguiecKasi HEXBaTKa BpeMeHH, JIMUIAIOIIAsl aBTOpa BO3MOX-
HOCTH OTBeYaTh OOCTOATENBbHO HA BCE YMTATE/IbCKHE NHMChbMa, MMOATOJIKHYJIA
K MBICJIM, YTO HEOOXOOAUMO MPOLOMXKUTH pa3roBOp Ha CTpaHULIaX BTOPOro
M30aHUsl KHUIY, 3HAYMTeJIbHO OOHOBJIEHHOrO W JOTIOJIHEHHOTO. -Tem Gonee
4YTO UMITYJIbCHAsA TEXHUKA, TEXHUKA COBpeMEHHOIO 3JIEKTPOITUTAHUSI BXOTUT
B c(hepy U pagUOIIOOUTENIBCKUX, U NpodheCCHOHAIbHBIX aBTOPCKUX UHTEpE-
COB, a 3HAYUT, YK€ HAKOIIUJIOCh MHOTO HOBOI'O MaTepuaja, KOTOPbIM X04eT-
Csl TIOAEJIUTHCS.

ToT, KTO XOTh pa3 CTAIKMBAJCA B XXM3HU C CUJIOBOH TEXHUKOM — B Ka-
yeCcTBe pa3paboTUMKa WIN PEMOHTHUMKA, 3HAET, YTo 3Ta 00J1aCTh 3NEKTPOHM -
KM POXIAET MAcCy KaXyllIMXCsl Hepa3peuIMMBIMM BOpocoB. CUIOBas UM-
MYJIbCHAsl TEXHMKA HE NPOLLAET OLMOOK, He IaeT BpEMEHU Ha «pa30op rno-
JIeTOB» — O[MH HEeBEPHHBIi1 1Uar, ¥ OHa cropaeTt, KaKk HOBOTOIHAA XJIONYIUKA.
31ech BHOBbL XOo4eTcsl IpMBecTH LMTaTy U3 KHMru Il. Xoposuua v Y. Xuina
[3]; «IMnyJIbCHBIE UCTOUHUKY CIOXHBI ¥ XUTPOYMHBI C TOYKH 3pEeHUs] Ha-

- »
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JexnocTH. HeobxonyMel crielivanibHble UHAYKTUBHOCTH Y TpaHcdopMaTo-
pbl. Haul coBeT — OTKaXUTeCh OT UX IPOEKTUPOBaHMS, ITOKYyNaiiTe TO, 4TO
BaM HYXHO!» [lelicTBUTENIbHO, Tapy JECATKOB JieT Ha3al 3TOT COBeT Obll
B€CbMa aKTyasieH. Terneps Xe, ¢ MOsIBJIEHUEM MPUHLMITHAJILHO HOBBIX 3JI€K-
TPOHHBIX KOMITOHEHTOB, 3aja4ya INPOEKTUPOBAHUSI UMITYJIbCHBIX MCTOYHH-
KOB YIIPOCTHJIACh HACTONBKO, YTO JIaXe paguOMOOUTEIM CMOIYT MOJYYHTh
XOpollIMe pe3ynbTaTbl B CBOEU JOMauIHel ja6opatopu. OIHAKO U MPH CO-
BPEMEHHOM YPOBHE Pa3BUTHsI CUJIOBOH 3JIEMEHTHON 0a3bl MPOEKTUPOBAHME
MMNyJILCHOTO UCTOYHHKA OCTAETCH «3ajaueil CO MHOTMMH HEU3BECTHBIMM».

JOCTaTOYHO TPYIHO MPOTEKAET 3HAKOMCTBO C UMIMYJILCHOM TEXHUKOM Y
MOJIOABIX NpOdecCHOHANbHBIX pa3paboTYMKOB. COBpeMEHHBIN CTUNB pabo-
Tbl B KOHCTPYKTOPCKUX O10pO JaéT MMHUMYM BPEMEHH MOJIOAOMY CIleLva-
JIMCTY Ha «pacKayky», Ha OCBOEHHUE IpeaMeTa paboThl, IMOYTH cpa3y 3acTaB-
JIIET «BIIPAraTbCsl» B CEPBE3HBIA INMPOM3BOACTBEHHBLIN IMpPOLECC, Cpa3y Xe
pUCOBaTh paboTaIOLIME U HANEXHBIE CXEMBI. B YCIIOBUSIX XX€ KOHKYPEHLIUH,
KOT/Ia OIBITOM IMPOCTO TaK He JeNSATCS WU, B KpaliHEM cay4ae, JEISITcs 3a
OIPENESIEHHYIO OTJiaTy, OCHOBHBIM UCTOYHMKOM IOBBILIERUS MPpOodecCcHo-
HAJIbHOTO YPOBHSI CTAHOBSITCSI KHMUTH.

[1poBens gocTaTtOuHO noapoOHOe OMGIMOrpacpUyIecKoe UCCaea0BaHue,’
aBTOP C IOpeYbl0 OTMeYaeT: OOJILUIMHCTBO OTEYECTBEHHBIX KHUT I10 CUJIO-
BOH 3JIEKTPOHMKE, U3JIAHHBIX OOJiee JecsaTKa NET Ha3al, JIMOO pacCUMTaHbI
Ha OMBbITHOTO YMTaTeJlsl, MO0 MOTEPSUIM aKTyanbHOCTb. CBENEHUS, CONEp-
XallMecss B HUX, KakK MpaBWO, TPYAHbI JUISI MOHUMaHUS HA4YMHAIOLLMMM
pa3pabO0TYMKAMU M paguonioouTenssMiu. UHOCTpaHHbIE U3/IaHUSI B 3TOM OT-
HOWIEHMWHU BBIJISSANAT Jly4llie, HO JaJIEKO HE BCE CMOIYT MX pa3biCKaTh, JaJIEKO
HE BCE€ BNaaciOT MHOCTPAHHBIMH SA3bIKAMU.

OnHako Henb3sl cKa3aTbh, YTO COBPEMEHHasl OT€YECTBEHHAsi TEXHUYe-
cKasl 1MTepaTtypa OOXOIUT CTOPOHOMN 00J1aCTh CUNIOBON 3JIEKTPOHMKH. Jlyu-
1ee COBpeMeHHOe OTedecTBeHHOe u3nanue [4], Boienuee B 2000 rony, K
COXa/IEeHUIO, CTPAlacT TEMH Xe «DOoNsYKaMM», KOTOPbIMU CTpagaloT KHUTH
10—20-1eTHeit AaBHOCTU: OCHOBHOE BHUMAaHME YAEJSETCS IPOEKTUpPOBa-
HMIO HA OCHOBE MOLLHBIX OUIOIsSIpHBLIX TpaH3ucTopoB. Ho B LenoM no ctu- -
JIIO M3JI0XKEeHUS KHUTra 3acjly>XMBaeT BHUMaHUsI COBPEMEHHOTIO YU TaTEIs.

OyeHb MHOTO aKTYaJIbHbIX MMy0OJIMKALIMI, KAK YHCTO TEOPETUYECKUX, TAK
- ¥ PEKOMEHIYIOUUX FOTOBbIE IU1S1 TIOBTOPEHUSA KOHCTPYKLIMH, «PacChillaHO»
B Ipo(eCCUOHANBHBIX U pafiloIIOOUTENbCKUX XypHaiax. KoHeyHo, Xyp-
HaJbHble NYONMKALIMU HE CIMIIKOM YJIOOHBI B OBICTPOM COBPEMEHHOM
MHpE — OHM HMMEIOT CBOMCTBO «IMPOXOAUTbL», 3a0bIBATHECS, H TIOTOM CTOUT
3aTpaTUTb HEMAJIO YCHJIM#, YTOOBl HAMTH HYKHYIO cTarbio. CTOJKHYBLIMCH
C TIONOOHBIMK MpObNEeMaMH, aBTOPY HUYErO HE OCTABAIOCH, KAK HanucaTh
COOCTBEHHYIO KHUTY, B KOTOPO# cOOpaTh MepeIoBO MUPOBOM ONBIT pa3pa-
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OOTKM CHJIOBOI 3JIEKTPOHHON TEXHUKHU, B KAKOW-TO Mepe CHSITh IMpobieMy
Je(ULMTa aKTyallbHOM IuTepatypsl. B KHUre, KpoMe Toro, yaanoch romec-
TUTb MHOTO MOJIE3HEIX CTMIELUANIBHBLIX CBEACHUI, KOTOpBIE €Ba JIH MOXHO
Ha¥iTu B yyeOHMKAaX.

JlyduiMMm M3naHueM MpOLUIBIX JieT, MOCBSIUEHHBIM MPOEKTUPOBAHMIO
MMIYJIbCHBIX UCTOYHMKOB, aBTOp M MO ceil JeHb cuuTaet, KHUTY [5]. Ona
Obuta u3naHa B 1985 rogy M 3a npolueniiMe roAsl BO MHOTOM He MOoTepsi-
Jla cBOeil akTyalbHOCTU. M3 KHMI, B KOTOpPBIX JOCTYIHBIM SI3LIKOM H3J10-
XeHa TeOopusl IMOJIEBbIX IPUOOPOB, Ha B3rJIsi aBTOpa, JYYLUMM OCTAeTCs
u3fgaHue [6], nepeBeneHHOe HA PYCCKUi 513bIK B 1985 romy. Bo3aMOXHOCTE
paboTthl B cetd MHTepHEeT OTKpbiBaeT Misl pamuonmoduteneil U npodec-
CHOHAJIOB 1UMPOKHE BO3MOXHOCTH MH(POPMALUMOHHOIO Toucka. bonb-
LMHCTBO BEAYLIMX MMPOBBIX (PMPM MMEET CEpPBEpPHI, II€ MOXHO OecruiaT-
HO «CKayaTb» MH(popMaLHrIO B 3JeKTpOHHOM BUAe. PaboTaior Takxe cere-
Bble KOH(EpEeHMH, B pPaMKaX KOTOPbIX BO3MOXHO 3arpocTO noooiluaThes
C KOJUIETaMM.

~Paborast Hag 3TOI1 KHUTOM, aBTOP CTPEMWJICS TIOCTPOMThL MaTepual Tak,
4YTOOBLI ObLIO MHTEPECHO M pAIHUOIIOOUTESNIIM, UMEIOLLIUM HEOOJIbUION npak-
THUYECKHUI1 OMbIT, U NMpodeCCHOHANTBHBIM pa3paboTuukaM. Teopus 3nech Te-
pEMEXAaeTcsl C NMPaKTUYECKUMM KOHCTPYKLMSIMM, JOCTYIIHBIMH [UIS1 TTIOBTO-
peHHs B JOMAUIHHUX YCIIOBHUSAX. ABTOP NPHAOXUI BCE YCUNUA K TOMY, YTODBI
TeopeTHYecKasi YaCTh He Ka3ajach CJIMIUKOM CJIOXKHOI, HO TOJHOCTBIO OT-
Ka3biBaTbCsl OT MaTeMaThdecKHX (popMyn, rpa(pHKoB, aHATUTHYECKUX pac-
CYXJIEHHMIM — 3HAYUT OCTAaBUTh 3aKOHbI CUJIOBOM 3NIEKTPOHHON TEXHUKHU 101
3aBecoil TalHbl. KOHEeYHO, HM OIHA KHMUIA He CMOXET JaTh BCEOOBLEMIIIO-
L[Me 3HaHHUS MO KAaYeCTBEHHOMY MHXE€HEPHOMY MPOEKTUPOBAHMUIO, HO aB-
TOP HAJeeTCsl, YTO EMY YAACTCsI XOTSA Obl HEMHOIO NPUOTKPHITh 151 YUTaTe-
JIs1 3Ty 3aBeCy TaWHbl HAJX NAOUPMHTAMHM CHIIOBOU 3JIEKTPOHUKH.

b. 10. Cemenoe
Mapm 2005 a.
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HoBasi anemeHTHas 6a3a n nepcnekTnBsbl €e NpuMeHeHns!
rpu KOHCTPYNPOBAHNN N3 4EJTMA CUII0BOM 3J/1€EKTPOHNKNA

Xomenocs 6bi noayyums cmamsr) 0aa Hawezo McypHana <«Inekmpudeckoe
numaxue», NelimmMomueoM KOmMopou npo3gyHum OnuUcanue nymet pa3gumus ycmpolicme
cunoeoli anexkmporuku 6 XXI eexe. Camoe noxoOauwiee Hazearue K 3mol cmamoe:
«Cxemomexrnuxa XXI eexa — noumu demcKuii KOHCMpPYKmop».

I. B. Cyukoe, eraenbiii pe&alcmop

NMeHHO ¢ Takoil npOChOLBI IIABHOIO peJakKTOpa HayYHO-TEXHHYECKOIO
XypHaJsia, OOpailleHHOM B aJpec aBTOpa, U XOUeTCsl HauyaTb IMEPBYIO IV1aBY
KHUIU. JleliCTBUTENBbHO, B HECKOJbKHUX CJIOBax IMpeJUIOXKEHHOTO Ha3BaHMUS
. €MKO YMECTWJIMCh BCE TNPMHLUMIIbLI CETOAHAUIHErO KOHCTPYMPQBAHUA YCT-
pOMCTB CHMNOBON TeXHUKHU [7]. OG0 BcemM 3TOM MBI MOrOBOPUM C YHTaTe-
JIEM ~— T10Ka B O0LIMX YepTax, oluMcaTesibHO, IMogpobHee, CO cxeMaMu, ¢op-
MYJaMH, NIPAKTUYECKUMH KOHCTPYKLIMAMU — B TTOCHEAYIOLIMX ITlaBax.

IToMHMTCA, ellle B CTyJeHYECKME ro/ibl HA pazloTeXHHUUYECKUX JIEKLUSX
HaM JOCTaTOYHO MHOTO pacCKa3blBajM O IepCIreKTUBaX pa3BUTHSA 3JE€KTpO-
HUKHM B OJvxaiiline aecAatuietHs. OcobeHHO 3alIOMHUNCA HapUCOBaHHHBIH
olHaxabl fpapMK, oTpaxawlHii JMHAMMKY 3TOro rnpolecca. Tak, cornacHo
OOLLIEMUPOBBIM MMPOrHO3aM 3KCIEepPTOB, B 00/1aCTH pa3paboTKU H IIPOU3BO/I-
CTBa JI00OM 3JIEKTPOHHOM TEXHMKM BO3PACTAET AOJIsi, NMPUXOMSILasics Ha
3JIEKTPOPaTUO3NIEMEHTBI (PE3MCTOPLI, KOHAEHCATOPHl, AUO/bl, TPAaH3UCTO-
Pbl, MUKpPOCXEMBI), Ha 3TU caMble «KUPIHUYUKHM» 3NIEKTPOHHBIX cxeM. CooT-
BETCTBEHHO, I1aJal0T 0ObeMbI CXeMOTEXHHUYECKUX paboT. OOGbeMBbl, IPHUXO-
Js1IMecs: Ha pa3paboTKy KOMIUIEKTYIOIMX, yXe B NepBoi ueTBeptH XXI
BeKa JOJIXXHBEI cocTaBUTh Nnopsinka 90% ot Bcex 3aTpart, INOJydyaeMbIX B IPO-
Lecce CO3AaHus INEKTPOHHOro ufenus. Yro xe octaercst Ha gomo 10 npo-
neHToB? To, 4yeM Tak J100AT 3aHUMATHCA M PAAUONIOOUTENHN, U TIpodeccHO-
HaJIbHBIE MHXXEHEpPbI-pa3paboTYUKH, a UMEHHO: BEIOOD MOAXO/SIIIUX KOM-
INEKTYIOUMX, [PaBIJIbHOE MX COEAMHEHME B E€OUHYI0 CXEMY, OTNAIKa,
KOHCTPYHMPOBAHHUE H... 3NIEKTPOHHBIN Npubop rotos! KTo MOXeT nocrnoputh
C TEM, YTO BCErJa HHTepeCHO paboTaTb HA OCHOBE TAKUX «KUPITUUUKOB», HE
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CIIMLLUKOM 3aLyMbIBasiCb 00 MX MUKPOCKOIIHYECKON HAYUHKE U TEXHOJIOTUM
[IPOU3BOJICTBA.

Tenaenums K cokpaieHHIO 00bEMOB CXEMOTEXHHYECKMX pabOT HabJII0-
JaeTcst MpakTHYecku BO BCeX 00nacTsX NMpodeCCHOHATBLHON pa3paboTKu
3NIEKTPOHHBIX IPUOOPOB; OyNb TO TEXHUKA CBSI3W, KOMIIBYOTEPHAst, MH(OP-
MaLUMOHHO-YTIpaBislowasl, U3MepUTeabHass WM KOHTpOsabHas. Pamuonto-
OUTENM TAKXKE CTPEMSITCS COKPATHTH CBOM TPYIOBBIE 3aTpaTbl, NPUMEHSS
[OTOBbIE «KUPNUUYMKH»>. SIpKUII TOMY MPUMEP — CTPEMMTEJIBHO pactyuasi
MOMNyJAPHOCTDL [POrPaMMUPYEMBIX MHKPOKOHTPOJIIEPOB.

MoxHO TakXe CKa3aTb, YTO CWIOBast JIEKTPOHUKA HE OCTAeTCs B CTO-
poHe OT 0DieMHpPOBLIX npoueccoB. IlpaBaa, B pa3Hbix €e HanpaBACHMUSIX
pa3Has curyauusi. Haubonee cepbe3sHON yHU(pHMKAUMK HOABEPTJACh -
MEHTHast ©a3a uCTOUHMKOB InexTponutanus (MB3I1) manoil mounoctn
" (eIMHMLBI U JECATKM BaTT), HECKONBbKO XYXE [eJI0 OOCTOMT B OONacTh
HUB3I1 ¢ MOmHOCTAMM B COTHHM BaTT. MOIIHbIE K€ UCTOUHMUKH TMUTAHUSA
(MOLIHOCTL Oonee KMNOBaTTa) U CEroaHs, Kak NpaBuiio, NPEACTaBAsSIOT CO-
00 NOBONBHO CHOXHBIE YHUKANbHbIE KOHCTPYKLIMH, TpeOyIOUIMEe UHIAWBU -
NyajlbHOro rnoaxona K pazpabotke. Ytobb1 06eCrieumTh XOpowKe fapaMeTphbl
TAaKMX UCTOYHUKOB, HEOOXOAMMA JeTajibHAasl NpOopaboTKa HE TOJILKO 3JIEK-
TPOHHBIX CXEM, HO TaKXe Yy4E€T B3aUMHOIO pacIlOJIOXKEHUS 3JIEMEHTOB,
CEPbE3HOE MpeABAPHUTEIbHOE MAKETHPOBaHKE, pa3HOOOPa3HbIE€ UCTIBLITAHMSI.
HApyrumu cnopamu, moiuHble VIBOI1 npencraensior coboit Kiacc 31ek-
TPOHHBIX YCTPO¥MCTB C HETPAAMLIMOHHBIM MOAXOAOM K CXeMOTEXHUKE. Tem
HE MEHee M 3[IeCh B MocjiefHee BpeMs MpenrpuHUMAlOTCS ONpeacsieHHbIE
YCICUIHbIE MMONBITKH MO CO3MaHMIO YHU(PULIMPOBAHHOMN 3JIEMEHTHOM 0a3sbl,
THIIOBBIX CXEMHbBIX peLIeHHI — 10 pa3pabOTKe BCE TEX XK€ «KUPIMTUUYHUKOB»...

Kak nokaseiBaeT MHOroJlIeTHHIH OINBIT, B HAHOONbUIEH CTETIeHU U Ipo-
deccUoHaNOB, U paaHOJIIOOUTENE il MHTEPECYIOT UCTOYHMKHU MU TAHUSA MAJION
MOILIHOCTH, MMEHHO OHHU NOTpebnasioTCs pa3paboTyuKaMU 3JIEKTPOHHOU
TeXHUKU Oosniee apyrux. Tpamunmonnble manoMouinbie MB3I1, xotopsie
Oonee MoJlyBeKa MPUMEHSIOTCS JUIS MUTAHMS 31IEKTPOHHOM TEXHUKH, TIpe-
JIESIBHO TIPOCTHl. B OoCcHOBE HMX JIEXMUT TpaHChOpPMATOP, paCCYMTAHHLIA Ha
MPOMBILJIEHHYIO YacTOTy nurarouleii ceT 50 ', nMOAHBIA BHINPAMUTEND,
PEryJIMpyIoLIMii aeMeHT (co cxemoii cTabuim3anun uwin 6e3 Hee) u GWILTP
CETEBBIX MyJbcalMii (MHOYKTUBHO-€MKOCTHOM WJIM €MKOCTHO#). JlecsiTok
3JIEeMEHTOB — COOCTBEHHO, BOT W BCE, YTO HYXXHO IJISi TAKOrO MCTOYHMKA.
Otciona BHICOKasi HANEXHOCTh U npocTota peMoHTa. Ho BMecte ¢ TeM He
CTOUT 3a0bIBATHL O MHOXECTBE HEAOCTATKOB, CPeN KOTOPLIX: OOJIblilasi Mac-
ca, 3HaYMTEeNbHbIE rA0apUTHl, HU3KMK KO(D(PULUEHT NOJNIE3HOro ACHCTBUA
(KITHO). Tem ne menee UBIII na ocHose HENpepbIBHOIO NpYHLMIIA cTabK-
JIM3aLMM TIPOAO/IKAIOT IHMPOKO MCITONB30BATbCS KAK B NPOMBIIIEHHOM,
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- TakK U B OBITOBOM anmnapartype. TeMaruyeckoe HallpaBjeHUE 3TOM KHUTH Jie-
JKMT B CTOPOHE OT paCCMOTPEHMUSI HEMPEPBIBHBIX CTAOUIU3AaTOPOB HaIpsXe-
HMs1, ITOCKOJBKY IUTepaTypa 00 UX yCTPONCTBE U ROVHLIMIIAX paSoThl MMe-
€TCSI B IOCTATOYHOM KOJIMYECTBE. 2Kenalonme IMo3HaKOMUTLCA ¢ OCHOBaAaMM
. MOTyT 0OpaTUTBCH, HanpUMep, K KHure [8].

B 60-x rr. XX BeKa Ha pBIHKE BTOPMYHbIX UCTOUHNKOB TTMTAHMUS TOSIBU-
JIMCb MMNYAbCHbIE CTAOMIU3aTOpHI, paboTaloniMe Ha BBICOKMX YacTOTax
npeo6pasopanusi aHeprun (10 xI'u u 6onee) u obnangaroiye nyyuIMMu MNo-
Ka3aTeJIiIMHM B OTHOIUEHMH Macchl, rabaputos, KI1J1. OcHOBHas «U3IOMUH-
Ka» B HUX 3aKJII04aeTCsi B TOM, YTO UX 3JIEMEHTHI pabOTAIOT HE B HETIPEPHIB-
HOM, @ B TaK Ha3bIBAEMOM K/II0YEBOM pPEXHUME,. YTO MTO3BOJSAET 3HAUMTEJILHO
YMEHBIUUTH pa3Mepbl MHAYKTUBHBIX, EMKOCTHBIX M OXJIaXKHaloLHX COCTaB-
HbIX yacteit UBOTI. O6 3ToM MBI Oyae€M roBOpUTH MO XOAy Halieid KHUTH
MOApPOOHO. .

[Inatoit 3a MpeuMylleCTBO MUMITYJIbCHHIX MCTOYHHUKOB IIMUTaHHUSI CTaJIO
YCIIO)KHEHHUE CXeM MX MOCTPOECHMS, YTO NMPUBEIO K YMEHBILIECHMIO TOKA3aTe-
Jiel FafeXHOCTH, YBCJIUYMIIO CTOUMOCTL. BHISIBUIOCH TAKXKE€ HECOBEPLUIEH-
CTBO CYLLIECTBOBABUIEI HA TOT MOMEHT 3JIEMEHTHOIi 6a3bl — 1O CBOUM Xa-
paKTEepPHCTHKAM OHA MPpOCTO HE MOCIMeBaa 3a CXeMOTEXHUYECKUMM Mpeio-
XEeHUSIMH. JlMonbl M TPAH3UCTOPH OKAa3aJMUCh CJAMUIKOM <«MENJIEHHBIMHU»,
CUJIBHO IPeJIMCh U YACTO BBHIXOIMAHU U3 cTposi. OrpaHUYEeHHAsi HOMEHKJIATY-
pa bonee-MeHee NOAXOAALLMX «KUPITUYUKOB» TAKXE CTECHAa pa3paboTum-
KOB. ¥IMeHHO yKa3aHHble OOCTOSITE/ILCTBA MOPOAMAM OOJIBLIOE KOJTUYECTBO
«3arpy>XeHHbIX» MIMHHBIMM (HOpPMYJaMU KHUI O CXEMOTEXHUKE TaKHX
NB3I1. 310 He yIMBUTEIBHO: MHXEHEPAM IMPUXOIUNOCH ITYCKATbCs Ha pa3-
Hble YXULIPEHMS, YTOOB! PELUMTL MOCTABNEHHBIE 3a8aUH, YIYYLIUTDb 3P PeK-
TUBHOCTb MU HaJE€XHOCTbD.

IlpuMmepHoO fnecsaTuiieTHE Ha3al Ha pblHKE KOMITOHEHTOB CUJIOBOM 3N€K-
TPOHUKH MPOU3OLLTIA PEBOMIOLMUS, BOIUIOTUBLIAS B XWU3Hb CaMbI€ CMEJIBIC
uaeu pa3pabotunkoB 60-x rogos. Beayuime MupoBbie (UpMBI HaYyaaiu Mac-
COBBII1 BBIMYCK KOMIUIEKTYIOLIMX, TI0O CBOMM CBONCTBAM IIPHOIMXAIOLIMXCS
K uneanpHbIM. TTogBuUnMCh CrieLiMabHbIE MMAYJILCHBIE THOIbI C MAJIBLIM BpeE-
ME€HEM OOpaTHOTO BOCCTAaHOBJIEHUSI, YTIPaBJsieMbie NOJYNPOBONHHKOBLIE
kmoun (rpaH3uctopel MOSFET u IGBT), cuioBble noJjiynpoBOAHHKOBBIE
MONYJIM, BKJIIOYAlOILME B ce0sl HECKONBKO COIJIaCOBAHHBIX [0 3JIEKTpUYE-
CKMM CBOMCTBAM KJIIOYEBHIX M HeylpaBnsieMbIX (BCIIOMOTaTeNIbHBIX) 3Je-
MEHTOB, IpaiBepnl 1J1s1 yIIPABJIEHUS CHJIOBBIMM KJIIOYaMM, 3JIEMEHTHI 321U~
Thl OT ONACHBIX NEPEHANPSKEeHHH, MUKPOCXEMBI YIPABJIEHUSI UCTOUHUKAMU
3JIEKTPOIMTaHUsI, KOMOMHHUPOBAaHHBIE MUKPOCXEMEI, BKIIOYalOIIUE B ceOsl
CUIOBBIE 3JIEMEHTHI M yIIpaBJiEHME.

CpaBHUTENBHO KOBHIMHM YCTPOICTBAMM, BBITTOJJHEHHBIMU B UHTErPasib-
HOM MCITOJIHEHUM, SBJISIOTCS IMOSIBUBLIMECS HA PBHIHKE KOPPEKTOPbI K03()-
¢HuMEeHTa MOLIHOCTH C UMITYJTbCHBIM TIPUHIIMIIOM JIEMCTBUS, 3NEKTPOHHbIE
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OannactTbl 1S MPOIJIEHUS] CPOKA CJIYXObl ra30pa3psifiHBIX JIaMIT JHEBHOTO
ceera (JIAC), npeoOpa3osaTenm ns yNpaBieHns 3J1eKTPOIBUIaTeIsIMK C pa3-
JIMYHBIMM NPUHLMIIAMU AeicTBUS (ITpeoOpa3oBateld i 3JIEKTPOIIPUBO-
J1a), UHTEJUIEKTYyalbHBIE UMIYJILCHBIC 3apsiHbIe YCTPOWCTBA U1 aKKyMYJlsI-
TOpHBIX OaTapeil. HectaHmapTHOE MCMOAB30OBaHME CUJIOBLIX MMITYJILCHBIX
YCTPOMCTB yX€ ceHyac B 3HAYUTENBHON CTENEHU 3KOHOMMT 3JIEKTPOIHEP-
THIO. _ e

Kak ¥ B npexHHUe BpeMeHa, OCTAETCA OTKPBHITHIM BOIMPOC IPUMEHEHMS
rOTOBLIX HHAYKTUBHBIX aN1€MeHTOB. B noparnsioieM 0o0JIbLUMHCTBE CNyYyaeB
X TIPMXOJANTCsl pa3pabaTbiBaTh MHAUBUAYAJIBHO O] KaXIyl0 CXeMy, a 3a-

- TeM M3rotaBnuBath. Ho, K Cc4acThlo, COCTABHBIE YACTH ITUX HU3NENUI BbI-
MyCKAal0TCSl B IOCTAaTOYHOM accoptumMeHTte. Hekoropeie u3genusi, Kak, Ha-
NnpuMep, (PUIBTPbl PAIMONOMEX, YK€ CErOMIHsI MPOAAITCS B BUAE T'OTOBHIX
MOZYJIEM. '

B paMkax 3TOH KHUFH HEBO3MOXHO OXBAaTUTh BCE, YTO BKJIIOYAET CUIIO-
Bast 3JieKTpOHMKA. [103TOMY OCHOBHOE HAallle BHUMaHMUe OYyIET YIEJIEHO
cTa0Wwm3aTropaM M npeodpa3oBaTesiiM HanpsuKeHuA. JIns HUX pa3paboTaHO
OYE€Hb MHOrO MUKPOCXEM, BKJIHOYAIOLLMX B CE0A, KaK yX€ OBbUJIO CKa3aHO,
NOJIHOLIEHHBIE CXE€Mbl YIIPABJICHUA C 3JIEMEHTAMH O0OpaTHOW CBSI3U, CUIIO-
BbIMU KJIIOYAMM, CXEMAMHU 3alIUThl OT MEePErpy30K U KOPOTKMX 3aMBIKAHHUH
(K3). Taxue MuUKpocxembl MCIOJIL30BATh OUE€Hb MPOCTO — JAOCTAaTOUHO,
ciienysl peKOMEHIAUUAM [MPOU3BONUTENS, MOAKNIOUMTL HECKOJILKO HaBec-
HbIX 2JIEMEHTOB. Kak noka3biBaeT aHaniu3 3jieMeHTHOH 0a3bl, CTAOUIN3aTOD
C BBIXOIHBIM TOKOM 0 5 A OOBIUHO COAEPXMT UHTErPAbHBIN KIIIOUEBOM
3JIEMEHT, 4 B MUCNOJIHEHUAX HA 00JIe€ BbICOKME TOKM MPUXOOUTCHA MNpeay-
CMaTpPUBaTb BHEUIHUE CHJIOBHIE KJIIOUM.

Jlaxe HauMHaloLMe paguol0OUTENIM 3HAIOT, UTO HANPSIXXeHUE MUTAHUS
PaaMO3JIEKTPOHHBIX YCTPOUCTB BHIOMPAETCSI HE MPOU3BOJBHO, @ MPUBOIUT-
csl (KaK TpaBHJIO) K CTaHAApTHOMY 3HauyeHU1o U3 psna: 3,3; 5,0; 9,0; 12,0;
15,0; 18,0; 24,0; 27,0; 30,0 u 1. n. 3HasA 3TO, MPOUIBOJAUTENMU IJIEMEHTHOM

- 0a3bl BBHITYCKAIOT rOTOBbIE UMITYJIbCHBIE CTaOMIM3ATOPBI C pa3HbIMM MOLII-
HOCTSIMM, pa3HbIMH KOMOWHALMAMH HanpspkeHUM. Paspabotuuky 3Jiek-

TPOHHOTO MNpUbOpa OCTaeTcsl TONbKO BbIOpaTh IMOAXOJALIEE MCIIONHEHUE.
MHorna TpebyeTcst UMeTh PeryJMpyeMblii MCTOYHUK TIMTAHUA MU JUCTAH-
LIMOHHO BKIIO4aeMbIH. B TaKoM ciiyyae TOXe HECJI0XKHO INoA00paTh MHKpPO-
CXEMY C COOTBETCTBYIOLUMM (PyHKLMOHATBHBIM Ha3HAYEHUEM.

Pa3pabotaHbl U MacCOBO MPOMU3BOAATCS MMKPOCXEMBbl yIIpaBIeHMUs IS

BCEX UIMPOKO M3BECTHLIX UMITYJILCHBIX CX€EM CTA0OMJIU3AaTOPOB U Npeobpa3o-
BaTeje: nonmxkawmux («buck converter», «yonmep»), NOBLILAKIMUX
(«boost converter», «0ycTep»), UHBEpTUpYIOLIMX («buck-boost converters),
npamoxonosbix («forward converter»), o6parnoxonosuix («flyback
converter», «pyan-03k») OAHOTAKTHBLIX CTAOMNIU3AaTOPOB M TNpeobpa3oBate-

neii; npyxdasnsix («push-pull», «nyu-nyn»), noxymocrosbix («half-bridge»),
nonHoMOCTOBbIX («full bridge») nByXTakTHBIX KOHBepPTOpPOB. BcTpeuarorcs
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TAKXE UHTEPECHBIE BUIIbI MUKPOCXEM, KOTOpPble MOT'YT OBbITh MCIIOJIb30BaHbI
B J1IOOOM BKAIOYEHUHU. BCe nepeuncIeHHbBIE UMIMYJIHLCHBIE CXEMbI MBI J1aJI€e
oapoOHO pacCMOTPUM.

OrpoMHOi#i TpobneMoii 1O HACTOSLIEro BpeMEHHU OBl BLIOOP XOpoLIero
CHJIOBOTO KJIIOHEBOTO 3JleMeHTa. bunonspHete TpaH3MCTOPH TpebOBaIH 111
CBOEro ynpasJieHUs1 OONbIUME 3aTpaThl 3HEPIHUMH, HE TO3BOJSIU MTOBBICUTD
paboune yactotel. CerogHs OT OMIMONSIPHBIX MOXHO CMEJIO OTKa3aThCs B
noik3y nonesuix TpaH3uctopoB MOSFET u KoMOMHMPOBAHHBIX OMIIONSIP-
HO-1noJIeBLIX TpaH3MCTOpOB IGBT. B 3HauuTeNnbHOI cTEMeHM Bce Xe, Kak
Mbl Jlajiee YBUIUM, 3THM CJIOBa OTHOCSITCSI K TIpMMeHeHHI0 B coctase MBOTT
tpaH3uctopoB MOSFET, nmockonbky Tpan3uctopbl IGBT no uenomy psny
MPUYUH MPEANOUTUTENBHEE UCIONL30OBATh U1 CXEM YIIPaBJICHUS 3JIEKTPO-
npuBoaoM. KMTak, TpaH3UCTOPBI C MOJIEBLIM YIIpaBJIeKUEM CEroliHs 3aciy-
XXKEHHO 3aHUMAIOT €BOE MECTO B Ka4eCTBE OQHOTO M3 OCHOBHBIX «KUPIIMYU-
KOB» CWJIOBOHM 3/IEKTPOHUKM. YBbI, 3TH NMPUOOPH! IOCTATOYHO OTPHIBOYHO
OMNMMUCaHbI B PyCCKOA3BIYHOM TEXHUYECKOH JIUTEPATYPE, MOITOMY 06 OCOOEH -
HOCTSIX pMMeHeHus TpaH3uctopoB MOSFET u IGBT mbl GyieM ewie MHO-
TO FTOBOPUTb. , g ‘

Jpyrasi npobaema, 6eCriOKOMBILASA WHXXEHEPOB MHOTME roibli, — Mpo-
Onema ynpaBieHUsI KJIIOYEBBIMHU 3JIEMEHTAMM. BUNOJIsipHbBIE TPAH3UCTOPHI,
KaK TIpUOOPbl C TOKOBBLIM YIIPAaBJI€HHUEM, TpeOYIOT 3HAYMTENbHBIX 3aTpaT
3HEPruM Ha CBOE yrnpasieHHe. Kpome Toro, TpaaiMLIMOHHASA CXEMOTEXHMKA
MCTOUYHUKOB MUTAHUS HE BCEraa ro3possya MpOCTbIMUA METOAAMU COrNaco-
BaTh NOTEHLIMANbLI CXeMbl YIIPABJCHHUS M 3NIEKTPONOB Kitoya. OObIYHO TIpo-
GnemMa peluanach NIPMMEHEHUEM KallpM3HbIX pa3Bsi3biBaloLIMX TpaHc(popma-
TOpOB. CerofiHsl «Ha MOTOK» IOCTaBJCHO IMPOM3BOACTBO TAK Ha3LIBAEMbIX
JpaiBepHbIX MHKPOCXEM M MOIYJIbHBIX JPAHBEPOB, HA KOTOPbLIE MOXHO MO1a-
BaTb JIOTMYECKMI CUTHAJ CO CXEMbI YIpaBieHMsl, MOJAKIIOUMB BHIXOJbI K
YIpaBJAIOLIMM 3J€KTpodaM KJikodeil. JlpaliBep ycTpoeH TaK, 4TO OH caM
«pa30epeTcsl» ¢ MOTEHLMAIaMH CHMTHAJIOB, 4 TAKXE HE [IO3BOJIMT HaIpsiKe-
HMIO Ha YIpaBIsIOLIMX 3JIEKTPONax BhIITH 3a Ge3onacHble ypoBHU. JpaiiBe-
pbl OOBIYHO UMEIOT JOIMOJIHUTENBHBIE BXOAbI 3aLLUTHOTO OTKJIIOYEHUS, fIpH
MTOMOILLM KOTOPBIX MOXHO JOCTaTOYHO NMPOCTHIMM METQAAMH peaM30BaTh
3allMTY YCTpoicTBa ot neperpy3ok U K3. Hekoropwie npaiiBepsl, npeaHa-
3HayeHHbIE UISI paboThi B NOJIYMOCTOBBIX M MOCTOBBIX CXEMax, HMMEIOT
BCTPOEHHBIN y3es1 (POpMHPOBaHHMS 3allIMTHOM MNay3bl («dead time», «MepTBOE
BpEMSsi») IMPU TIEPEKIIIOYEHUU CUJIOBLIX 3JIEMEHTOB.

Tax kak npaiiBepHble 3JIEMEHTHI SIBNSIIOTCSI CPAaBHUTEIBHO MOJIOBIM Ha-
NpaBieHUEM pPa3pabOTKH «KUPIIMYMKOB» CHNOBOI 3JIEKTPOHUKM, B MMPE
paboTtaeT He Tak MHOro ¢pupM, KOTopbie 3aHATH 3TUM. M3 HaubGonee u3-
BECTHBIX ciieayeT Ha3sath (pMpmbl International Rectifier (IR), Motorola,
Concept. KoHeuHO, ApaiiBepbl MOXXHO COOpaTh U Ha «PAaCCHIITHBIX» 3JIEMEH-
TaxX, HO TOTOBBIE MOJIyJIM MU MUKpPOCXEeMbl Bce Goiiee U 00jiee MONyJsipHbI Yy
NMpO(ECCHOHANIbHBIX Pa3pabOTUYUKOB M paguoniodureneit, UX CTOMMOCTb
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CTPEMUTEJBHO CHHUXaeTCsl. K COXaleHUI0, OTEUYECTBEHHBIE JpalBEpHbBIC
MHUKPOCXeMbI Ha pbIHKE OTCYTCTBYIOT — OHHM NMpPOCTO He pa3paboranbl. Kak
CIIpaBeJIMBO OTMEYAETCS BEAYILUMMM CrneuMalucTaMu-pa3paboTynKaMu
MBOI1 B cTtatbe 0 nepcrieKTHBax OTEUECTBEHHOM 3JIeMEHTHOH 0asbl [9],
«CO3/1aHNEe OTE€YECTBEHHBIX ApaMBEpPOB — HAaCylllHasi, Ha3peslluast MoTped-
HOCTb». Kakue.ObiBalOT ApaliBEpbl, KAK UX MCIIOJIb30BATh B KOHKPETHBIX
CXeMax — TEeMa COOTBETCTBYIOLLErO pa3/esia Halel KHUIH.

‘JI1o60€ u3aenue CUIOBOM 3NEKTPOHUKH COAEPXKHUT B CBOEM COCTABE IMO-
JIYITPOBOAHMKOBEIE nuoabl. Jlaneko He BCSAKWH nuoA, BEIOpaHHBII U3 KaTa-
JIOra rno 3Ha4eHUI0 JONYCTUMOIO TOKA, MOAOMAET ISl UCMOJIL30BAHUS B UM~
IyJILCHBIX CXE€MaX. OTU «KMPITUUHMKHU», UCIIOJIb3yEMbIE€ B BLICOKOYACTOTHbIX
LEMNsAX, NOJDKHBI 0051anaTh 0COOBIMHU BEHTHJIBHBIMM CBOMCTBAMM, TO €CTb
OBICTPO «OTKPHBIBATLCSI» M OBICTPO «3aKPHIBATLCS». [IperMyiliecTBa OBICTPBIX
mnonos HEXFRED, npoussoauMbix IR, oueBunHbI 1181 mpopeCCHOHANIOB U
IAXe panuosioouTesieil: MpU JOCTATOYHO OOJIBLIMX JOMYCKAEMbIX TOKAX
AHOBLI 001a0a10T BpEMEHEM OOPAaTHOrO BOCCTAHOBJEHHS B HECATKU HAHO-
CEeKYH[1. 311eCh XX€ YMECTHO YIIoMsiHyTb nuoant HIOTTKH, KOTOpBIE pEKOMEH-
NYETCSsl IPUMEHSITh B HU3KOBOJILTHBIX CXeMax [Uisl noBbilieHUst ux KI1JI u
owicTponeiictBus. HomeHknatypa ObICTphIX AM0A0B U auoaos ILIorTku or-
POMHa — pa3pabOTYUKY OCTAETCS TOJIBKO BbBIOpaATh 3JIEMEHT, PYKOBOJACTBY-
SICh 3apaHee paccuuTaHHbLIMM napaMerpamMu. He ciienyet takke 3a0biBaTth U
O TPAJAMLIMOHHbLIX BBINPAMMTEJBLHBIX OHOOAX U JUOAHBIX MOAYJSIX, KOTOPbIE
MO-TIPEXXHEMY HCITIONB3YIOTCS B COCTaBe€ CUJIOBBIX UMITYJIBCHBIX YCTPOWCTB
BO BXOIHBIX LIEMSX.

C noBblLLiEHUEM HACTOTHI IIPEOOpa30BaHMsl PACTET M ONMACHOCTDb BPEIHO-
-'TO BJIMSIHUSI BCSIKOTO poAa Mapa3uTHbIX NapamMeTpos. Hanpumep, MHOYKTHUB-
HbI€ BBIOPOCHI, BO3HUKAIOILME MPH MEPEKTIOYEHUH CHUNOBBIX 3JIEMEHTOB,
JIETKO MOTYT BbIBECTH TIOCJIETHUE U3 CTPOSI, «MpOOUTH» MX. [103TOMY MHXe-
HEPBI-pa3pabOTUUKH CHUJIOBOM 3NEKTPOHUKMU YAENSIOT AOCTATOYHO MHOTO
BpPEMEHH 3all[MTe OT ONACHBIX BIUSIHUI. JIOCTUrHYTH 3HAYUTEJIbHBIE YCIIEXH
B 3TOI 00ONAacTU: Ha pbIHKE MMEIOTCS BapUCTOPbI M 0oJiee nmepcreKTHBHbIE
OorpaHMuMTelIbHEIE nHonbi-canpeccopsl Tvna TRANSIL. BreiGop 3alMTHOrO
2JIEMEHTA OOBIYHO OCYLIECTBISIETCS 10 KPUTEPUIO JOCTHXKEHUS] HATIpsiKe-
HUs1 IIpobosi, a TAKXE MO AONYCTUMON MOMIHOCTH paccesiHusl. CylecTByioT
TAKXKE I1ACCUBHBIE METOIBI 3ALIMTHI, BBIPAXAIOUWIMECS B PaLMOHAILHOM
[IPOEKTUPOBAHUU MOHTAXHBIX XI'YTOB, TOKOBEAYLIIUX LUKH, MEYATHBIX [1PO-
BOJTHUKOB.

3HAYUTENILHO YMEHBIUMIIMCH TA0APUTH 3JIEKTPOJIMTHUECKMX KOHIEHCA-
TOPOB, TMOBBICWJIACL MX HAAEKHOCTH M YCTOMUMBOCTH K KIMMAaTHYECKHUM
dakTopam. CerofiHsi MOXXHO TIONOOpAaTh O4YeHb YIOOHEIE /151 KOHCTPYHUPOBA-
HUA ManorabapuTHble KOHAEHCATOPbl €' KOAKCHAJILHBIM PacCIIOIOXEHUEM
BBIBOZIOB 1 MAJIOI COOCTBEHHOM MHAYKTUBHOCTBIO. HO 10 CUX mop Hacylli-
HOM ocTtaercsi npobyieMa CO37aHUs NEKTPOJUTHUECKMX KOHIEHCAaTOpOB C
pabouuM HanpsikeHueM 6osiee 450 B, uTo HEOOXOOUMO 111 MCTOYHUKOB C
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Tpexda3HbiM BxosioM 380 B/50 I'u. OreyecTBeHHas 11POMBILINEHHOCTD [10Ka
He OJiemeT. BBITYCKOM MIMPOKOM HOMEHKJIATYpPbl KOHAEHCATOPOB IUIA
HMBOI1, HO KOE-4TO yXe BbIITYCKAETCs, U Mbl YITOMSIHEM 3TY NPOAYKLIMIO MO
X0y KHUTIH.

OTnesibHBIN pa3roBOp — KOHCTPYKTMBHOE MCTIOJIHEHUE 3neMeHToB. He
OyneM 3a0bIBaTh, YTO JIOOOH MCTOYHUK MMUTAHUSA SIBJISIETCSI OCHOBHOM «I€Y-
KO¥» npubopa. Heaapom npuTyeil BO A3bILEX CTAJT pa3gpaxkalowHii OKpy-
JaloLNX 3BYK BEHTHJATOpa OJIOKA MUTAHMSA TIEPCOHABHOIO KOMMbIOTEPA.
YToOB MCTOYHHUK TIMTAHMS HE BBHILIEI M3 CTPOS, HY>KHO pacCUMTATh TEMIO-
Bble PEXUMBI €ro 3JIEMEHTOB, CIPOEKTUPOBaTh PaaHaTOPbl OXJIAXAEHMS,
NMpaBUJbHO pa3MecTUTh UX. Yl naneko He mocneaHIO poJib 3AeCh Urpaer
KOpIyC CUJIOBOIO 3JIeMeHTa. 3eCh ceroaHst HabimonaeTcss BENMKOE pasHo-
oOpa3ue MCIONMHEeHMIT, HE TOJIBKO KPacuBbIX, HO U Y1OOHBIX.

KcTat — 0 TennoseiX pacdyetax. HecMoTpst Ha TO, YTO NPUHUMI «A€T-
CKOro KOHCTpPYKTOpa» Bce Oojsiee M 0osiee yTBepXKIaeTcsl B 00/1aCTH CUJIOBOM
3JIEKTPOHUKU, PACUECTHBIE METOAbI TEIUIOBBIX PEXHMMOB 3JIEMEHTOB COXpa-
HSIIOTCSl B MEPBO3JAHHOM BMJE: HEOOXOAMMO MpPEABAPUTENILHO IMOCTPOUTH
TEIMIOBYIO CXeMy NpUOOpa, pacCyYUTaTh ee. TeM He MeHee pacueThl yXKe cero-
JIHSI MOTYT OBITh aBTOMATHU3UPOBaHbI C [MOMOILBIO TTAKETOB KOMITBIOTEPHOTO
MopaenupoBaHus Tuna MathCAD unu MatlLab. ABTOpy noka He M3BECTHBI
CTIELUAJIM3UPOBAHHbBIE MPOCTHIE MPOrpamMMbl UL BBIMOJTHEHUWS] TEMNOBBIX
pACYETOB, HO, MOXET ObITh, YTO-TO 3HAXOT YUTATEJIM U OHM CMOIYT COO0-
IMTh OO0 3TOM aBTOpY.

BHenpenme HOBBIX NPUHLMIIOB KOHCTpyupoBaHust MBJII tpebyer ot
npogeCCUOHATBLHOIO pa3paboTUMKa HOBOro Moaxona K OpraHu3ailklu 3Toro
npouecca. [IpyHuMne! TpUALATHIIETHEH JaBHOCTH JA/IeKO He Bceraa «cpaba-
TBIBAIOT» cerofaHsi. KOHEYHO, Kak M B IpeXHUE BpeMeHa, pa3paboTuMK
(BrpoueM, U paquoJIIOOUTENIB), NOJDKEH 00JianaTh MCYEPITbIBAIOLIMMH 3HAa-
HHUSIMH O TOM, KakK paboTaeT KaxKblil «KUPMHMYUK» B CXeMe, CYMETh ITIPaBMJIb-
HO COEIMHWUTDb «KUPNUYUKKW», BLICTpPAMBasi U3 HUX «CTeHKYy». Ho 3Tt0 — eue
He 3aj10r ycriexa. Tpuauars JieT Ha3an pa3paboTUMKH HAXOIHJIUCh B YCIIOBM-
sIX, KOrAa Bcsl 3JiIeMeHTHAast 6a3a nexasna, Kak roBOpUTCS, «Ha JIaaoHU» — TO
ecTb Aepxajiach B naMsaTu. CerogHs K HalIMM ycJiyraM COTHH (bHpM-IpoH3-
BOJIUTENIEN TIO BCEMY MUPY, UTO YK TOBOPHUTh O HOMEHKJIATYPE 3aMeyaTeib-
HbIX [10 CBOMM CBOVMICTBAM 3JIEMEHTOB U u3aesimid. I1pu netanbLHOM paccMoT-
peHHMM, KOHEYHO, OKAa3BIBAETCS, YTO Pa3HbIMH (MpPMaMH TPOH3BOAMTCA
NPUMEPHO OIHO M TO Xe, pa3Be YTO MAapKHMpOBKa pa3Hasi... TeM He Meree
«MONYJIBHBIA» MOAXOA TpearnonaraeT OoJbLIYyIO paboTy MO aHanM3y PbIHKA
KOMITOHEHTOB, BLIOOpa HanOoJiee MoAXoasUX U AOCTYITHBIX. Takxke HYy>XXHO
CTPEMUTHLCA O BO3MOXHOCTHU MCINOJb30BaThb MPOAYKUUIO OAHOH (PUPMBI.
Hanpumep, opueHtuposarbest Ha IR, Motorola, IXYS, STMicroelectronics,
KOTOpbl€ MPOU3BOLST BCIO HEOOXOAUMYIO raMMy KOMIOHEeHTOB fy1st UBOTT,
38 WUCKJIIOUEHUEM, KOHEYHO, UHAYKTUBHBIX 3JIEMEHTOB M 3JICMEHTApHOK
«pacchyxu». O4eHb BaXXHOE MPEUMYLLECTBO «IETCKOro KOHCTPYKTOpa» —

-
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B3aMMO3aMEHSIEMOCTh KOMITOHEHTOB, MPOU3BOAMMBIX PasHBIMH (PMPMaMHu.
Ecnu, K npuMepy, HE yoajioCh TIPUOOPECTH TPAaH3UCTOpP ONHOW (PUPMBI,
MO>KHO MCIOJIb30BaTh 3JIEMEHT, MPOU3BOAUMBIN ApYroi ¢pupmMoin, ¢ Onu3kKm-
MM napaMeTpaMu. Pabotath cxema OyZieT TOYHO TaK Xe.

A Tenepb O TOM, KaKHe «KUPIMUYUKU» MPUICTCS (POpMUPOBATH CaAMO-
CTOSTENIBHO — WU 3TH BOMNPOCH! TOXE MPUXOAUTCS YACTO peuiaTh pa3pabor-
yukaM-cujioBukaM. Kak yxe ObUIO CKa3aHO, UHAYKTUBHLIE BEICOKOYACTOT-
HbI€ CHJIOBBIE 3JIEMEHTHI IJIOXO MOANAIOTCS MPOMbIUIIEHHOM YHH(DHUKALINH,
B camoM Hauase nepes pa3pabOTHMKOM OCTPO CTAHOBUTCS IpobneMa BHIOO-
pa MarepHasioB sl MPOEKTUPOBAaHMS TpaHC(OPMaTOpOB U Apoccesieid.
HyxHO uMeTh ueTKOe fpefcTaBieHUE O TOM, KaKUe 3JIEKTPOTEXHHUUECKHUE
MaTepUasIbl 30eCh UCIOJIb3YOTCs, KAKMMH CBOMCTBaMM OHM 06naparot. Kak
NOKAa3bIBAET [IPAKTHUKA, HETIPaBUJbHBLIH BHIOOp MaTepHana MOXET «Ha KOp-
HI0» 3ary6uTh pa3paboTky. CheayiouMii ar — KOHCTPYKTUBHOE MPOEKTH-
poBaH¥Ee UHAYKTUBHOIO 3JIEMEHTA: BIOOp MarHUTONpPOBOAA,* pacyeT KOJIU-
YeCTBA BUTKOB, CBEJICHUE K MUHUMYMY [1apa3UTHBIX NMapaMeTpOB.

MBbI BKpaTtiie MO3HAKOMMJIMCh C TEM KPYIFOM BOIMPOCOB, OTBETH Ha KOTO-
phle HallUIM OTpaXeHue B KHMre. HeaMuiHe Takke 3HaTh, YTO, UTpast B CXe-
MOTEXHHUYECKHE «KOHCTPYKTOpbI», HE CTOUT CIAMUIKOM YBJIEKATHLCA MMH M
BUIETh TOJIBKO B HUX ONHMUX Oynylliee CUJIOBOIt 3NeKTpOHUKM. IlpuHIIMN
MONYJbHOTC KOHCTPYMPOBAHUS XOpPOLU TONbKO TOra, KOIraa HY>KHO OBICTPO
M HeJIOpOro peLIXTh TPMBUAJIBbHYIO 33auy. HectannaptHele u3nenus tpedy-
10T, KaK NPaBuJio, M HECTAHJAPTHBIX NoaxonoB. JpyruMmu cinosamu, v B XX1
BEKE HYXKHO «CO€IHHSTh TOJIOBY C pyKaMM».
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MarnunTHble MaTepunaJsibl, NCINOJb3yeMbl€ B U3AESINAX
CHJIOBOM 3J/1IEKTPOHUKN U MX OCHOBHbIE CBOMCTBA

...Mne nonadoburca mpancopmamop umnyaschsili, Kuaoeepy Ha 50. Bzaaca s eco
paccyumams Kak Kaaccuveckuti 50-eepuosntii. Xopowo, umo deaams ve cmaas! Omxpot-
84K CAYMALIHO OOHY CHeLUANbHYI) KHUMCKY, a mam — 3mo Heav3s, mo Heavss. Henonb-
3ytime Kakue-mo HU3KOKO3PUUMUBHbIE Mamepuaisi, nomepu 68 MazHUMoOnpoeode Cyu-
matime. Llenas nayxka — pazobpamucs Ovl...

H3 nepenucku

Xopowio 66t donoarums pasden céedenuamu 0 K8aOPaMHbIX MAZHUMONPOBooax (ome-
vecmeennvle — mun KB, 3apybesxcnvie anasoeu — mun RM). Imo yauce He skzomuxa, u
AYMUUX MA2HUMONPOB0O08 O nocmpoerus manozabapumublx 610K068 NUMAHUS MOWHO-
cmbio 0o 100 Bm, na moii 632110, ne npudymario. CoomeemcmeeiHo, nompebyemcs ynoms-
Hymb 0 HUX 8 pa3dene 0 cxemomexuurke HBIII.

N H3 om3veos Ha 1-e uzdanue

Tak Ha3bIBaeMble «MOTOUYHbBIE U3ENUsI», KK YK€ OblIO cKa3aHO, SIBs-
I0TCS1 ONHUM M3.0CHOBHBIX KOMIIOHEHTOB CHJIOBOI 3JIEKTPOHMKH. Jlaxe Te
YUTATEJIU, KOTOPble MMEIOT OYEHb CKPOMHBIN ONBIT B 3TOH 0ONAcCTH, Ha-
BEpHAKa BUAETU BHYTPEHHOCTH KOMITHIOTEPHOTO WJIM COBPEMEHHOTO TeEJe-
BM3UOHHOTrO OJlIoKa nutanus. PaspsidbiBaloliiye TpaHcgopMaTopbt UM Cria-
KMBAIOIIUE APOCCENU, YCTAHOBJIEHHBIE B HUX, HEBO3MOXHO CIIYTaTh HU C
OIHUM NIpyrUM KOMMOHEHTOM. Ho HaM Takxe H3BECTHO, YTO NJaHHBIE KOM-
' [TOHEHTBI MPUXOAMUTCH TMPOEKTUPOBAThL caMocToATenbHOo. [loaToMy mpocto
HEOOXONMMO TIO3HAKOMUTBLCH € «MOTOUYHBIMM M3IETHAMMH» TSI UMITYJbC-
HOM TEXHHUKH IOApPOOHO.

2.1. OCHOBHble XapaKTepUCTUKN MarHUTHOro Nons

[lpexune yem paccka3atbh, KaAKMEe MAarHHMTHBIE MAaTePUalbl IMOAXOAAT 1S
MPUMEHEHUS! B U3JIETTHAX UMITYJIbCHOII TEXHUKH, KaK MX TPaBUJIBHO BHI-
O6path M MpaBUNBHO KCIOJB30BAaTh, JaBafiTeé BMECTe BCTIOMHWM KOE-YTO U3
Kypca (buM3MKH, Kacalolleecst deKtpoMarsetuama [10].
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BriepBbie cylleCTBOBAHUE MAarHUTHOTO IOJISl y MTPOBOAHUKA C TOKOM 00-
Hapyxun gatckuit pusuk X. Opcren B 1820 rogy. OnbiT Spctena (puc. 2.1)
HaM 3HAaKOM CO 1IKOJIbl: [IPOBOAHMK pacriojiaraetcs BOJIU3M MarHUTHOIO
KOMIIaca, M Korjaa rno MnpoBOJHMKY IMpOIyCKalOT TOK, CTpeJIKa KoMIiaca OT-
KJIOHSIETCSI OT CBOETO IMepPBOHAYAILHOIO NoyoxeHusi. U3aMeHeHue HampaB-
JIEHUsl TOKA 3aCTaBIsieT MOBOPAaYUBATLCSI CTPENIKY B IIPOTHBOMONIOXHYIO CTO-

pOHY.

Puc. 2.1. OnwiT Jpcrena

JlaBaiiTe noka 3abyneM O NMPOBOHUKE C TOKOM Kak 00 MCTOUHHKE Mar-
HUTHOTO T0Jis1, a IPEACTABUM CebO€e NMOMELLIEHHE, B KOTOPOM CYHIECTBYET HE-
KO€ MarHUTHOE MoJi€ B BUAE TOHKUX HUTEH-JIMHUIA, MIPpUYEM B IAHHOM CJy-
Yyae HaM COBEPUIEHHO HEBAXHO, YE€M CO3aHO 3TO MoJjie. YToOhl Kak-To oxa-
paKTepU30BaTh BEJIMYHHY MArHMTHOro IoJjisi, OblIO BBEIEHO MOHSTHUE
MarHuTHOH vHaykuuu (o0Oo3Hayaetcsl OykBoi B). MarHuTHass MHAYKUUS B
o011eM cnyyae — BEKTOpHas BEJIMYMHA. DTO 3HAYMT, YTO €€ BEKTOp B JIIO-
0oit TOUKEe CUNOBOM JIMHUM MAarHMTHOTO MOJISI HarpaBJIeH MO KacaTeJIbHOM K
JIMHUH TIOJIA. _

CylecTByeT ele 0JilHa XapaKTEPUCTUKAa MarHMTHOrO IoJsl, Ha3blBae-
Masi HanpsRKeHHOCTbI0 MATHUTHOrO nojs (06o3nauvaetrcst 6ykBoit H). O6 3t1oi
XapaKTEPUCTUKE MOXHO M HE BCIIOMUHATD, [TOKA Mbl PACCMATPUBAEM CWIO-
BBIE JIMHMM CBOOOIHOrO MarHMUTHOro nosns: GU3INKKU TOBOPST O TAKOM IOJie
KaK O TIoJiE€ «B BakyyMe». Ho Kak TONbKO Mpl 06paTMM BHUMaHHME Ha OCO-
OEHHOCTU MarHUTHOIO TOJsl, CUIOBBIE JIMHUY KOTOPOro MpOXoasT B Belle-
CTBE, MBI Oy/ieM YAMBIEHbBl — KapTMHa INOMEHSIETCS KOPEHHBIM obpasoM.
B 3sTom ciiyyae HEOOXONMMO BBECTH JOMONHUTEIbHBIE XapaKTepUCTHKM.
OOBbSICHSIETCA 3TO TEM, YTO JI00OE BELECTBO, OYyIb TO META/LI, XXUIKOCTH
WJIM ra3, B TOU WIKM UHOM MEpE SIBISETCS MATHETHKOM, TO €CTh CIOCOOHO
1noa J1eMCTBMEM BHELIHETO MOJisi HAMArHKYMBATLCA, MPHOOpETaTh COOCTBEH-
HbIili MArHUTHBIA MOMCHT. .

YurtaTens BripaBe yIMBUTBECS: «Pa3Be BO3MyX, OKpyxXalomyii Hac, ToXe
MOXET NPUTATUBATH K ceOe rnpeameTsl, NogoOHO TOMY, KaK IPUTATMBAIOTCS
Xene3Hble NnpeaMeThl K OOBIKHOBEHHOMY MarHuty?» Jla, n1o0oe BeiecTBO
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MOXET y4acTBOBAaTb B MArHUTHbLIX B3aUMOJECHUCTBUAX, OTHAKO B pa3HOM cTe-
NeHW, ¥ 00 3TOM MBI JaJiee HEMHOTO MOrOBOPHIM.

A ceiyac BepHeMcCs K CBOOOTHOMY MAarHUTHOMY TIOJII0, TO €CThb IOJII0 B
npocTpaHcTpe. BelectBo, Oynyyd BHECEHHBIM B 3TO NMoJie (0003HaYUM €ro
By), HanpuMep, cTaibHOM CTEpPXEHb, HAUMHAET CO3/1aBaTh CBOE COOCTBEH-
HOE€ MAarHUTHOe Tmnojyie (0603HaUMM ero B;), KOTOpO€ HAaKIAIbIBAETCs Ha
BHeLIHee Tosie., O0a rnosisi B CymMMe JaloT pe3yJibTUpyloiee mnose B

B=B,+B,. (2.1

Hnst o0bsicHeHUS SIBIEHUSI HAMarHMYMBaHUS TeJl YYEHHIM A. AMIIEpOM
ObIJ1a NPEeJIOXKEHA TEOPUS, COIJIACHO KOTOPOH B MOJIEKYJIaX BELLIECTBA LIUP-
KYJINPYIOT KpYIrOBble MUKPOCKONUYECKHe TOKU. KaxXablit TaKoM TOK co3na-
eT B OKpYXalollleM IpOCTPaHCTBE MarHuTHoe nose. [Ipu OTcyTcTBHMM
BHELLHETO IONsl MOJIEKYJIIpHbIE TOKHM OpPHMEHTUPOBaHBI OeCcriopsiioyHo,
BCJIE[ICTBHE YEro pe3yJabTUpYIOLIEE IoJie paBHO Hymo. [lon aectBueM
BHELIIHETO TIOJISI MArHUTHHIE MOMEHTH MOJIEKYJISIPHBIX TOKOB, KOTOpPBIE
MOXKHO TIPEICTABUTb MOXOXMMH Ha IETCKUE BOJIUKM, OPUEHTUPYIOTCS B O/I-
HOM HarnpabjeHMM. BelllecTBO HaMarHuwuMBaeTcsi, NMpHOOpETAET MArHMT-
HBIi MOMEHT, OTJIMYHBI{ OT HyJs1l. MarHUTHBIE TNONST OTAENbHBIX MMKPO-
CKOMUYECKHMX TOKOB yXX€ HE KOMIIEHCUPYIOT JPYr JApYyra, No3ToMy U BO3HM-
Kaer rosie B,. t

Mepy HaMarHMUMBaHMS BEILIECTBA XapaKTEPU3YIOT MarHUTHHIM MOMEH-
TOM €AMHULBI O0beMa —. HAMAarHHYEeHHOCTBI0 (0DO3HayaeTcss OykBOH J).
TeopeTnuecky HaMarHMYEHHOCTh NMpeAcTasiisieT co0oii MOHATHYIO (PU3NYe-
CKy10 BeIMUMHY. Ka3anoch Obl, Hy>)KHO M3MEPUTb MAarHUTHBIIA MOMEHT OT-
JIETBHOTO MOJIEKYJISIPHOIO TOKa, OTHECTU €r0 K MJIOMY OOBEMY, B3SITOMY B
OKPECTHOCTH pacCMaTpMBAaEMOTO MOJIEKYJIIPHOrO TOKa, CYMMUPOBaTh MO-
JIYYMBLIMECST BEIMYMHBI IO OOBEMY BCETO TEJIA — W BOT OHM, UCUEPIIBIBAIO-
1LIM€ CBEJCHMSA O IOJI€ BHYTPH TeJia...

OnHako B MpakTUYECKHUX pacyeTrax Mbl CTOJIKHEMCS € HenpeoaOJIMMbIM
3aTpyaHeHueM. YToObl onpenenuth UHAYKLUIO B, HaM HeoOXOIMMO MMETh
UCUePITBIBAIOLLYI0 HHPOPMAaLIMIO HE TOJILKO O TOKAaX, CO3/AI0IIMX BHELIHEE
[oJje, HO M 0 MOJIEKYJISIPHBIX TOKaX, OpUEHTALUsI KOTOPHIX, B CBOIO OUYEpEb,
3aBMCHUT OT pe3yJibTUpyloweil HHayKiuu B. [Toatomy ¢Gbu3MKU NOCTYNIMNIN
CJIENYIOLIMM 00pPa3OM: OHM HaUUIM BCIIOMOIateJbHYI0 BEJIMUYUHY, KOTOPYIO
MOXKHO Onpefe/INThb, MOJb3YsCh TOJILKO UH(MOpMALIUEN O BHEIUHUX MaKpO-
CKONMMYECKHUX TOKAaX, HaMarHMuMBaioilux BeilecTBO. Ilocie HecnoXXHBIX
npeoOpa3oBaHUK MOXHO MONYYUTH CJEAYIOIEE BbIpaXKeHue:

]
Ho

H==_1J, (2.2)

rne H— YK€ U3BECTHAS HAIIPpAXKEHHOCTh MAarHUTHOIO I10JISA;
Mo — MArdMrHas nmoCTosAsHHas,
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B Bakyyme J = 0, nockonbKy HaMarHMYMBaThCsl HEYEMY.
IMoaromy
H = ‘—B— (2.3)
Mo

Yuratesb MOXET PE30HHO 3aMeTUTh: «OMsATh NMOJNYYEH HErONHBIA 11s
npaktuky peayabraT! KakuM npocTtbiM cIocoO0M MOXHO BBIYMCIIATH Ha-
MarHu4eHHocTh? Pabotath ¢ BekTOpamMu? DTO COBCEM He Tak Mpocto». He
CTOMT CMNELIMUTb C BLIBOAAMM: 10 B TOM, YTO BBEIEHWE BCIIOMOraTeJIbHO#M
BeJIMUMHBI H 1o3BoJIsieT BOCIOb30BaThCS XUTPbIM MaT€MaTHYECKHUM IpHE-
MOM — TaK Ha3biBaeMOil «TeopeMOil O LMPKYJIILMH BEKTOpa HAMpPSIKEHHO-
CTH MarHUTHOrO MoJisi» (puc. 2.2). DTy TeopeMy UMTATEIIO HYXHO 3aroM-
HUTB, MTOCKOJIBKY OHa MOCTOSIHHO OyIeT BHIpyYyaTh NMpH pacyerax KOHCTPYK-
TUBHBIX MTapaMeTpoB Apocceieil U TpaHC(hOpMaToOpOB.

v I

Puc. 2.2. [TosicHeHHe TeopeMBl O LMPKYJISILIMM BEKTOpPA HanNPSKEHHOCTH
MarHUTHOTO NOJs

3By4uT Teopema cielyronimm odpazom: «LIupKynsiums BekTopa Harmpsi-
JKEHHOCTM MarHUTHOIO TOJIsl M0 HEKOTOPOMY KOHTYPY paBHa ajireOpanye-
CKOIf CyMM€ MHMKPOCKOITHYECKMX TOKOB, OXBaTHIBAEMBIX 3THUM KOHTYPOM»:

§HAL =3, (2.4)

Bbiuncnsrb MHTErpaabl HHTEPECHO JIAJIEKO HEe BCEM, MaJlo TOro, HyX-
HO YMETh MX BBIYMCJSTHL, YTOOBI MOJIyYUTh NMPAaBMIbHBIN pe3ynbrar. Kak
Xe OBITh YMTATENISIM, KOTOpble MOKa He HA «Thi» C BBICILIEH MaTeMaTH-
Koit? JlaBaiiTe OCMBICIIUM CJIOXXHYIO Ha NEPBHIH B3LJIAN TeOpeMy, clesia-
€M HEKOTOphie AONYLIEHHWs, U OHA ITOKAXeTCs HaM BeCbMa MOIXOASLLEH
IUIST MPaKTHKM.
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HagepHsika BbI, yBakaemblii UMTATENb, ACPXANM B pyKax $HeppUTOBOE
KOJIEYKO, UIMPOKO MCIIONL3YIOLIEEeCS B UMITYJIbCHOM TEXHHMKE, & €CJIM He
Jepxanu, To B OnuxaiueM OynyuteM 310 cnenaere. Ecnu Koneyko okaxer-
Csl 0OCTATOYHO TOHKMUM, TOI/1a JUIHHY €ro CpenHei JTMHUM, [IPHMEPHO COB-
Nnajgarouieil ¢ OKpPYXHOCTBIO FEOMETPMUYECKOrO pasMepa (IMaMeTpa), Mbl
UMEEM IMMpaBO OOO3HAUYUTH yepe3 £.

Yepe3 Koeyko, Kak Mbl BUIMM M3 pUcC. 2.2, MpoxoaaT MpoBoaa ¢ ToKa-
MM iy, by, ..., . Tenepb — pHuManue! Ilpencrtasum Hae KOAbLO COCTOSA-
HIMM U3 MaJIeHbKUX «OYCWHOK», HAHW3aHHEIX Ha JIMHHIO £. B Kaxoii «0y-
CHMHKE» MBI MOXEM OMNpenejUTb BENUYMHY BEKTOpa HaNpsDKEHHOCTH Mar-
HUTHOTO monst H, yMHOXMB €ro no CcOOTBETCTBYIOLIMM TNpaBWIaM Ha
MaJI€EHbKMI1 3JIEMEHT WIMHbI OyCMHKHU df. OroBopumcs cpasy, UTO MHTETPU-
pOBaHHE — 3TO BCETO JIMLIb CYMMHPOBAaHHUE BBIYHCIIEHHBIX NPOU3BEACHUIA
IO BCEM «OyCHHKaM».

Ecnu Mbl nmpobGexXXuMcs Mo BCEMY KOHTYpPY £, TO 3aMETUM, YTO OT «Oy-
CUHKM» K «0yCHHKE» B3aMMHOE pacrojioXeHHe BEKTopa HanpsixkeHHOCTH 1
U aneMeHTa OIMuHbl df He MeHsieTcsi. 11oaToMy B JAHHOM 4YacTHOM cCJly4yae
MB!I MOXEM He BBEIYMCJISITh MMOABIHTEIPAILHOE BhIPAXEHHE IUIS KaX10il «0y-
_CHUHKHW», @ [POCTO 3aINu1cCaTh:

- HE=Y,. (2.5)

3Hast JUIMHY KOHTYPa M CWJIY TOKOB iy, &3, ..., i, MPOXOOSIIMX Yepe3 3TOT
KOHTYP, MBI JIETKO BbBIYUCIHUM HAMPSI)KEHHOCTb MArHWUTHOIO MMOJIST B KOHTY-
pe. 3alIOMHUM 3TOT pe3yJbIarT.

Ternepp HaM HYXHO CBSI3aTb BOEAMHO HAMarHUYEHHOCTb J, MarHUTHYIO
MHAYKLUIO B ¥ Hanpsi>kEHHOCTb MAarHUTHOTO Nojisl A Tak, YTOOBl OTKA3aTh-
CSl OT HEOOXOAUMOCTH BbLIYMUCIISITH HAMarHuyeHHocTh. CnellyeT OTMETUTD,
YTO IPOLIECCHI, NPOUCXONAIIME B MATHETHKAX -~ BELLECTBAX, BOCIIPUUMYM-
BbIX K MArHUTHBIM TIOJISIM, YPE€3BbIYAMHO cJIOXKHBI. FIX aHanmn3y nocBsilUCHbI
ThICSYU (pyHIAMEHTAJNbHBIX HAYYHBIX paboT, JAECATKHM ThICAY HAYYHBIX CTa-
teii. Ha nmpaktuke Ham He uMeer OOJIbILIOro CMbICNA YINIYONATLCS BO BCE
npeMyapocTy 3neKrpomarHetuaMa. MHXeHepos M panumonobuteneil, Kak
_ MPaBUJIO, BIOJIHE YCTPaUBAIOT MPOCTHIE JONYLIEHHS!, MTO3BOJISAIONUIME C NOC-
TATOYHOH TOYHOCTHIO OLIEHUTh TY WJIKM UHYIO (DU3HYECKYIO BEJIMYMHY, YTOOH!
Ha OCHOBE 3THX OLIEHOK BOIJIOLLIATH CBOH HUIIEN «B XKEJIE3E».

HamarHuye HHOCTb MPUHATO CBSA3bIBATh HE C MArHUTHOW MHAYKLMEI B,
a ¢ HanpsoKeHHOCThIo nons H. ITonararor, 4TO B KaXA0i TOUKE MarHETHHKA:

J =yH, . (2.6)

II€ Y — XapakKTepHas LISl KOHKPETHOro MarHervka Be/iM4YMHa, Ha3biBae-
Masi MarHMTHOH BOCNPHHUMYHBOCTDBIO.




20 naBa 2. PeppuT nnum anbLCcnGEP — YTO AyHlue?

OnbIT NOKA3LIBAET, YTO /I MAarHETHMKOB, IPU HE CIMUIKOM CHJILHBIX
BHELUHUX FIOJISIX, MAarHUTHAs BOCIIPMUMUYMBOCTD ¥ He 3aBUCHMT OT Harps-
KEHHOCTH MaruuTHoro nosnst H. C y4eToM 31oro:

—

—~ B
H=—" (2.7)
po(l + %)
O003HaYUM:
=1+, (2.8)
rie p — OTHOCHTEeJIbHAsl MATHHTHAS NMPOHMIIAEMOCTh MaTepHana.
OKOHYAaTEJILHO 3alTUUIEM:
: - B
H=——. (2.9)
Ky

BaxXHbIHA BLIBOJ, KOTOPbI{1 MBI JIENIa€EM H3 3TOr0 COOTHOLIEHMUS, TAKOB:
HanpskeHHOCTb MArHUTHOro nosis H ecTb BEKTOp, MMEIOUIMM TO XE€ Ha-
MpaBjJ€HUE, YTO U BEKTOp MHAYKUMU MarHuTHoro nons B, HO B uy, pas
MEHBUIMI. OTOT BBIBOJ, BIIPOYEM, CMPABEAIUB IUISl OMHOPOAHLIX MarHUT-
HBIX Cped U JJIs HAlIMX MHXEHEPHBIX pacueTOB BIIOJIHE croautca. B ganb-
HeHieM Mbl 3a0yneM O CyLIeCTBOBAaHUM J, ¥, @ TaKXe O TOM, UTO MarHMur-
HBIE XapaKTEpUCTUKH SIBJISIIOTCH BEKTOPHBIMM BEJIMUMHAMMU, U OyleM Mc-
NMoNbB30BaTh B pacuerax «CKajsipvl» B, H, pu, 10 ectb B opMmynbl OyneMm
MOACTABIATh MPOCTLIE YMCIIOBBIE 3HAUECHUS].

2.2. Kak BbIYMCnNuTb none B MarHeTukax

3amaua BBIUMCJICHUS MOJSI B MAarHETHKAaX, K KOTOPbIM OTHOCSITCSI B TOM
YUCJIE U MAaTepUaibl, U3 KOTOPBIX U3rOTABIUBAIOT CEPACYHMKHU U MArHUTO-
MpOBOJIbI ApOECEiEil U TpaHC(OPMATOPOB, JOCTATOYHO ciioXHa. Ho B He-
KOTOPBIX CHyyasiX MOXHO cjejlaTb TNMpPOCTHIE JOMYHIEHUs, KOTOpPbIE Ham
MPUTroAATCA B HALIMX MpakKTuueckux wensax. Utak, nycts B 3HaKOMOM HaM
MPOCTPAHCTBE UMeeTCs ogHopoaHoe none By, HanpsokenHnocth atoro mnoss
onpeaeasierca no ¢opMmyJie:

H, ==2. ' (2.10)

BHeceM B 3T0 none, Kak MoKa3aHo Ha pyc. 2.3, IIMHHBIN KPpYTIHIH OqHO-
POHBII CTEPXKEHB, U3TOTOBNIEHHHIH U3 MarHETHUKA, PACIIONIOXHUB €ro BIOJIb
HanpapJIeHUS CUIOBLIX IMHUIA BHEWIHETO nonsi By. BodHuKaloas B cTepX-
He HaMarHM4eHHOCTb J OyleT HaripapjieHa B Ty € CTOPOHY, UTO M BHelIHee
none. B pe3ynprare nojie BHYTPHU CTEPXKHS Oy/ieT onpenensTecs TakK:

Bo+BQ=B0+l.10J. (211)
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J

o -7

Bo, Ho

Puc. 2.3. K BBEIYHCIIEHHIO B BELLECTBE HANPS)KEHHOCTH MAarHUTHOIO TOJIS
A

Teneps MBI MOXeEM ONpeaeSINTh HANPSXKEHHOCTD NOJIT BHYTPH CTEPXKHS:

L 2.12)

Ho Ho

OkKa3bIBaeTCs, UTO HAMPS)KEHHOCTDb IMOJIst BHYTpU CTEpXHsI H paBHa Ha-
TIPSDKEHHOCTH BHELLIHETO MarHMTHoOro nosisi Ay 3anoMHMM 3TOT BBHIBOJ U
onpeae MM MarHUTHYIO HHAYKLUIO BHYTPU CTEPXKHSI:

B=puH = B, _ B 2.13
= Pl = pou — = pB,. (2.13)

Uy

Tenepb CTAHOBUTCH SICHO, YTO XapaKTepHU3yeT MArHUTHasi MPOHMLIAE-
MOCTb. OHA TIOKa3bIBAET 80 CKOAbKO pPa3 YCUAUBAEMCA UHOYKUUSA Ma2HUMHO20
noas 6 mazHemuxe.

Jlo cuX Mop MBI pacCMaTpUBAJIM IUTMHHBIE 1 TOHKHE CTEPXXHH, Haxonsi-
1LIHECS] BO BHELIHEM MArHMTHOM MOJie. DTO JONYILEHHUE BIOJHE MOAXOAHT
IS JUTMHHBIX CepAeYHHKOB, KOTOPBHIE JOCTATOYHO PEIKO BCTPEUaloTCsl B
MPaKTHUYECKHMX KOHCTPYKLIHSX, & TAKXKE I 3aMKHYTBIX MATHUTONPOBOIOB.
Ho Jawe Bcero GbIBaIOT CIlyyau, KOria CTepXXeHb UMEET COM3MEPUMEIE Ie0-
MeTpHuueckre pa3Mepbl. B 3ToM ciyvyae HanpsK€HHOCTD MOJIST BHYTPH Mar-
HETHKA U BHE €ro He COBIanaloT:

H=Hy—H, (2.14)

rne H p — TaK HA3blBACMOC pa3dMarHHYHMBAKOLIEE NOJIE, KOTOPOEC I10JIaracTCs
MpornopHHOHaJIbHBIM HAMAarHU4Y€HHOCTH:

H,=NJ, (2.13)
rie N — pa3smarHuuMBaloLnii (pakTop, 3aBUCAILMI OT (POPMBE MArHETHKA.

Jnsi MHOrMx rejl nmpocCTtoi (popmbl (LIMJIMHAPHL, JUTMINCOMIBI U T. A.)
pa3marHu4MBalolre (pakTopbl OnpeacieHbl TO4HO. Ha ocHOBe 3THX 3ako-
HOB CTPOMTCH pacyeT napaMeTpOB HHAYKTHBHLIX 3JIEMEHTOB, BBHINOJIHSC-
MBIX Ha CTEPXKHEBBIX CEpeYHMKaX KOHEYHOH NIHHBL. PazmarHnumpaoiiee
MoJjie CHHUXKAET NMPOHULAEMOCTE TAKOro CepacyHUKa, NMO3TOMY U3TrOTOBJIEH-
HBIE M3 OJTHOTO MaTepHaia KOJIbLEBOH MATHUTOINPOBO/I U KOPOTKUM CTEPXK-
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HEBOI1 CEpACYHMK MOFYT MMETh PEAIbHYIO MPOHUIIAEMOCTD, OTJIMYAIOLLIYIO-
cs apyr ot apyra Ha 1—2 nopsinka. B coorBeTcTBYIOLLIEIH I/TaBe MBIl HAYYHMM-
CS paCCUYMTBIBAaTb MHIYKTHUBHOCTH C YYETOM pa3MarHU4MBarolero ¢pakropa,
a ceifuac NMpMCIYIIMM K M3YYEHHIKO CBOMCIB MarHUTHLIX MaTE€pHasoB.

2.3. -CbeppomarHeTuKu

HauyuHast pa3roBop 0 MarHUTHBIX Marepraiax, oroBOpUMCS Cpasy, UYTo B
JAHHOM paszesie Hac JOJDKHbI Majlio MHTEPECOBATh CBOMCTBA TAKUX BEILIECTB,
Kak nuaMarHeTukM (p < 1) m mapamarHetvky (p > 1). Y ogHux npoHuuac-
MOCTD 4yThb MEHBILIE€ €IMHHLbI, Yy IPYTHMX — YyThb Oosbuie. KoHeyHo, 3TH Ma~
TepHuanbl HAXONAT NMPHMEHEHME B CHUIIOBOIl 3NIEKTPOHHKE: HAIIPUMEDP, B HC-
MOJIb30BAHUU MEIH WU AIIOMHHUS U1 OOMOTOYHBIX TNPOBOAOB, JATyHH —
IUTST MOILLHBIX TOKOBeAY1MX 1MH. Ho pa3paboTuuk cUJIOBO# TEXHUKH €1Ba
Ju Oymer MpOEKTHpPOBAaTb MATHMTONPOBOA TpaHChopmaropa M3 JIaTyHM,
MeJM, 30JI0Ta WM TJIaTUHBL. C paBHBIM YCIIEXOM MOXHO OblJIo Obl BOOO11IE
OTKa3arbCsd OT MarHUTOIPOBOAa, TO €CTh HAMOTaTb OOMOTKH Ha NnJjlacTMac-
COBBIM Kapkac.

Hac, Kak NpakTHKOB, B 3TOM pa3aesie JO/KEH 3aMHTEPeCOBaTb KJIACC
MaTepuasoB, Ha3blBaeMblii (peppomarHeTukamMu. MeppoMarHeTHKHY SBISIOT-

Csl CMJIBHOMarHMTHHIMHM BELLIECTBA-

JA MM — MX HAMarHUUYEHHOCTb MOXET
1o 1010 pa3 npeBocxoauTh HaMarHm-
YEHHOCTD AHa- U TlapaMarHeTHKOB!

W3 ¢pu3Mkn M3BECTHO, YTO Ha-
MAarHU4YE€HHOCTb CJIa0DOMarHMTHBIX
BE1IECTB U3MEHSETCSI C HampsiKeH-
HOCTbIO BHELIHETrO IOJS JIMHEHHO.
K coxanenuio, HaMarHMYEHHOCTh
(peppoMarHeTMKOB 3aBUCUT OT Ha-
MPSIXXEHHOCTH ToJiT H CIOXHbBIM
obpazom. OOparMM BHHMMAHHE Ha

Puc. 2.4. KpuBass HaMarHM4MBaHUA OCHOBHYIO KDHMBYI0O HaMarHM4MBa-
(eppoMarHeTHka HUS (eppOMarHeTHKa, M300paxeH-
' HYI0 Ha puC. 2.4.

IlepBoHayanbHBIA MarHUTHBIE MOMEHT 00Opa3lia, U3roTOBJIEHHOrO M3
dbeppomarHuTHOrO Matepuasna, 6sU1 paBeH Hymo. Ilocne Toro kak obpasel
TIOMECTHUJIM B MAarHUTHOE I1I0JIe, HAYaJCcs MPOLECcC ero HaMarHMYMBaHUS —
npuoOpeTeHUsT MarHUTHOro MoMeHTa. B naHHOM cinyyae npM BeJMYMHE
BHewHero nonst no 100 A/mM HaMarHU4YEeHHOCTH J BO3pacTaeT MOYTH JIMHEH-
HO, HO nocsie 3HayeHns 100 A/M HacTynaeTr Tak Ha3blBaEMOE COCTOSTHME Ha-
CblllleHnd, KOrga ¢ yBeMY€HHUEM BHELIHEro0 MarHUTHOIO I0JISI MAarHUTHBIN
MOMEHT (@ 3HaUUT, 1 HAMarHHYEHHOCTD) NMEpPeCcTaeT pacTH, YCTAaHAB/IMBAsSICh

JHac f---- -

cmmm————--

—P
100 200 H, Am
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Ha ONpeleJIeHHOM yYpOBHE. JTOT 3(p(PeKT roBOprT 0 HEJHHEHHOCTH MarHMT-
HBIX XapaKTepUCTHUK (eppoMarHeTka. 3aberast Briepel, CKaXeM, YTO IIPH
pa3paboTKke TpaHCc(HOPMATOPOB M JPOCCETIEH Yallle BCEro CrpeMsTcs obecre-
YMTh UX pabOTy MMEHHO Ha JINHEMHOM y4YacTke KpUBoi HaMarHUYUBaHMs, U
TOJILKO B €IMHHYHBIX CITyYasx MOJEe3HLIM OKa3blBaercs TaKXke COCTOSHHE
HACBILIEHUS.

KpoMme HenuHelHo# 3aBMCHMO- A
cTM Mexny H w J, a cienoBaTesibHO, B 1
U Mexny H v B, nns ¢peppoMarHeTv-
KOB XapaKTepHO HaTUYyHe rUCTepe3u-

ca. Jlapaiite nogpo6GHO paccMOTpUM 2

370 (QYHIAMEHTANIbHOE CBOMCTBO Br

¢deppoMarHuTHOro Martepuana, rpa- 3 k

¢duueckm n3obpaxeHHoe Ha pUC. 2.5. 0 / He H
HTak, npennonoxum, 4to MMeeT- 5

CSl HEMTPaNbHbBIM, TO €CTh ITOJTHOCTHIO
pa3MarHMYeHHbIN, (eppoOMarHeTHK.
Msbl OymeM TIOCTENIEHHO HaMarHH-
YMBaTh €ro, CJieJis 32 BHYTPEHHHUM CO-
cTosTHUeM. Pe3ynsTarbl mOMECTUM Ha
rpa¢MK, N0 TOPU3OHTANBHON OCH KO-
TOPOTO OTJIOXKHWM HanpsXeHHOCTh
BHeLHero nonsi H, a o BepTUKab-
HOIl OCHM — MarHMTHYI0 MHAYKUWIO B BHYTpH (peppomMarHeTrka.

IlepBoHauanbHO NpoLECC HAMarHUYMBaHUs (peppoOMarHeTHKa 10 Hackl-
1eHus npoiner no KpuBoit 0-1. Ilocsie 3Toro Mel JOJXKHBI yOpaTh BHELIHEe
1noJse, TO €CTh CHHU3UTDh HANPSXKEeHHOCTh N0 HyJs. Kazanock Obl, MHAYKLIUA
JIOJKHA BEPHYTBCST TOKE B HYJIEBYIO TOUKY... OnHako peanbHO (PpeppoMarHe-
TUK pa3MarHU4YMBaEeTCs 1Mo KpUBOM 1-2, coxpaHss B OTCYTCTBHM BHEILHETO
MoJis MarHUTHBIM MOMEHT, XapaKTepHU3YIOILMHICS BeJIMYMHOM MarHUTHOM
MHAYKUMM B, Ha3plBaeMoOi OCTAaTOYHOM MHAYKUMeH. 3allOMHUM Ha3BaHHe
3TOro o4eHb BaxKHOIO MapaMeTpa.

Munykuusa obpaitiaeTcss B HyJIb JIMIUb TOA JEMCTBUEM BHELLHEro IMoJjs
H_, umeroliero HaripasjieHHe, MPOTHBOIIOJIOXHOE MOJK0, BHI3BABLUEMY Ha-
MarHnyMBaHue. HanpspkeHHocTs H, Ha3biBaeTcs KOIPHUUTHBHOM CHJIOH. 3a-
NMOMHHM H 3TO Ha3BaHUe. _

Ilpu peiicrBum Ha (eppoMarHeTHK IepeMeHHOro MarH4THOIO NoJjs
MHUYKUMSA OyIeT M3MeHAThCsl corlacHo KpuBoil 1-2-3-4-5-1, xotopas Ho-
CHUT Ha3BaHHe NeTM rucrepe3uca. EciM MakcuMaibHble 3HAYEHHST HaIps-
XEeHHOCTH BHELIHero monsi H TakoBbl, YTO HAMArHWYeHHOCTb JOCTHUIaeT
HachlllleHHs1, (eppOMArHeTUK rNepeMarHuyMBaeTcsl IO NpeneibHOo# mnetie
rucrepesnca. Bece netny, Haxonsuivecss BHYTpH npenenbnon TIETIA, HA3bI-
BAIOTCS YACTHLIMH IMKiAamMu (puc. 2.6).

Puc. 2.5. Iletns rucTepe3ncHOro
LIMKJIa (peppOMarHeTvKa
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Terepb YNTATENIO NONXKHO CTATh
IMOHATHO, MoYeMy paHee MBI ocoboe
BHUMaHHE oOpaTHIIM HA TAKOUW napa-
MeTp KaK MarHuTHas MpOHHLae-
MOCTb. MarHuTHass MHOYKLMS BHYT-
> pu ¢eppomarHeTHKa yCUNNBaeTcs, U

T€M OonbllEe, YeM OOJIbLLIE [, CIEeno-
BaT€JbHO, Mbl CMOXEM Y3HaTh, MpH
KaKOi BeJIMYHMHE BHEUIHEro mnoJjs
(peppOMarHeTHK OKaXeTCsI B COCTOS -
HUU HachilieHuss. K coxalaeHHIo,
HaJIMYME TUCTEpE3rca HE MO3BOJSIET
ONHO3HAYHO OINpPENE/SINTh, Kakon Oy-
JE€T MHOYKUMA B npH nNpuioXeHUH
BHELLIHETO MMOJI1 C HANPAXEHHOCTbIO / — 3p€ech BAXHO TAKXE€ YYUTbHIBATb
«IIpenbICTOpHIO» (PEPPOMArHETHKA, TO €ECTh HANPaBJIEHHE M BEJIMUMHY OCTa-
TOYHOW HaMarHu'icHHOCTH. Cnenyer 3alOMHHUTb, YTO MOHSAATHE MarHMUTHOM
NMPOHULI2EMOCTH, NPHBOAMMOE B CNpaBOUYHHMKAX MO TEXHUYECKHUM (eppo-
MarHeTuKaM, OIpeaessieTcst TOJbKO N0 OCHOBHOM KPMBOM HaMarHU4MBa-
HUsi. Mano toro, BeJIMYMHa MarHMTHOM NMPOHHMLAEMOCTH HE IMOCTOSiHHa, a
3aBHMCHUT OT HaIMPSIXXEHHOCTH BHELIIHErO MoJisl, KaK MoKa3aHo Ha pMcC. 2.7.

U3 puc. 2.7 BuIHO, YTO0 MAaKCHMaJbHOE 3HAYEHHUE |,,,, TPOHULIAEMOCTH
| JOCTHUTaeT Npu MpUONMXEHHM K 00JAaCTH. HACBILLIEHUS, TTOCIIE Yero, Mpu
JATILHEULIIEM YBEJIMYEHHUM HANPSAXEHHOCTH f{, HQUMHAETCsl €€ CTPEMMTEb-
Hoe mnaneHue. Kakoil npakTudecKHii BbIBOA MOXHO COENatb M3 3Toro?
Bo-nepBbix, NpOEKTUPYS MHIYKTUBHbBIN 3JIEMEHT, HY>KHO CTPOTO CIEAUTD 32
MHAYKLMEH HacbllIEHHs], 4YTOObI MarHUTONPOBOI TpaHcdopMmaTopa WIHU
CEpACYHUK APOCCENISI HE MOTEPSIJT CBOMX MOJIE3HbIX MAarHUTHBIX CBOMCTB.
W, BO-BTOpBIX, HEIECOOOPA3HEE HCIIONb30BATH B PACUYETax 3HAYEHME Ha-

B HacbiujeHue

Puc. 2.6. CeMeiicTBO nerenb
rucrepesuca

B -
1 max
/
/1 \
A

- / \ B(H)

p=1 4 H
H

Puc. 2.7. 3aBrcuMoCTb IPOHHUAEMOCTH (PeppOMarHe rMka OT HanpsXKeHHOC TH
BHELUHETO MOJIS: W, — HayajlbHasg MarHUTHAasl MPOHHLAEMOCTD;
Mmax — MAKCHMaJIbHasi MarHUTHas [IPOHHLIAEMOCTD

\
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YyajibHOMl MArHMTHOH TPOHHLIaeMo- g4

CTU, 2 He MakCUMasbHOM (00e BeJIU-
YHHbI, TEM HE MEHEE, B CIIPABOYHU-
Kax NPpUBOJSITCS). .

Benuuunel B, v H, asnsiores oc-
HOBHbIMM TEXHHUUECKHMMH XapakTepH-
cTuKaMu deppomarHeTtuka. Ho vaiue
BCero pa3paboOTyMKy MHAYKTUBHOTO
3JIEMEHTA HHTEPECEH HE CTOJIBKO BUJ
METJAM TUCTEPE3UCA /It KOHKPETHOFO
Matepuasia, CKOJIbKO OCTaTOUHOM MH-
JYKUHH, HWHAYKUMM HaChIlEHHs1 U
KO3pUMTHBHOI1 cunbl. Ecnin H, Benu-
Ka, (peppOMarHETUK Ha3blBaCTCs XKe-
CTKMM (KpHMBasi lu Ha puc. 2.8). TaKPﬁ Puc. 2.8. IN'icrepe3rcHbie HUKIIBI
Matepuvas nogouacT Iisi U3roTtoBjac- ¢eppoMarHeTMKoB:

HUS TIOCTOAAHHBIX MAarHMTOB, IIO- 1 — XecTKkuil; 2 — MArKui
CKOJIbKY OyeT HMETb BBICOKOE 3Haue-

HHEe OCTAaTOYHOM MHAYKLHH, OTHAKO /11 MarHUTONPOBOJOB U CEPAEYHHUKOB
WHAYKTHBHBIX 3JIEMEHTOB OH HE TOAMTCS COBEPLUEHHO. [l 3THX ueneit
MOXHO MCIIOJIb30BaTh TOJbKO MaTepuasibl C MSTKOM METNel rucTepe3mrca
(kpuBas 2 Ha puc. 2.8). [Touemy? O6 3TOM Mbl NOrOBOPHM Jajibliie — B IMa-
BE, TOCBSI11IEHHOM OCTaTOYHON MHJAYKLMU U METOAAM €€ CHHUXEHMS.

Eitle oayH HeMaioBaXKHBII napaMeTp, KOTOPbIi clieayeT YYUThIBATD, —
3TO TaK Ha3biBaEMble MOTePM HA rucrepesuc. B nepeMeHHOM MarHMTHOM
TI0JI€ 4ACTh JHEPIUM BCETAA YXONMT Ha NepeMarHHuMBaHue, B pe3yJibTaTe
4yero cepAeyHUK MJIM MarHUTONpoBoa Harpesaercsi. [lotepu Ha rucrepesuc
OOHO3HAYHO CBsI3aHbl C IJIOWAIBIO NETIIM TUCTEPEe3rca — YeM OoJiblle M10-
1waab, TeM Oosblie norepu. Pacyet 3Tux norepb 00s13aTe/IbHO NMPOHU3BOAMT-
Csl MPU NMPOEKTUPOBAHUM MHAYKTHB-
HOTO 3JIEMEHTA. _

A Ternepb HaM nopa BCMOMHMTD,
KaK KOHCTPYKTHBHO YCTpPO€H OOBIK-
HOBEHHBIA HH3KOYACTOTHBIA TpaHC-
¢dopmarop. Hanomuuaem, 4yto KOH-
CTPYKLMsI OYEHb MpocTasi: Ha 3aMK-
HYTOM CTaJlbHOM MAaTrHHUTONPOBOJE
pacrnonoxeHbl 06MoTKU. YTO MOXeT
ObITh Mpoile M 0e30TKa3zHee OOBbIYHO-
ro tpaHcdopmaropa?! Ho B3arnsiHure
Ha puc. 2.9, Ha KOTOpPOM IMOKa3aH
pa3pe3 ceyeHHsl TaKkoro TpaHcgopMa- Puc. 2.9. Paspe3s ceueHus
TOpa. XOpoIUO BHUAHO, UTO MarHUTO~  MarHuTonpoBoja TpaHchopMatopa
NMpoBO HE CIUVIOWHOM, He cAeslaH M3 CO CTaJlbHBIM CEPAEYHUKOM
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LIEJIbHOrO KYyCKa XeJe3a, a HabpaH M3 TOHKHMX IUIaCTHHOK, OTLITAMITOBaH-
HBIX M3 CIEUMAILHOM XOJIOAHOKATAHOW 3JJIEKTPOTEXHUYECKOW CTAJIH.
K yeMy Takue cjioXHOCTH? '
BarnsaneM Ha puc. 2.10. [lepemenHoe maruuTHoe nose B(1), nopoxnae-
MO€ NMEPBUYHON OOMOTKOI1, 3aMBIKA€TCS] B MAarHUTOINIPOBOAE U HABOAUT Ha-
NpsKEHUME BO BTOPUYHBIX 0OMOTKaxX. OHAKO, NMOCKOJIbKY MarHUTONPOBO
- TpaHCc(OpMaTOpa U3roTaBIMBAECTCS M3 SJIEKTPOINPOBOASILLEro MaTepuana, B
€ro TOMNIe BO3HMKAIOT MUKPOTOKH i(1), KOTOphlE Ha3bIBalOT TokamMu PDyKo
WJIM BUXPEBLIMH TOKAMH. DJIEKTPUYECKOE CONPOTUBJIEHUE CTAJIM, KAK U BCS-
KOro MeTaajia, Majo, a 3HaYuT, BUXPEBble TOKU MOIYT AOCTHIraTh 6OJIbIINX
3HayeHuit. HenpusitHocTei ot TokoB PyKO AOCTATOUHO MHOIO: OHH BBI3bI-
BalOT pas3orpes marHuronposona, cHuxawT KIIJ tpaHcdopmaropa B Le-
oM. YeM Bolllie YacToTa NMpeobpa3oBaHUs, TEM, COITIACHO 3aKOHY 3JIEKTPO-
MarHMTHOM MHAYKUMH, Bblllie 3TU MUKPOTOKH. L1t 60pbObl C BUXpEBBIMU
TOKAMM CTaJIbHBIE CepAecYHMKU HabuparoT u3 TOHKUX mnactuH (IL-obpas-
HbI# TUTT) WIKM HAMaThIBAIOT K3 JIEHTHI (TOPOUAAIBHBII THIT). TUNHYHas ToN-
IMHAa Matepuana misi TpaHcgopmaTopoB Ha 4dactoty 50 T cocramisieT
0,35 MM, a s TpaHcgopmaropos Ha yactoty 400 'y — 0,08 mMm. TosiBiieHue
(eppUTOB U MAarHUTOAUIIEKTPUKOB CEIaI0 BO3MOXHbBIM BLINOJTHSITH Mar-
HUTONPOBOABI BHICOKOYACTOTHBIX TPAHC(OPMATOPOB M APOCCENEH CIUIOLI-
HBIMH, MIOTOMY KaK COMPOTUBJIEHHUE 3TUX MaTEPHAJIOB B IECATKH pa3 Oosibliie
CONpPOTUBJIEHHUSA CTANIH.

Puc. 2.10. Buxpesrsie Tokn B TpaHcdopMarTope

Ho He ToNBKO B MAarHUTONPOBOJIE BO3HUKAIOT BUXpEBLIE TOKU. Kak 310
HM KaXeTcs NMapagoKcalbHBIM, HO TOKM PYyKO NpUCYTCTBYIOT U B 0OMOTOY-
HbIX NPOBoZax. B 3ToM Ciryyae OHM BBITECHSIOT OCHOBHOI TOK GJMXKe K TO-
‘BEPXHOCTH TpOBOAA, U B pe3yJbTaTe TOKM BBICOKOM YAaCTOTH OKAa3bIBAKOTCSI
HEPABHOMEPHO pacnpeieIeHHBIMH 110 CEYEHHIO TIPOBOAHHUKA. DTO SIBJIEHHE
4acTo naeT O cebe 3HAThb B CMJIOBOM 3JIEKTPOHMKE M HA3bIBAETCS CKUH-3¢-
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tdexToM. N3-32 HaMuMs CKMH-3(QdeKTa LHeHTpabHash YaCTh NPOBOOHUKOB
CTAHOBMTCS MPOCTO OECIONIe3HOM, pacTeT €ro COMPOTUBICHUE, ITPHYEM YEM
BbIILIE YaCTOTa TOKA, TEM BBILLE CTAHOBHTCsI CONPOTHBIEHHE NMPOBOJHHUKA.
[IoHsiITHO, YTO yBEJIMYEHHE COMPOTHUBIIEHUS YPEBATO NOMNOJIHUTEIbHBIM pa-
3orpeBoM obMoTkH. Ho noBonbHO 06 3TOoM! HaM eue npencronT BEpHYThCS
K CKMH-3(Q(EKTY B ONHOM U3 [JIaB, TAE MBl HAayYMMCsl pacCYMTLIBATh €ro
BKJIa B OOLLUE TETJIOBbIE MOTEPH M Y3HAEM O METOJlaX CHUXEHHUSL.

2.4. MarumTHbIE MaTepuans.l,
UX CBOMCTBa M MeToAbI BbiDOpa

Temnepp, COBEPIUIMB KPAaTKHI 3KCKYPC B TEOPHIO HAMarHMYMBaHUS BellE-
CTBa, Mopa NMO3HAKOMHTHLCS C peajlbHbIMU (PEpPOMarHMTHBIMKM MaTepUaia-
MM, MCNOJIb3yEMbIMH B CUJIOBO# MMMYJIbCHOM TexHMKe. [laneko He Bcskue
(peppoMarHeTHKH NOAOHAYT A1 U3rOTOBJIEHHUSI TpaHC(OPMATOPOB U ApOC-
ceJieit, TeM Gonee BbiCOKouacToTHbIX. Haubosee nopxonsilune cBoicTea, Ko-
TOPBLIMU 1OJIKHBI 06J1a1aTh 3T MaTepHaJibl, TAKOBDI:

e MaTepHas AOJDKEH JIErKO HaMarHUYMBATBCS M pa3MarHWYUBaTLCS, TO

€CTh ObITb MATHUTOMSATKUM — 00J1a1aTh y3KOM MeTIEH rucrepe3uca,
4 MaJjioll KO3PUUTHUBHOM CUJION, OOJIbIIMMM 3HAYEHUSAMU HAYaIbHOM U
MaKCHMaJbHOM MarHMTHON NMPOHMLIAEMOCTH;

e MaTepval A0JKEH obnagath GOMbIUONH MHAYKLWEH HACBILIEHUS, YTO

MO3BOJIMT pa3paboTuMKy YMEHBLIMTb rabapuThl U MacCy 3JIEKTpOTeX-
. HHWYECKHX HU3NEJIMH;

e MaTepHas JOJIKEH UMETh BO3MOXKHO MEHbllIMe TNIOTEPH Ha NMepemMarHu-
YHMBAHHE U BHUXPEBbIE TOKHU;

e MaTepHva JOJIKEH UMETh CAabyr 3aBHCHMOCTb MarHMTHBIX CBOMCTB
OT MEXaHUYECKMX HATIPSKEHUIM THIIA PACTSDKEHHMS U CXKATHS,

e MaTepual AOJLKEH B MaKCMMaJbHOM CTENEHMU COXpaHsSITb MarHUTHHIE
XapaKTEPUCTUKHU NMPU U3MEHEHUM TEMIEPATYpPHl, BIAXXHOCTH, C Teye-
HHEM BPEMEHH. .

B GonplIMHCTBE CIpaBOYHUKOB MarHMTHBIE MaTepHUaibl KJIacCHUPHUIIM-

pPYIOTCS1 MO TPeM OCHOBHBIM IpyMIaM:
@) MPOBOINHHMKOBBIE — JMIEKTPOTEXHUYECKHE CTAJIM M CIJIaBbl (MepMa-
JIOW);

6) NMoNYyNpOBOAHHUKOBEIE — (EPPHTHI;

B) AM3JIEKTPUYECKUE — MarHUTOOUIJIEKTPUKU.

IlpyMeHeHHe MaTepuasoB, OTHOCSIUMXCS K pa3HbIM IpyrinaMm, UMeeT
cBou ocobeHHocTH. IIpM H3roToBIEHUM 3NEKTPOMATHUTHBIX 3JIEMEHTOB,
pa6oraroimx Ha yactotax oT 50 I'm no 10 kI'ly, MCriONb3yIOT 3JEKTPOTEXHU -
yeckMe cTaiu, Ha yactotax oT 5...10 10 20...30 kI'u — 3neKTpoTEXHHYECKHE
CIUIABbI, HAa YaCTOTaX OT HECKOJIbKMX KWIOrepll M Bblllle — (peppHTHI U Mar-
HUTOIMINMEKTPUKHU. OTOEbHBIE BHJIbI 2JIEKTPOTEXHUYECKUX CIUIABOB TaK
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Ha3bIBAEMOro MUKpPOHHOIO IMpokKara paboTaloT Ha 4aCcTOTaxX 10 HECKOJIbKHX
coreH Kuiorepu. Ho B mo6oM ciyuae Hago MOMHUTb, YTO BEPXHSSl 4acTOTa
MaTepuasia OorpaHM4Y€Ha MOTEPSIMU B HEM Ha THCTEPE3MC M BUXPEBBIE TOKH.
Mpbl He G6yneM noapobHO paccMaTpUBaTh JOCTOMHCTBA M HENOCTATKH
3JIEKTPOTEXHUYECKHMX CTajleH, NTOCKOJIbKY OHU B OCHOBHOM HUCIOJIb3YIOTCSH B
HHM3KOYaCTOTHOM CHJIOBOI TEXHHKE — B CETEBBIX TpaHC(OpMaTopax M Cria-
>KMBaOLWMX Apocceisix ¢(UIbTPOB, pacCUyUTaHHbIX Ha yacToTy S0 u 400 T'u.
Cranu He rogsitcs IUisi MPOEKTUPOBAHMS BBICOKOYACTOTHBIX MHAYKTHUBHBIX
" 3JIEMEHTOB. DNEKTPOTEXHMYECKME CIUIaBbl TUNA NIEPMAINOs, UMES 3HauM-
TENbHYIO YYBCTBHUTEJIBHOCTb K MEXaHUYECKHUM ydapaM, JO HEJABHETrO Bpe-
MeHHU ObUTH HemonyasipHbl Y OOAbIUMHCTBA pa3paboTUMKOB MaJIOMOLUHbIX
MCTOYHMKOB nUTaHug. OH3KO TENEpb TEXHOJIOTHS M3TOTOBJIEHHMS HM3ENHI
Ha OCHOBE MepMasUIod caeliafa 3HAaYUTENbHbIM NMPOrPECCUBHBIM 1UAT, MOS-
- BUJIMCh JOCTYIHbIE MarHUTOIIPOBObI 11 U3TOTOBJIEHUSI U3JIEJTUMA HA UX OC-
HoBe. IloaTomy nmoapobHBIi paccka3 0 Marepuanax, BXOASUWMX B Ha3BaHHBIE
BbILLI€ TPYININbI, MBI HQUHEM MMEHHO C JJIEKTPOTEXHHYECKHX CIUIABOB.
[

INEeKTPOTEeXHU4YecCKue Crnsiasbl

B oTiiMumMe OT 2JIEKTPOTEXHUUYECKUMX CTaJIei, B COCTABE KOTOPbIX COllep-
SKUTCS HeOOJblLIOE KOIUUECTBO KpeMHHS (He Gosiee 4%), nepMasiion npea-
CTaBJSIIOT COOOM CIIOXHDIE 110 CTPYKTYpPE CIUIABBI C MMPHUMECHIO XpOMa, HUKE-
Ji, KobasibTa M IpYyrMX METAJIOB, YTO M OOyCNaBIMBAET UX 3aMeyaTeJIbHEIE
cBoiicTBa. Haunbonee M3BeCTHB Takue Mapku nepMmamioes, kak 79HM,
81HMA. O1tu matepuansl BbITYCKalOTCsl B BUAE JIEHTH TonwuHoi ot 0,005
Jo 2,5 MM, 00JafaroT HayalbHOII MarHUTHOM TMPOHULAEMOCTBIO TOPsiKa
10000, MakcuManbHOM MarHMTHOI npoHuuaeMmoctbio okono 200000, uH-
nykuusi HaceiweHus coctasnsieT 0,75 Tn. 'naBHasi npobneMa npuMeHEHUs
Ha3BaHHbLIX TIEPMAJIJIOEB B paMOTIOOUTENIBCKOM MPAaKTUKE COCTOUT B TOM,
4YTO MPOMBbILLJIEHHOCTb HE BbINYCKAET rOTOBLIC CEPAEYHMKH U MAaTHHUTOIPO-
BoAbl M3 3THX MaTepuanoB. CJIOXXHO TaKXe NPUMEHSITh 3TU MAapKH M MpO-
(heccvoHaIbHBIM pa3paboTyMKaM — JajleKO HEé BCAKOE NpPEAnpUSTHE CETo-
OHs obnagaeT HEOOXOAUMBIM 0OOpPYIOBaHUEM MJIst U3TOTOBJIEHUS MArHUTO-
IPOBOAOB M3 MEPMAIOEBOM JIEHTHI.

Ho 310 He o3Hayaer, YTO HYyXHO OTKaBaTbCH OT MCIMOJIb30BAHMUS 3JIEK-
TpoTexHHYeCKHUX cruiaBoB. CerogHsi CTpEMMTEJIbHO BO3pacTaeT ITONyJisip-
HOCTb MHTEPECHOM PAa3HOBUAHOCTH 3JIEKTPOTEXHUYECKHX CIUIAaBOB, Ha3bl-
- BaeMbIX aMop(HBIMM MATHUTOMATKMMH ciiaBaMi. OHHM OTJIMYAIOTCS OT KPH-
CTAJUIMYECKUX, K KOTOPbIM OTHOCATCH [MEPMAJJIOU, YJIYYlIleHHBIMU
MarHMTHBIMH M MEXaHHYeCKMMH CBOHCTBaMH, BBICOKMM COOCTBEHHBIM
JIEKTPUUYECKHM COMPOTUBIIEHUEM, MAJILIMHU MOTEPSIMU HAa TUCTEPE3UC, BUX-
peBble TOKM — B cpeaHeM B 3...5 pa3 MeEHblle, 4eM Y KPUCTAUIUYECKHUX
ciuiaBoB.” M, yT0 HeMasoBaXXHO, IPOMBIIJIEHHOCTh BBHINYCKAET LIMPOKYIO
HOMEHKJIATYPy M3AeNuil U3 aMop(PHbIX CI1aBOB.
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BenyliuM oT€YECTBEHHBIM MpEANPUSATHEM MO NPOU3BOACTBY H3AEIHIA
u3 31ux cruiasoB spisietcss HITO «I'ammamer». Ilonpobnyio mHQpopmMalimio
YMTATEIM CMOTIYT TMOJYYUTh HAa MHTEpHET-caite npennpusitus [11], a mbi

KpaTKO paCCKaXXEM O NMPOU3BOJHUMBIX N3OCTTUAX.

Haubonee pacnpocTpaHeHHass HOMEHKIATYpa NMpeanpusiTUS — KOJIbLie-
Bble MArHUTOIPOBOABI C HAPYXHBIM AHaMeTpom 10 600 MM, BLICOTOI, KpaT-

Ta6bnuua 2.1. NapameTpbi amopdHbIX cnnaeos TMna l'M

Mapka B, Tn Ky O.€.7 Hmaxs O-€- H., A/m
IM412A 1,12 10000 " 600000 1,2
rM414 1,15 60000 300000 1,0
ITM440A 1,5 1000 200000 4,0
rM501 0,43 150000 600000 0,15
IM503A 0,58 5000 150000 0,2
IM515A 0,95 150 250000 1,5
IM11JC 0,32 70000 150000 0,4
'M141C 0,8 20000 50000 2,0
IM32/1C 0,75 7000 200000 2,0
M33C 0,4 3000 600000 0,5
'M42JIC 0,75 20000 25000 2,0
M43/1C 0,4 35000 40000 0,5
M451C 0,7 1200 1250 2,5
I'M541C-1000 0,8 1000 1100 3,0
rM54J1C-700 0,8 700 760 3,0
M54/1C-500 0,8 500 540 3,0 |
IM5471C-350 0,8 350 370 3,0

| TM541C-250 0,8 250 260 3,0
'M54J1C-200 0,8 200 215 3,0
IM5471C-140 0,8 140 150 3,0,
M5471C-90 0,8 90 96 4,0

r IM5471C-60 0,8 | 0 64 40 —_:—J
IM54J1C-40 0,8 40 42 4,0
IM54]1C-30 0,8 30 31 40 |
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Hoit 5 MM. Beimyckarorcst Takxe ['1-06pa3Hbele MarHUTOMIPOBO/IbI U MATHHTO-
MpoBoOAbl NpssMoyrosbHoro (crepxHeBoro) tuna. Vlapenuss U3 amopdHoro
cryiaBa Mapok I'M paboTtatoT B nuamna3oHe temneparyp or —60 no +125 °C.

L

N

Puc. 2.11. Kpupasi HamariuyuBaHua Matepyana I'M 321C
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Puc. 2.12. CemeiicTBO KpMBBIX HaMarHMuuBaHus Marepuana ['M54]/1C
' - ¢ npoHuuaemMoctoio 30...1000
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HUmeroTcsi nBe pa3HOBUAHOCTH M3AeJIUH — IMOMELAeMbIX B 3alliIUTHbIE KOH-
Tei{HepB! U3 MOJIMIIPONUIEHA 1 KOMOMHUPOBAHHBIE KOHTEHHEPH, a TaKXe
rnocrtapiasieMble 6€3 KOHTeliHepa. BepxHsisi rpaHULIa paboyeii YacToThl MaTe-
pUaia, KaKk yKa3aHO B TEXHHUYECKHX YCNOBUAX, cocTaBisgeT 200 kI'u.

MarHuTHbIE CBOMCTBA HanboJIee PacpoOCTPaHEHHBIX MAPOK crutaBa ['M
NpuBeaeHbl B TaOn. 2.1.

Ha puc. 2,11 u 2.12 npuBeneHbl KpMBbIe HAMarHMYKMBaHKA MaTEPHAIOB
mapok 'M321C u I'M54/1C.

Oco6oe BHUMaHKME YUTATEITIO ClleAyeT oOpaTHTh Ha Mai HWTOIPOBOJIbI U3
Marepuana I M54J1C. 3TH MarHMTONPOBOkl, UMEIOLLIME BO3AYLIHBIM 3a30p,
MOTYT ObITH UCIIOJIL30BAHbI I HAMOTKH MOLUHLIX ApOCceiiei, «paborato-
LWHX» B PEXMME MOAMAarHMYMBaHUS MOCTOSSHHBIM TOKOM M C MEHSIOUIMMM-
CS1 OIHOMIOAPHBIMU TOKaMU. O TOM, KaK BO3AYLUHBIH 3230p BAUsAET HAa Mar-
HUTHBIE XapaKTEPUCTHUKH, Mbl MOAPOOHO MOrOBOPHM IMO3XKE.

deppuThl

DTH Matepuanbl Haubosiee YacTO MCMONb3YIOTCS B CUJIOBOI MMITYJIbC-
‘HOH TexHuke. OHU NpeacTaBisiioT coboi NMONMMKPUCTANIMYECKUE MHOTO-
KOMITOHEHTHBIE COENUHCHUSI, M3rOoTaBJMBaeMble TIO 0CODOI TEXHOJIOIMH,
ob1as xumuyeckas ¢opMmysna koropeix MeFe,Q, (rne Me — kakoii-nm6o
¢dbeppomarueTuk, HanpuMep, Mn, Zn, Ni). SABnssice nonynpoBogHHKaMH,
tepputhl 06J1a1a10T BHICOKMMU 3HAaYE€HUSIMU CODCTBEHHOrO 3JIEKTPHYECKO-
ro CONpOTUBJIEHHUS], NPEBBILLAIOLIET0 CONPOTUBIEHUE cTajen B 50 pa3 U 60-
nee. MMeHHO 3TO 00GCTOATENILCTBO NMO3BOJISIET MPUMEHATh GHEeppUTHl B UH-
OYKTUBHBIX 2JIeMeHTaX, pabOTaloIMX Ha BBICOKMX YacTOTax, 6e3 onaceHus,
YTO MOTYT PE3KO IMOBBICUTHCA MOTEPH HA BUXPEBBIE TOKM,

Haubonpliee pacripocTpaHeHUE B CUIOBOM TEXHHKE MOJ/Ty4YHJIH OTEYECT-
BEHHbIE MapraHel-IIMHKOBbIe ¢eppUThl MapoKk HM M HMKe/b-LIMHKOBLIE
depputh mapok HH. Ilpu BeiGope Mexay 3TUMU MapKaMM NpeArnoyTeHue,
KOHE4YHo, cienyeT otaaTh pepputaM Mapok HM, nockosibKy oHHM UMEIOT 60-
Jiee BBICOKYIO TeMrepatypy Kiopu (temnepartypa, nmpu KoTtopoi ¢geppomar-
HETHKH TepSIOT CBOM (pe ppOMarHMTHBIE CBOIMCTBA), UTO NO3BOJISIET IKCIUTya-
TUpPOBaTh UX IpH OoJiee BLICOKMX TeMIlepaTypax neperpesa. Ilorepu Ha ruc-
Tepe3uC y MapraHeu-UMHKOBBIX (PEppHTOB Ha MNOpSAOK MEHbLUE, YEM Y
HUKeJb-UMHKOBBIX. Pepputhl Mapok HM ob6nanaior BhicoKoii cTabuibHO-
CThIO K BO3IENCTBUIO MEXaHUYECKHUX HArpy30K. OIHaKO 3NeKTPHUUYECKOE CO-
npotuBieHue ¢eppuroB Mapok HM meHblue, yueM ¢peppuroB Mapok HH,
MO3TOMY MOCJIEAHUE MOTYT 3KCIUTyaTUpOBATLCS HA BoJiee BbICOKHUX 4acTOTax.

OtMeTHM U3 HanboJiee YyacTo BCTPEYalOLLMXCS HHKEIb-LMHKOBbIE dep-
puthl Mapok 2000HH, 1000HH, 600HH, 200HH, 100HH. BepxHeit rpanu-
Leil paboueit obnactv 4Yactot sl HuX ABsiercsa S...7 MI'u. MapraHue-

BO-LIMHKOBBIE HETEPMOCTAOUJIbHBIC BBICOKOIIPOHULIaEMbIE (PeppUTHl MapoK
6000HM, 4000HM, 3000HM, 2000HM, 1500HM (puc. 2.13), 1000HM -
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Puc. 2.13. Kpupasi HamarHnunsaHus ¢epputa 1500HM3 npy pasnnyHbix
TeMmnepatypax M yactorax: 1 — 20 xl'u, 2 — 50 xI'u, 3 — 100 k'

MCIIOJIL3YIOTCSt B YACTOTHOM 1Mara3oHe 0 HECKOJIbKUX COT KWJIorepl| B MH-
TepBaiie Temneparyp —60...+100 °C, korna TepMOCTabHUILHOCTDL HE ABJISIETCH
OIpenensolMM rapaMeTpoM. B MpoTUBHOM cilyyae cieayeT MCIOb30BaTh
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Puc. 2.14. KpuBas HaMarHWYMBaHUSA
depputa 2500HMCI upu yacrore 20 kI

‘

TEpMOCTAOUJILHBIE beppuThl
2000HM3, 2000HM1, 1500HM3,
1500HM1, 1000HM3, 700HM.
BnobaBok K TepMOCTaGMIIBHOCTH
(eppuTh 3TUX MapokK o00yiagaroT
MEHBLIMMH TOTEPSAMU Ha BHUXpE-
Bble TOKM W OOJIbLLIMM JHanaso-
Hom vacror (0,3...1,5 MI'n). Ias
MMITYJIbCHBIX HCTOYHHKOB TEPMO-
CTaOMJILHOCTD HE SIBJISIETCH ONpe-
JeJIsolMM (haKTOPOM.

B cpenHux M 0COOGEHHO,
CHJIbHBIX monsix (B > 0,1 Tn) xo-
pollo TNMpUMEHSTh GeppUThH Ma-
pok 4000HMC, 3000HMC,
2500HMC1, 2500HMC2. Pe-
3yJIbTaThl MCCJIEAOBAHUM, NpPUBE-
JeHHble B [12], moKa3plBaKwT, 4TO
JIYYLIMMH TIpeNCTaBUTENSIMU B

3TOH rpynne gBisioTcs QeppUTHI
2500HMC1 u 2500HMC2.
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Tabnnua 2.2. NapameTpbl

”~

¢eppuToB mapok 2500HMC1 n 2500HMC2 [18] .
Napamer, O6oaua- | ., ) 2500HM61 2500HMC2
pa P YyeHue : )

’ 4500 4500
HavanbHas MarHuTHas o : 0
NMPOHMLIAEMOCTD MNMPU My — (mp Zl%)(()) C) (np 2120% ©
B — 0,2 TJI, f_ 16 KrII (np” 120 oC) (np" 120 cC)
KpuTHyeckast yactora | MIu | 0,4 0,4

' _ 10,5 8,5
YienbHble 00bEMHBIE i MKBT (nipu 25 °C) (ipu 25 °C)
MarHUTHBIE TOTEPH NpU Ps, ol g 7 6.0
B—0,2Tn f— 16 xT'u ’ ’

(mpu 100 °C) | (mpu 100 °C)

MarHuTHasi MHOYKLUS TpU

H = 240 A/wm B MTn 290 330
W HOyKuMst HaChiLLEHUS B, MTn 450 470
OcTtaToyHass MarHMUTHast

MHIYKLUS Br MTn 100 90
Temneparypa Kiopu : T, °C >200 >200
IMnotHOCTD - r/cm3 1 1
YIenbHOE 3MeKTPUYECKOE

COINPOTHBJIEHHE p Omm - 4,9 4.9
KospuutuBHas cuia H, A/M 16 16

Ipumenenne deppuroB Mapok 2500HMC u 2500HMCI (puc. 2.14)
ITO3BOJISIET YMEHBIIMTh Maccy M rabapuTthl TpaHcdopMaTropa COOTBETCTBEH-
Ho Ha 8 u 15%, a py coXpaHeHHU TMPEeXHUX TUTIOPAa3MEPOB — YBEJIUYUTH
MoOLUHOCTD Ha 20%.

B 1aGn. 2.3 npuBeneHbl napaMeTpbl HaMbOJIEe YAacTO BCTPEYAIOLIUXCS
¢eppuroB mapok HM u HH. ,

B HacTosiiuee BpeMs y pa3paboTUMKOB CHJIOBOM MMIYJIBCHONW TEXHUKH
CTAHOBSITCSI Bce OoJiee MOMyJsipHbIMM UMNOPTHBIE U3Aesusd U3 (eppHUTOB.
OHM B JOCTaTOYHOM KOJIMYECTBE MPUCYTCTBYIOT HA OT€YECTBEHHOM PBIHKE.
Kak moka3biBaeT npakTuka, (eppuThl, BeITTycKaeMble ¢upmMoil «Epcos»
[13], mpeBocXOaAT MO CBOMM XapaKTepPUCTHKAM OTeuyeCTBEHHbIE (eppuUTHI,
[1aBHBIM 06pa3oM, B OTHOLLIEHHH MMOHMXEHHBIX NOTEPh HA THCTEPE3UC U Ha
BuUXpeBbie TOkM. KpoMe TOro, HoMeHKJI1aTypa KOH(pHUrypalvii MarHUTOMNpo-
BOOOB, M3roTaBJIMBAEMbIX M3 3TUX (PEppHUTOB, 3HAUUTENHHO OoJiee MpOoKa.
IIpaBaa, noka CTOUMOCTH MMITOPTHBIX M3aeNuit 60JblIE, YEM OTEYECTBEH-
HbIX, MTO3TOMY YMTATEJIO NPENOCTABIISIETC BO3MOXHOCTh CAMOCTOSITENIbHO-
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Tabnuua 2.3. NapameTpbl Hanbonee 4acTo BCTPE4HAIOLWMNXCSH
¢eppuroB mapok HH n HMS500

Mapa | gt || BuTa || ToC | BT | e
2000HM3 | 1700—2500 | 3500 | 0,35--0,4 . 0,5 200 0,12 I 25 N
2000HM1 1700—2500 | 3500 0,38—0,4 0,5 200 0,12 i 25 N
1500HM3 | 1200—1800 | 3000 | 0,35—0,4 | 1,5 200 008 | 16 |
I1500HM1 | 1200—1800 | 3000 | 0,35—0,4 0,7 200 — 16
2000HM 2000 3500 | 0,38—0,4 | 0,45 200 0,12 24
100HH 80—120 850 — 7,0- 120 — 15
400HH 350—500 1100 0,25 3,5 110 0,12 64
600HH 500—800 1600 0,31 1,5 110 0,14 32
1000HH 800—1200 | 3000 0,27 0,4 110 0,15 20

Tabnuua 2.4. MNapameTpbl UMNOPTHLIX ¢eppmdn dupmbl «<Epcos»
Mapka Ma'repuan M, O.€e. B,,Tn H,, A/m
Kl Ni-Zn SO 0,31 380
M33 Mn-Zn 750 0,4 80
N22 Mn-Zn 2300 0,28 18
N27 Mn-Zn 2000 - 0,5 : 22
N4l Mn-Zn 2800 0,49 22
N48 Mn-Zn 2300 ' 0,42 26
N49 Mn-Zn 1300 0,46 18
N67 Mn-Zn 2100 0,48 22
N72 . Mn-Zn 2500 0,48 15
N87 Mn-Zn 2200 B 0,48 E —

ro BbiOopa MeXIy CTOUMOCTEIO M KauyecTBoM. B Ta6ia. 2.4 npuBeaeHH 1apa-
MeTpbl HanboJiee NMONyJIPHBIX MAPOK, BHIITyCKaeMbIX «Epcos».

Ellie O1HO O6CTOSATENBCTBO B MOJIb3Y NPUMEHEHUS UMINIOPTHHIX heppH -
ToB GupMbl «Epcos» — Hanuyme cBoOOIHO pacipoCTpaHsIEMOl MPOIPaMMbl
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Ferrite Magnetic Design Tools, koTopast BU3yaIu3UpyeT MarHUTHEIE XapakK-
TEPUCTUKM BCEX IpelaraeMbiX MaTepHaiOB, NO3BOJISIET OCTPOUTH MHOXeE-
CTBO rpa(uKOB, OTpaXaloLIuX MOBeleHHE (PEPPUTOB B Pa3HBIX YCIOBMSIX,
HanpuMep, NpH pazHoil Temmneparype, paboueil yactote (3TH AaHHBIE MOX-
HO NOJIYYUTDb NPH HAXXaTUM Ha KHONKY Material Properties). Jlns Matepuana
N27 pe3synbsrarbl 0TOOpaXKeHUS1 KPUBOH HAMarHMYMBAHUS U pacueTa Iervio-
BBIX MOTePb NpHUBEIEHBI Ha puc. 2.15, a, 6.

PCOS atic Dusgh Too @ 53

£ Motaral Properies  Core Caloulebon 3 g Ay e wa o T : -
Mamniproouios | CoreCaltsnon | 5 v [ 3¢ Cow ]ﬁcm [Bom Jam Jo e
: ol
a)
EPCOS - Forrts Wagnetic Desin 1001 3.0 : —
Fie * Matersl Properties . Lora Cakculation Help P R T § F
6)

Pnc. 2.15. lpencrasieHue xapakKTepuCcTUK
Marepuasia N27 B nporpamme Ferrite Magnetic Design Tools:
a) KpyBasi HAMarHMYMBaHUA; 0) TEIVIOBLIE MOTEPU
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JornonHutenbHble BO3BMOXHOCTH MPOTrpaMMBbl pacKpbIBalOTCs TIPHU Ha-
" xatun KHonKH Core Calculation. B 3ToM pexxuMe riporn3BoamTcsl BLIGOD TH-
IMOHOMMHAIA MarHMTONPOBOAA U MaTEpUaJIa, Iocjie OKOHYaHUst Bbibopa oT-
PaXalTCsl OCHOBHBIE FEOMETPUYECKME U MAarHMTHbIE XapaKTEPUCTUKU Bbl-
6paHHOro MarHMTONpPOBOAA, TYT XK€ MOXHO pacCYMTaTh TEMJIOBLIE MOTEPH,
3Haue€HHe peKOMeHIyeMoii paboyeil BeJIMUMHbI MATHUTHON MHAYKUMH, KO-
JIMYECTBO BUTKOB B THIIOBBLIX BKJIIOUEHHSIX. .
IlonyumTs CBEXYIO BEpCHIO IPOrpaMMbl MOXHO C cailta ¢pupmbl. Kpome
Toro, Bepcusi 3.0 HaxonuTCAd Ha NMpUJIAraeMoOM K KHUIe KOMIAaKT-JIHCKE.

MaI'HVITOp,VIQJ'IeKTpMKM

MaruuToanaJieKTpMKH BKJIKOYAIOT B CBOM COCTaB MEJIKOMOMOJIOTBIE T10-
poluKkH, obinamaroniye MarHUTHBIMM CBOMCTBaMH, U CBSI3YIOLLIMIM OUIJIEK-
TPHYECKMI1 MaTEPUAJl HA OCHOBE IONUCTUpOJIA. JacTulbl MarHeTUKa oTae-
JIEHBI JpYT OT Apyra nU3JIEKTPUUYECKOM CpenoH, SIBIISTIOLIENCS ONHOBPEMEH -
HO 3JIEKTPHUECKOH M30onsLMeil 1 MEXaHMYECKOil CBA3KOI BCeil CHCTEMBI.

MarHuTHasi IPOHMLIAEMOCTb MarHUTOAUIJIEKTPUKOB HEBEJIUKA (OT HE-
CKOJIbKMX €IMHUL Ao coteH). bnaronapsi 6onplioMy pa3MarHUyuBaloLLEMy
3¢ dexTy MmapameTpbl MarHUTOAMINEKTPHKOB MaJio 3aBUCHMBI OT BHELIHMX
noneil. PacrnipocTpaHeHbl TpU OCHOBHBIE T'pyIlMbl MarHUTOAWUIJIEKTPUKOB:
anbcu@epbl, KApOOHUIILHOE Xele30, MpeccrnepMsbl.

KapOoHnnbHoe XeJjie30 NPMMEHSIOT B OCHOBHOM 111 MHAYKTUBHBIX Ka-
TylleK Majiol 3HeproeMkocTH. HayanbHasi MarHuTHasi TpPOHMLIAEMOCTb
KapGoHunbHoro xene3a coctapisier 10...15, makcumanbHas pabouast yacto-
ta wig Mapku MP-10 cocrasnsier 10 My, mng MP-20 — 20 MI'u, mns
MP-100 — 100 MI'u. Beuay toro 4yro KapOGoOHWIBHOE XKeye30 Booblile He
BCTpEYaeTCA B CUJIOBOM UMNYJILCHOM TEXHUKE, Mbl HE By/ieM noapobHo pac-
CMaTpHUBaTh 3TOT BUJ (peppOMAarHUTHOIO MaTepuana.

Anscudepsl — LIMPOKO NPUMEHSIEMBII B CUJIOBOM UMITYJIbCHOM TEXHUKE
BUJI MarHUTOAUINIEKTpUKOB. OCHOBY MarHMTHOIO HarnoJHHUTeNsT ajbCUde-
pPOB cocCTaB/sieT TpoiHoil craB Al-Si-Fe (anmoMmuHMii, KpeMHUI, Xeme30).
OTe4yeCTBEHHOM NMPOMBILIEHHOCTBIO BhINYCKaeTcsd 6 Mapok ajibCU(epoB C
OTHOCHTE/IbLHOM NMPOHHLIaeMocThio OT 22 o 90, npenHa3HaYeHHBIX A7 pa-
6oTbl B MHTEpBaie Temmepatyp ot —60 no +120 °C. BykBsl B HazBaHUM Ma-
POK O3HAYaloT:

e TY — ToHanbHas 4yacrorta:

e BU — BricOkas yacrora;

e K — ¢ KOMIEHCHUpPOBAHHBIM TeMINepaTypHbiM KO3(GPUIIMEHTOM Mar-

HUTHOMN NMPOHHUILIAEMOCTH.

OcHoBHBbIE NMapaMmeTpbl anbCHU(pepoB MpuBeAcHH B Tabi. 2.5. Ha rpagm-

Ke puc. 2.16 mpuBelieHbl KpHMBbiE HaMarHMYMBaHHS ajbcu(epoB MapoK
TY-60, TY-32, BU-22.
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Tabnuua 2.5. NapameTpbl oTe4eCTBEHHbIX anbcudepoB

Mapka n ' 5,103 f, My Mapxupogka
T4Y-90 79—91 3,0 0,02 Cunnit
TY-60 56—63 2,0 0,07 . YepHbiii
TYK-55 48—58 2,0 0,07 KpacHbiit
BY-32 28—33 1,2 0,20 Benbrit
BY-22 19—-24 2,0 0,70 3eneHblii
BYK-22 _ 19—-24 2,0 0,70 XKentbiit
8y — KO3(PHUMEHT TNOTEPh HA TUCTEPEIUC

KoadpuumneHt noteps Ha ructe- B, Tn

pe3uc y anbcudepoB OcTaeTcs MocTo- 0,5 1

SIHHBIM JIMIUb INPU CJAObIX TTOJIsIX. -

[Ipy NOBBILIEHWHU HANPSXEHHOCTH 04

T1OJIs1 OH CHUXKAETCS U B TOJIIX NOpsil-

ka 1500—2000 A/m cuuxaercst jo 0,1 03 9 2

CBOET0 HAYyaJIbHOTrO 3HAUCHMs. Takas N e

3aBHCUMOCTDb OOBSICHSICTCS TEM, YTO B 0.2 / /7 |3

cnabbIX nonsx raowanb neTiy rucre- 01 N,

pe3uca anbcudepa pacteT npomop- ||

LIMOHAJIBHO TpeTbei CTEMeHM Harpsi- —

XeHHoCcTHM BHewHero nons (H?), a B 8 8 8 8 H, A/M
- o < [ {e]

CHUJIBHBIX — MeEJIEHHEE.

IlpeccnepMbl — MarHUTOOMSJIEK-
TPMKH, TPOU3BOAMMBIE HAa OCHOBE
Mo-nepmannos. U3rotoBasiior ux m3
MEJIKOTO METAUJIMYECKOro IOopoLlKa

Puc. 2.16. KpuBble HaMarHHYHBaHMs
abCUDEPOB:
1 — TY-60; 2 — TY-32; 3 — BY-22

Ha ©0a3e¢ BBICOKOHHMKEJIEBOIO IEPMAUIOS, JIETMPOBAHHOrO MOJHOIEHOM.
IIpeccniepMbl 06/1a0210T MOBBILLIEHHOW MAarHMTHOM NMPOHWLIAEMOCTbIO, HH3-
KHM YPOBHEM rMCTE€pe3UCHBIX NoTepb. OTeyeCTBEHHOMH NPOMBILLIIEHHOCTBIO
pa3paboranbl 10 Mapok npeccnepMoB (5 HeTEpMOKOMIIEHCHMPOBaHHBIX M
~ CTOJIBKO K€ TEpMOKOMIIEHCHUPOBaHHBIX). [TapaMeTpbl HEKOTOPBIX IPEACTa-
BUTEJIeH npuBedeHbl B Tabn. 2.6. B oGo3HayeHuM TEPMOKOMITEHCHUPOBAH-
HbIX npeccrniepMoB notapnsiercss 6ykBa «K». Llngpa B 0603HayeHun map-
KU — 3TO HOMHMHAJIbHAs MAarHWUTHAs IPOHULIAEMOCTb. BepxHssi paGouas
yactora MO-niepMamioeBbix cepaeyHHUKOB coctansieT 100 kI

Ha puc. 2.17 npuBelieHbl KpHMBbIE HAMarHMYMBaHHs NPECCNEPMOB Hau-

Oonee pacnpoCTpaHEHHBIX MapoK.
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Tabnuua 2.6. MapameTpsbl 0OTE4ECTBEHHbIX NPEecCCNepmMoB

Mapka £, , kM “C " 5,103
MTI1-60 100 -60...+85 55 1,5
MTI-100 100 ~60...+85 10 2,0
MI1-140 100 —60...+85 140 2,0
MIT-250 100 -60...+85 250 3.0
lB. Th M
0,8 /__ 1

2
0.7 ,/ 74 7: 3 - 280
' g /
w4
s AN A o
| / /4 AN
0.4 V///AV/4 160 AN
' ey/4
WY |
0,3 ] V 120 ~~. —{ 4
/// ::qvﬂ’z
0,2 80 /,J,—— L )
— ~T 4
0,1 40
0
o o (] o (o] [ew] (@] (e ]
8 8 & € HAm 8 &8 & ¢ H, Am -
- o <r [{e] A md o <r [{e]
a) 6)

Puc. 2. 17‘ a) KpHUBbIE HAMATHUYMBAHUS NPeCCIIEPMOB;
6) KPHBbIE H3MEHEHHs POHULIAEMOCTH OT HANPSXXEHHOCTH BHELUHETO MOJIs:
1 — MI1-250; 2 — MII-140; 3 — MII-100; 4 — MIT-60

]

2.5. Uspenua ns deppomMmarHnTHbiX MaTepunanos

OTH U3NENIUS, U3rOTaBIMBAIOLIIUECS] Ha OCHOBE (heppOMarHMTHLIX MaTe-
pPHUAJIOB, YIIOMSIHYTbIX BHILLIE, UCTIOHB3YIOTCSt B KauecTBe nomnydhabpHUKaToB
IUI1 HAMOTKM TpaHcdopMaTopoB M Apocceneil. HoMeHKaTypa Bbinyckae-
MBIX JIEKTPOTEXHUYECKMX M3AEIMI CTONb LIMPOKa, YTY B paMKax JaHHOM
KHMIH Bpsi)l JIM yHactest paccka3aTs 000 BCEX TUIOHOMMHanax. BripoueM,
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TAaKOH HEOOXOMMMOCTH M HET — CYHIECTBYET [0CTAaTOYHOE KOJHYECTBO
CIIpaBOYHUKOB, HanpuMep, [14—20]. 3aeck ke KOPOTKO HATOMHHUM OCHOB-
HbI€ BHJbl U3[ENHI, C KOTOPHIMU Mbl B OCHOBHOM OyneM HMMEThb AeJio NpHU
pa3spaboTKE HMMIYJIbCHBIX YCTPOMCTB: KOJIbLIEBBIE MarHMTOIpoBoAbl (ring
cores), CTEPXHEBBIE CEPIEYHUKHU KPYINoro ceuyeHusi (rod cores), CTepxHe-
Bble CEpAEYHMKM TpsMOyroyipHoro cedenusi (plate cores), 6poHeBbie Ya-
LLIe4YHble MAarHUTOIPOBOILI (pot cores), 6poHeBbie 111-06pa3HbEle MarHMTO-
nposoabl (E cores), 6poHeBrie MaruuTonposonbl THa KB (RM cores).
B ta6n. 2.7 nprBeneHbl OCHOBHBIE BUALI MarHUTONIPOBOAOB, YIIOMSIHYTHIE B
3TOM pa3gelie. '

DTH THIIbI OCBOEHBI OTEYECTBEHHOM NMPOMBILLIJIEHHOCTBIO, HANTAXKEHO UX
MAacCcoBO€ MPou3BoaCTBO. Heckonbko NMoapoOHee ciaenayeT cka3aThb O MarHu-
tornpoBodax Tuna KB, HenpaBHO MOSIBMBLIMXCSE HA OTEYECTBEHHOM PbIHKE.
KB-MarHuronpoBoabl BHELIHE HAaNMOMMWHAIOT OPOHEBHIE YallleYHbIE MarHu-
TONPOBOJbI C BBIPE3aHHBIMM ceKTOpaMH. HeM ynoOHa Takasi KOHCTPYKLIMSI?
Jeno B TOM, UTO B KN1acCUYECKMX MarHMTONpoBoaax Tura «Y» npeaycmorpe-
Hbl Y3KHeE ITpOpe3H U1l IPOBOJIOYHBIX BEIBOJIOB, KOTOPBIE BIIAMBAIOTCS B IE-
YaTHYIO TJIaTy. 3TO He JOJDKHO CMYLUATh panyosiiobureneil, KOTopble U3ro-
TaBJIMBAIOT €IMHUYHBIE 0Opa3Lbl, @ BOT B MPOMBILJIEHHOM IPOM3BOJICTBE
OYE€Hb BaXXHO Y3KOHOMMTb TPyA03aTpaThl — BeJb OHH HanpsIMYIO CBSI3aHBI CO
cToumMocTbio nponykuuu! Oka3sbiBaeTcs, 4to wisi KB-MarHuronpoBonos He-
CJIOXKHO U3rOTOBUTb METOJIOM JIMThs MOJIMCTHPOJIOBLI KapKac ¢ BbIBOJAMH
(TakMe KapKachl CErOaHSI MOXXHO NMPHOOPECTH), HAMOTAaTh HA HEM OOMOTKH,
YCTAHOBUTh KaTyllIKy B MarHUTOTNPOBOJ U MPOCTO BHasITh COOpaHHbII1 31e-
_MEHT B YCTAHOBOYHOE MecTo. HeT HeoOXOoAMMOGTH 3aYyMLLIATh BBIBOObI, MC-
KaTb HY>KHOE OTBEPCTHE (€C/IM BbIBOJAOB MHOro). Ho 310 euie He BCe: CeKTop-
HBIH BBIPE3 U1l BBIBOAOB JIONOJTHHUTEIbHO BEHTWJIUPYET KATYLIKY, CHHXXas €€
Temnepatypy. M3roroButeneii MarHMTONMPOBOAOB IMPHBIEKAET CHHKEHHast
' MaTepHalIOeMKOCTh MO CPaBHEHHIO C JIPYTMMM aHAJIOTUMHBIMU THITAMH.

 CTOMT TaKXKe YNIOMSTHYTb O THIIax, KOTOpbIE NIOKA HE TIPOM3BOASTCS OTe-
yecTBEHHBIMU npennpustusiMi. Marautonposoa tina ETD (ETD core) B
3HAYMTENbHOI cTerneHru HanomuHaet III-o6pa3Hbiii MarHUTOMpPOBON
(E core), HO siBjisieTCs pa3BUTHEM TakKOil KOHCTpYKUuMH (pHc. 2.18).

B yeM ee npeumyluectso? Kak u3BecTHO, Hanbosee MIOTHO OOMOTKA
JIOXUTCSI Ha Kapkac nuinHapuyeckoro tuna. Kinaccuueckuit HI-o06pasHeiii
MAarHUTONpPOBO/ 3aCTABJISAET BHINOJIHSATh KAPKAcC ¢ OCTPBIMM IpaHsIMH, U3-32
yero obpa3yroTcsl IyCTOTHl, He 3anoJlHEHHbIE OOMOTKOM (06MOTKa Kak Obl
«pa3byxaet»). M3 puc. 2.18 BuagHo, uto HeHTpaibHbINA KepH ETD marnuro-
NIpOBOJIA MMEET KPYIJIOE CeYeHHE, a B OOKOBBIX KE€pHax cAelaHbl BHIEMKHU
noa oOMOTKY. X

KoHctpykTuBHBIMH paszHoBUaHOCTSMU ETD-thna sensercss Tun EC
(oTyIM4aeTcst Criocod CTSKKM NMonoBUHOK) U TN ER. ITocnenHuit HaszpiBaeT-
cs HU3KoNpPo(MIbHBIM, TaK KaK TMO3BOJISIET M3rOTOBHTb MHAYKTUBHBIN 3J1€-
MEHT MaJIOM BbICOTHI. :
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Tabnuua 2.7. OCHOBHbIE BUABI MarHUTONPOBOAOB U cep,q,elmuxon

BHewHuis BUA

Sy

HaaeaHue

%

KonbLeBoit
MarHMTOnpoBOAd
(ring core)

Wndp
unsgenua

OcHoOBHble
. pa3smepbl

D-d-h

CrepXHeBoii ceprey-
HHUK MPSAMOYTOJIbHOTO
ceueHus (plate core)

CrepXHeBOIi ceprey-
HUK KpPYIJIOTO CEYeHUs

(rod core)

bponepoii 111-06pa3-
HbI MarHUTONpPOBON
(E core)

bpoHesoit
YalieyHbI i
MarHUTONpoOBOA
(pot core)

Puc. 2.18. Marsuronposon Tuna ETI)
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Mpoponxenue Tabn. 2.7

3

Wudp OcHoBHbIE
m3apenuva | pasmepbl

BHelwuHuWA BUAQ, HaaBaHue

d
©
BbponeBoit Mar-
2 ) HHUTONPOBOIL
KB
2h tHna KB
l‘ 'l (RM core)
_pHe-
\
N
\\
< UI © di - dy
N

Elle ooMH OpMIMHaJIBHBI TUIT MarHUTOIPOBONA, IIPMBEACHHBIA Ha
puc. 2.19, umeer HaumeHoBaHue- EFD (EFD core). 310 TOXE pa3HOBUIHOCTD
[I-06pa3Horo THma, HO ITO3BOJAIONIAA KOHCTPYKTHBHO PACIOJIOXUTh WH-
JYKTHUBHBIH 3JIEMEHT FOPU30HTANIbHO, @ 3HAYUT, CAKOHOMUTD Ha BLICOTE, pa3-
paboTaTh KoMnakTHoe usnenue. Berpeuaercs EFD-THn B OCHOBHOM B MM-
NyJIbCHBIX UCTOYHHMKAX MUTaHUSA, PACCYUTAHHBIX Ha HEOOJIbLIYI0O MOLIHOCTD
(eAHULILI BATT).

M mocneaHuit MHTEPECHLIM THIT MArHUTOIIPOBO/IA MOKa3aH Ha puc. 2.20.
On o6o3Havaetcst 6ykBamu EP u obnmanaeT KoMIakTHOM KOHCTPYKLIMEH, OT-
JIM4YaeTCs BBICOKMM 3anojHeHHeM (peppOMarHeTHKa, rapaHTUpPYeT MUHH-
MaJIbHOE pPacCCEsIHUE MArHUTHOrO IOTOKA CHWJIOBBIX JIMHMHK. K, KOHeuHo,
KOHCTpyKlusi EP MarHuTonpoBoga Mo3BOJISIET MCIIONBL30BaTh €0 B IIPO-
MBILIIJIEHHOM MPOM3BOACTBE C TPUMEHEHHEM aBTOMAaTUYEeCKOM COOPKH.

B 3akiiodyeHMe 3TOM rnaBbl CTOMT pacckaszaTb 00 OQHOM MHTEPECHOM
KOHCTPYKTUBHOH WJIee, KOTOPYIO, KOHEYHO, B PaAHOMIOONTEIBCKOM MpakK-
THKE €11Ba JIM MMEET CMBICJ PeaJM30BLIBaTh, HO NPO(ECCHOHAIBHOMY pa3-
paboTYMKy OHa MOXET MPUTOANThLCA. Peub uiaeT 0 ManorabapUTHBIX MaJio-
MOIIHBIX MMITYABCHBIX MCTOYHUKAX INMUTAHUS ¢ MMHUMAJIBHOM BBICOTOM.
Hanpumep, TakMe HCTOYHHMKH MOTYT MOTpeOOBaThCsl IS BCTPAMBAHUA B

i






