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(54) YCUWJIMTEJIb MAT'HATHOI'O IIOTOKA U CHJIOBBIE
SJIEKTPOTEXHUYECKHE YCTPOUCTBA HA EI'O OCHOBE

N300peTeHne OTHOCHUTCS K DJIGKTPOTEXHUKE U MOXET OBITh HCIIOJB30BAHO B
INEKTPOTEXHUYECKUX YCTPOIMCTBaX, a MUMEHHO B JJEKTPOMAarHUTax, 53JE€KTPOMArHUTHBIX
YCTpOﬁCTBaX, QJICKTPOHArpeBaTeCiIAaX, NPpUBOAHLIX CHUCTCMAX IMEPCMCHHOTO MW IMOCTOAHHOI'O TOKa,
UMITYJIbCHBIX ~TpaH3UCTOpax. TeXHWYECKUM pe3yslbTaTOM SIBISIETCS CO3JaHHE  yCHIIUTEINS
MAaroMuTHOrO TII0TOKa, IIO3BOJIAIOMICTO HJOCTUTHYTH CyH.[GCTBCHHOﬁ 3KOHOMUH HOTpCGJ’IHGMOﬁ
SHEPTrUU TMPOMBIIUIEHHOTO TOKa. YCWJINWTEIb MAarHUTHOTO TOTOKAa B AJIEKTPOTEXHUYECKOM
YCTPOMCTBE BBIMOJIHEH B BHUJE CHIJIOBOTO PE30HAHCHOTO IO TOKY KOJIEOATeNhbHOTO KOHTYpa, C
cOOCTBEHHOM YaCcTOTOM KOJIeOaHU, paBHOW YacCTOTE KOJICOAHWN TOKA B MTUTAIOIIEM €T0 UCTOYHHUKE,
U BKJIIOYAIOLIETO IMAapauIebHO COCAMHEHHBIE KAaTYIIKy HHIYKTHBHOCTH C TpPaHC(HOPMATOPHBIM
CEPICYHUKOM, €EMKOCTh, C 00pa30BaHUEM OOIIETO MAarHUTOIPOBO/IA - PUEMHHKA/TIPe0Opa3oBaTes
YCUJICHHOTO MAarHuTHOTO IMOTOKaA. HapaMeTpLI KaTylllKM UHAYKTHBHOCTHU, CCPACYHUKA U CMKOCTU
BBIOpaHBI U3 pacyeTa yCTAaHOBJIEHHs B OOIIEM MarHUTOIPOBOAE MAarHUTHON MHIYKIMH, OJIU3KOH K
npeacilty €ro mnoJIHOro MarHuTHOI'O HACBIMICHUSA B AHWAIA30HC HArpy3o0K OT XOJOCTOIro xoJa 10
HOMHUHAJILHON MOIIIHOCTH JICKTPOTEXHUYECKOTO yCTpoiicTBa. 2 Tad:., 10 mi.



OIIMCAHUE U30BPETEHUA

N300pereHne OTHOCUTCS K KOHCTPYKIMHM YCHUJIUTEN MAarHuTHONO IIOTOKa M K
JIEKTPOTEXHUYECKUM YCTPOMCTBAaM Ha OCHOBE ITOr0 YCHJIUTENs, TAKUM KakK 3JIEKTPOMArHUTHI U
AIEKTPOMAarHUTHBIE YCTPOMCTBA, AJIEKTpOHArpeBaTeNld, NPUBOIHBIE CHUCTEMbl IEPEMEHHOTO H
MIOCTOSIHHOTO TOKa, MMIIYJbCHbIE TPaHC(OPMATOpPbI. YKa3aHHbIE CHJIOBBIE 3JEKTPOTEXHUYECKHE
yCTpoiicTBa pabOTalOT Ha MPUHLUIE MpeoOpa3oBaHMs IEKTPUUECKON SHEPTUU MPOMBIIIEHHOTO
nepeMeHHoro yactotoit 50-60 [’y 1 MOCTOSIHHOrO TOKA 4yepe3 reHepHUpPOBAHUE 3JIEKTPOMAarHUTHOTO
MOTOKa, 0Opa3ylomerocss B KaTyIIKe WHIYKTUBHOCTH C CEPJACYHUKOM OTHX YCTPOMCTB H
peoOpa3oBaHusl €ro B MEXaHMYECKYIO PHEPruio (IPUBOJIHBIE CHUCTEMBI), B TEIJIOBYIO SHEPIHUIO
(MHOYKIMOHHBIE  JJICKTPOHArpeBaTeNiM), B  OJHEPTHI0  YCHWIHMA-IPUTSHKCHUS/OTTAIKUBAHUS
(37IEKTPOMArHUThI), MO0 U3MEHSIOT HANPsSHKEHUE NEPEMEHHOTO MMITYJIbCHOTO TOKa (MMITYJIbCHBIE
Tpanchopmaropsl). IHHEeKTUBHOCTH PabOTHI STUX CHIIOBBIX JJIEKTPOTEXHHUYECKUX YCTPOWCTB BO
MHOT'OM 3aBHCHUT KaK OT UX F€HEPUPYIOIINX MarHUTHBIM MOTOK JIEMEHTOB KOHCTPYKIMH, TaK U OT
KOHCTPYKIIMM TPHEMHUKOB/TIpeoOpa3oBaTesieil MarHUTHOTO TIOTOKA ISl 00ecredeHus MOJIe3HOU
Harpy3kd Ha YKa3aHHbIE 3JIEKTPOTEXHHYECKHE YCTpoiicTBa. B NpUBOIHBIX cHUCTEMax TaKUMHU
MPUEMHUKAMH/TIPEOOPA30BATEISIMI ~ SIBIISIIOTCSL  POTOPBI/SIKOPH ~ DIIEKTPOJABHUTATEIICH, B
JIEKTPOMArHUTHBIX YCTPOMCTBAX 3TO CEPIACYHUK C SKOPEM, B MHIYKIMOHHBIX HarpeBaTeisx -
HarpeBaeMbIii AJIEMEHT, B UMITYJIbCHBIX TpaHCc(opMaTopax - BTOpUYHAST OOMOTKA C HAarpy3KOM.

ITpenensl 3¢(HheKTUBHOCTH 37IEMEHTOB KOHCTPYKLUHM, Fr€eHEPUPYIOIUX MAarHUTHBIA MOTOK U
ero mpeoOpa3oBaTeNeH/IPUEMHIKOB JaJeKo elle He NOCTHrHyThl. IloaToMy coBepuieHCTBOBaHHE
KOHCTPYKIIMM ~ TEHEpaTOpoB U  MpeoOpa3zoBaTeieil  MarHUTHOIO IMOTOKa B CHJIOBBIX
ANEKTPOTEXHUYECKUX YCTPOMCTBAX OCTAaeTCs aKTyaJlbHOM 3ajaydeil [ MpPOMBIIUIEHHOCTH.
N3o0perarenn axkTHUBHO paboOTalOT HajA ATOM mpobsieMoil W JTOOMBAIOTCS  OMNpeAeTIeHHbIX
MOJIOKUTEBHBIX PE3yNbTaTOB (CM. Hampumep, xypHan "[lpuBonnas texnuka", 3-4, 1999 r., c.21-
22).

YpoBeHb TEXHUKH

[IIupoko  W3BECTHBI  I'E€HEPATOPHI/YCWJIMTENIM  MArHUTHOIO  TIOTOKA B CHJIOBBIX
JJIEKTpOarperarax, TaKWX KakK 3JIEKTPONPUBOJLI MEPEMEHHOTO W TOCTOSHHOTO TOKa, KOTOpHIE
COCTOAT U3 I_IGHGI\/'I IUTaHusa OT HCTOYHHKA TOKa, COCOAMHCHHBIX C LCIbIO ITUTAaHUA 06MOTOK
BO3OYXICHUS DJICKTPOJBUTATEICH C CEpACYHHMKOM W TMPHUEMHHUKA/TpeoOpa3oBaTeisi MarHUTHOTO
IIOTOKAa- POTOpa WM AKOpsA. B MHAYKIIMOHHOM 3JIEKTPOHArpeBaTesle TAKUM IIPUEMHUKOM CIIYXKUT
HarpeBaeMblIil AJIEMEHT C JOCTATOYHON MAarHUTHOW MPOHUIIAEMOCTHIO.

OOummMH HeJoCTaTKaMM HM3BECTHBIX KOHCTPYKIMHM T€HEpaTOPOB/yCHIUTENICH MarHUTHOTO
MOTOKA B AJICKTpOArperarax NepeMeHHOT0 TOKa SIBJISIOTCS

- HEBBICOKUI 3aBUCUMBIN OT Harpy3ku ko3gduuueHT MomHocTd (Cos m),

- otHocuTenbHO HU3KKUK KII/I ncnonb30BaHus MOIIHOCTY UCTOYHHMKA ITUTAHUS,

- Ieperpy3Ka UCTOUHUKA MuTaHus peaktuBHoi D/1C,

- cB0OO/IHAsT HEpEATM30BaHHASI MOIITHOCTD 110 MATHUTHON MHYKIIMH CEpJCUHHUKA.

OOuMH HeJoCTaTKaMHM HM3BECTHBIX KOHCTPYKIMHM TeHepaTOpOB/yCHIUTENEH MarHUTHOTO
[IOTOKAa B 3JIEKTpoarperaTtax IOCTOSHHOIO TOKa, KOTOpBIE TaKXE MPOSIBISIIOTCS B UX HU3KOM
SKOHOMHYHOCTH, SBJISIOTCS:

- OTCYTCTBHE, MO0 HHU3Kas 3((EKTUBHOCTh MOA3APSIKA MCTOYHHKA TOCTOSHHOTO TOKa,
OonplIol pazbpoc MO aMIUIMTYJE MOA3APSAHOTO TOKAa, HOHMXKEHHas paboToCcrnocoOHOCTh
HCTOYHUKA TOKA, UCKPEHUE U MOATOpaHNe KOHTAKTOB MEPEKII0YATENEH.

Ha noBbllleHMEe MyCKOBOIO MOMEHTa, YMEHBIIEHHE ITyCKOBOI'O TOKAa M IOBBILICHHE
KO3 pHIHEeHTa MOIITHOCTH HAIIPaBIICHB M300pETEHHS 10 MeXTyHapoaHoH 3asBke WO 88/01803 ot
10.03.88 r. u 3asBke Ha mnateHT OPI' 4125927. B KOHCTPYKUMH 3JIEKTPOJABUraTedsl IO
MexayHapoaHoi 3asBke WO 88/01803 k oOMoTKaM craTopa OJHOBPEMEHHO (KBa3W) MapauieIbHO
n  (KBa3M)IOCIEIOBATENbHO IMOJKIIOUYEHbl KOHJIEHCATOPhl C 00pa3oBaHUEM KoyieOaTelbHbIX
KOHTYpOB M (KBa3M)IapajulebHOTO M (KBa3W)IOCIEA0BAaTENbHOIO PE30HAHCA TOKOB. JTO



MO3BOJISIET, TTI0 MHEHHIO aBTOPOB M300peTeHus, yBeInuuTh K03dumment momuoctu mo 0,96-1,0 n
IIPU BCEX pEeXUMaxX HArpy30K IOYTH IIOJHOCTBIO pasrpy3uTh CETb IIEPEMEHHOIO0 TOKAa OT
pPEaKTHBHBIX TOKOB, 00pa3yrommxcs B 0OMOTKaxX cTaropa 3JeKTpoaBurarens. B cooTBeTcTBUuU C
3asBkoi Ha mareHt @OPI' 4125927 npennoxkeHa  KOHCTPYKUMS  KOMIIEHCUPOBAHHOTO
AJEKTPOABUraTENsl, IPAKTUUYECKH HE MOTPEOJISAIOIIEr0 U3 CEeTH PEaKTUBHOM MOIIHOCTH. B Takom
JIEKTpOABHUraTeNie B TMa3bl CTaTopa YJIOXeHbl 1Be 3-X (a3Hble oOMOTKHM - pabouas u
KoMIeHcaroHHast. [Ipu 3ToM B 1enb KOMIEHCAMOHHOW OOMOTKH TTOCIIEAOBATENBHO C ee (pasamu
BKJIIOYEHBI KOHAEHcaTopbl. Ha cratope OOMOTKM pacroyiokeHbl CO B3aHUMHBIM CIBUIOM, YTOJI
KOTOPOTO BBIOMPAIOT TaK, dYTOOBI KOMIIEHCAIIMOHHAs OOMOTKa 3arpykajacb B OCHOBHOM
PEaKTUBHBIM TOKOM, a pabouasi - aKTUBHBIM.

HenocraTkamMu BbIII€yKa3aHHBIX KOHCTPYKIMHM KOMIIEHCHPOBAHHBIX 3JEKTPOABUIaTEIeH
SBJISIIOTCSL YBEJIMYECHHBIA pPacxoj] MaTepualioB (MeIH, 3JIEKTPOTEXHUYECKOM CTalu) Ha EJUHHUILY
MI0JIE3HOM MOIIHOCTH ¥ MOHM)KEHHBIE TEXHUKO-3KOHOMHUYECKHME IOKa3aTelu. ODTOT HEIOCTaTOK
00yCJIOBJIEH TEM, YTO pa3MeIleHHe Ha CTaTope AONOJIHMTENbHBIX OOMOTOK, 3aHUMAOIUX Oosee
20% obmmero oobemMa MEKTPOMArHUTHON MAalIHHBI, TPUBOJUT K CHIDKEHUIO TOKOBOW Harpy3kd Ha
pabouyro 0OOMOTKY M COOTBETCTBEHHO K CHMIKEHHIO aKTHBHOM MOIIHOCTH MamuHbl. Kpome Toro,
OCHOBHBIE U JIOTIOJIHUTEIbHbIE OOMOTKH UMEIOT Pa3IMYHOE YHUCIIO BUTKOB B (pa3ax M BBINOIHEHBI U3
IIPOBOJAHMKOB C PA3HOM IUIOIIAJBI0 IONEPEYHOIO CEYEHMsI, YTO, B CBOIO OYEPENb, YCIOXKHSET
TEXHOJIOTMUECKUN MPOLECC U3TOTOBJICHUSI MAIIMHbBI U IPUBOJIUT K YBEJIUYEHHUIO €€ CTOMMOCTH.

HenocratkoM M3BECTHBIX KOHCTPYKIMH HHIYyKIMOHHBIX HarpeBaresei, paboTaromux Ha
MIPOMBIIIJIEHHON YacTOTE MEPEMEHHOI0 TOKa (OHM BKJIIOYAIOT B c€0sl KAaTyIIKy WHIYKTUBHOCTU U
HarpeBaeMblii 3JIEMEHT, KOTOPBIA CIIy>)KUT 3/1€Ch OJHOBPEMEHHO M CEpJCUYHUKOM KaTyIIKH),
spigercs Hu3kui KIIJI, Bbicokoe moTpebiieHne peakTUBHOM MOIIHOCTH OT MCTOYHMKA HMUTAHUS
(HM3KMI K03(p(PULIMEHT MOIIHOCTH), 3HAUMTENbHbIE MOTEPU HA pPACCEIHHE MArHUTHOTO IOTOKa,
00JIBIION pacXoJl MeIu AJi U3TOTOBJIEHUS KATYIIKHM MHAYKTUBHOCTH, TSDKEJBIA TEIJIOBOM PEXUM
ee paboThl.

HenocraTkaMu BBICOKOYACTOTHBIX WMHIYKIIMOHHBIX HarpeBaTeslel, KOTOpPbHIE BKIIOYAIOT B
ce0s1 BBICOKOYACTOTHBIN MpeoOpa3zoBaTesb U KoieOaTeabHbI KOHTYP paAMOTEXHHUUECKOW YacTOTHI,
ABIAIOTCS  upe3BbluaiiHo HuM3KuM  KIIJI, cinokHOCTh  3KCIUTyaTtauuu, OJJEKTpUYECKas H
JKOJIOTMYECKAast OIIACHOCTD.

W3BecTeH 37eKTpONpUBO/] IOCTOSHHOTO TOKa Masioil MomHocTy u3zobperatens ['ycesa ILI .,
KOTOpPBIM BKJIIOYA€T MCTOYHHUK IIOCTOSHHOTO TOKA, DJIEKTPOJABUIATEIb IOCTOSHHOIO TOKA,
MOJKIIIOUEHHBI O0OMOTKOM BO30YXIEHUS K OJHOM M3 KIEMM HWCTOYHMKA TOKa, a TaKXKe
BKJIIOYEHHBIE B L€ MEXAY DJIEKTPOJABUIATEIEM M APYTrOM KIEMMOH HMCTOYHUKA IapajuIeIbHO
JUOJ M KaTyLIKy WHAYKTUBHOCTH ¢ cepaeyHukoMm (mateHT P® 2017317 ot 04.02.1993 r.).
Henocratkom 3TOro snekTponpuBoja sBIseTcs HU3Kas 3(QEKTUBHOCTh MOA3ApAJKH HMCTOYHUKA
IIOCTOSIHHOTO TOKAa BBUAY TOIO, YTO MMIIYJIbCHl TOKA, MOCBIJIAEMBIE YEPE3 AMOA HAa MOI3apSAKY
HWCTOYHHMKA MUTAHUSA, UMEIOT OOJBIIION Pa30dpoc MO aMIUIUTYAE. DTO CHIKAaeT paboTOCIIOCOOHOCTh
aKKyMyJIsITopa (MCTOYHHKA TOKa). Manas npoJoKUTENIbHOCTh M HU3KAs aMIUTUTY1a MOA3apsAHbBIX
UMILYJIbCOB, 00YCIIOBJICHHAs MaJlOW MHIYKTUBHOCTBIO IPOCCENIS 110 OTHOLIEHHIO K MHIYKTUBHOCTU
JIBUTATENsl, TAKXKE CHUKAET 3(PPEKTUBHOCTD MOA3APSIIKH.

N3BecTeH 351eKTpONpUBOA MOCTOSIHHOTO Toka m3oOpetatens ['ycea IL.I., Brmrowaromuii
Lenb MHWTaHHUA OT HCTOYHMKA IIOCTOSIHHOTO TOKAa, O3JIEKTPOJABUIATENb IIOCTOSIHHOIO TOKa,
MOJIKIFOYEHHBIN 00MOTKOM BO30YKIEHUS K OHOM U3 KJIIEMM ILIENIM MUTAHUS, U BKIIOUCHHBIE B LIETb
MUTaHUS MEXY dJIEKTPOABUIATEIEM U JPYyroi KJIEMMOM L€ MUTAaHUS IEPBUYHYIO U BTOPUYHYIO
KaTYIIKA HHIYKTUBHOCTH ¢ 00IIHMM cepaedHukoM (3asBka Ha nmateHT CCCP 4867701 ot 19.09.1990
r.). Henoctatok 310l KOHCTPYKLNHU - OTCYTCTBUE MOA3aPSAKH UCTOYHHUKA TUTAHUS.

Haunbonee momHo 3pdexT pe30HaHCHOTO YCHJICHUS MarHUTHOTO MOTOKAa B KOJIeOaTeIbHOM
KOHTYpE HCHOJIb3YeTCsl B HECWJIOBOW paJHOTeXHHKE, palboTaromiel Ha BBICOKMX YacTOTax
KosleOaHUH HamnpsDKeHUs, TOKa M MarHUTHOTO IOTOKAa. B cTaHzapTHOM paauonpHeMHUKE
MarHUTHBI yCWJINTENIb COCTOMT M3 LENU IHUTAaHUS OT HCTOYHUKA [IEPEMEHHOIO TOKa,
TCHEPUPYEMOI0 IPUHUMAIOIIEH aHTEHHOW, KATyIIKH WHAYKTHBHOCTH C CEPIECYHUKOM U €MKOCTH,



KOTOPBIC MapaJlJICIbHO BKIIIOYCHBI B LCIbL NUTAHHUA OT MCTOUYHHKA IMCPEMCHHOI'O TOKA, a4 TAKIKC -

MpUEMHUKA/TIpeo0pa30BaTelis yCUICHHOTO MAarHUTHOTO TIOTOKA B 3BYKOBOW CHTHAJL.
OrpaHMueHHOCTBIO ATOTO YCWJIMTENSA, HanbOosee OJM3KOro Mo TEXHUYECKOW CYIIHOCTH K

3asBIISIEMOMY HaMHU, SIBJIICTCSI MCIIOJIb30BAaHHE €ro TOJBKO B IMpENeNaX BBICOKMX YacTOT TOKA U

MAarHUTHOro moToka oT 1k 10 3 10* MI'y 1 HecrocoGHOCTH paboTaTh B peKUMeE MTPOMBIIIIICHHON
CUJIOBOM SHEPreTUKHU Ha MMEPEMEHHOM TOKE 4acToTOM B nuana3zone 50-60 repi.

He cimywyaliHO 1moO>TOMY B CHJIOBOM JHEPre€TUKE SBJIICHHMS KaK IapajljIe]bHOrO, TaK U
MIOCJIEI0BATEIBHOTO PE30HAHCOB CUMTAKOTCS HETaTHBHBIMHU, T.K. BEIYT K PE3KMM CKaukaM TOKA U
HanpsDKEHUs, HE WCKIIOYAIONIME Tparudeckux ciydaeB. He ciydaeH mostomy M TOT (akT,
omucaHHBIA BbIIe, uTo n3obperatenu mo WO 88/01803 ocranoBunm cBoe pemienue Ha KBA3U-
pe30HaHCEe W OTPaHWYWINCH JIMIIL YBeIHMUeHHEeM Kod((dHIMeHTa MOIIHOCTH, MPAKTHYECKU HE
3aTPOHYB YKOHOMUYHOCTH 3asIBJIEHHOT'O 3JIEKTPOJABUTATEIIS.

HengocraTkaMu W3BECTHBIX KOHCTPYKIMKA HMITYyJIBCHBIX TpPaHC()OPMATOPOB  SIBISIOTCS
MOBBIIIECHHBIA PAacXxoJ MaTepHalioB Ha €AWHHUIy MOLIHOCTH U 3aBHUCHUMOCTh KO3(QQUIMEeHTa
MOIIIHOCTH OT HAarpy3KHu.

CymHocTh n3o0pereHns

B ocHOBy m300peTeHus mojoKeHa aKTyajbHas 3a/ada - CO37aTh YCHJIHMTENb MAarHUTHOTO
MOTOKA, TIO3BOJISIIOIIMI  JTOCTUTHYTh CYIIECTBEHHOM OSKOHOMHU TOTpPEOIsIeMON  SHEPruut
MIPOMBIIIJIEHHOTO TOKA 110 CPAaBHEHHIO C CYIIECTBYIOIINM YPOBHEM 3JIEKTPOTEXHUKH.

Ota 3a7aya BKJIIOYaeT B ce0s 4YacTHBbIE 3aJaud IO CO3JaHHMI0 BBICOKOIKOHOMHYHBIX,
TEXHUYECKH 00Jiee COBEPUICHHBIX NMPOMBIIUICHHBIX KOHCTPYKIIMH CHJIOBBIX JJIEKTPOTEXHHUYECKUX
YCTPOMCTB, KOTOPBIE BOILIOIIAIN Obl HAWACHHBIN HAMU yCHUJINTENh MATHUTHOTO MOTOKA, TAKHX KaK
JIEKTPOHATPEBATENN TIEPEMEHHOTO TOKA, 3JIEKTPONPHBOABI IIOCTOSIHHOTO TOKAa MAJIOH, CpemHeil u
OOJIBIIION MOIIHOCTH, JIEKTPOMArHUTHBIE YCTPOHCTBA NMEPEMEHHOTO TOKA, TaKHe KaK cOOCTBEHHO
AJIEKTPOMArHUTHI, DJIEKTPOMArHUTHBIC ITyCKaTelld, HAcOCHl, KiamaHbl, My(Tbl, BHOpalMOHHBIC
YCTPOMCTBa, yAapHBIE HWHCTPYMEHTBI, TOpPMO3a, O3JEKTPOKPAHBI, JJICKTPOMArHUTHBIE CTOJBI,
ACHHXPOHHBIE IEKTPOJBUTATEIH, a TAK)XKE - UMITYJILCHBIE TPaHC(HOPMATOPHI.

[Tog "mepemMeHHBIM TOKOM" 3/1€Ch MOHUMAETCAd KakK MEPEMEHHBIH TOK IO 3HAYEHUIO
HamNpsDKCHUST W CHWJIBl TOKa (IyJIbCHUPYIOMIMH, OJHOTO HANpaBJCHHs), TaK W IEPEMEHHBIN
CHHYCOHMJAIIBHBIA TOK, KOTOPBIA N3MEHSETCS KaK 110 BEJIMYMHE HANPSDKCHUS U CHIIBI TOKA, TaK U 0
ux HarpasieHuto Ha 180 unu Ha "I1u paguan".

[TocTaBneHHBIE 33/1a4M PEMIAIOTCS TEM, YTO IMpesiaraeMas NPUHINIHAIbHAS KOHCTPYKIUS
YCHJIUTENS] MAarHUTHOTO TIOTOKA CHJIOBBIX IPOMBIIUICHHBIX H OBITOBBIX DJIEKTPOTEXHHYECKHX
YCTPOMCTB BBINOJIHEHA B BUJIE CHIOBOTO KOJE0ATEIFHOTO KOHTYpPA, COCTOSIIErO U3 IIETH MUTAHUS
OT MCTOYHHKA MTEPEMEHHOT0 TOKa, MapaJUIeIbHO TIOJKITIOUYEHHBIX B LIEMb KATYIIKA HHIYKTHBHOCTH
C CepIeYHHMKOM ¥ €MKOCTH, H ¢ oOpa3oBaHMEM OOLIEr0  MarHUTONPOBOJA -
IIPUEMHUKA/Ipeo0pa3oBaTensi yCWIEHHOTO MAarHUTHOTO MOTOKAa JUIs OOeCHedYeHus MOJIEe3HOH
Harpy3kd Ha 3JEKTPOTEXHHYECKOE YCTpPOMCTBO. [Ipm 3TOM, COrjacHO HM300peTeHHIO, KaTyIIKa
WHIYKTUBHOCTH HMMEET CEPJICYHUK II0 THUIy TPaHC(HOPMATOPHOTO M OHHU BMECTE C EMKOCTBHIO
BBIOpaHbI U3 pacyeTa yCTaHOBJICHHUS B OOIIEM MAarHUTOIPOBOE BEIUYMHBI MATHUTHOW MHIYKIUH,
ONMU3KOI K IMpeerty MOJHOTO MAarHWTHOTO HACKHIIIEHHS B JMara3oHe Harpy30K OT XOJOCTOTO XO0Ja
710 HOMHHAJIFHON MOIITHOCTH 3JIEKTPOTEXHUYECKOTO yCTPOMCTBA.

Tpebyemass BenwMuMHA MArHUTHOW WHAYKIMH B OONIEM MAarHUTONPOBOAE MOXKET
yCTaHaBJIHMBATHCS PA3TMYHBIMH CIIOCOOAMHU:

- BBIOOPOM YHCIIa BUTKOB M CEYCHHS MPOBOAA KATYIIKH WHIYKTHBHOCTH KOJIEOATEIHHOTO
KOHTYypa U KaTyIIKd HHAYKTHBHOCTH IIPHEMHHKA, €CIIH B TIOCIETHEM OHA HMEETCSI.

- BEIOOpOM MaTepuaia, OpPMBI H pa3MEpPOB FIEMEHTOB O0IIET0 MarHUTOMPOBO/IA, TAKUX KaK
CEp/ICYHUK KaTyIIKH WHIYKTUBHOCTH, BO3IYIIHBIC 3a30pbl, TOJIIMHA JIUCTOB (peppoMarHeTuka u
M30JISIIIMOHHOTO MaTepualia MeXIy JINCTaMH U 3a30pa MEKAY JIHCTaMH.

CornacHo H300pETEHUIO KaTyIIKa HMHIYKTMBHOCTH YCWIMTENS MAarHUTHOTO IIOTOKa
COJICPKHT CEPACYHHK TI0 THITy TpaHCHOpMaTOpHOTO. TpaHChOPMATOPHBINA CEPCUYHUK OTIHYACTCS



TEM, YTO OH BBIMOJIHAETCS W3 MAarHUTOMSTKOIO MaTepuana M sBisercs cOopHbIM. B kauecTBe
MarHUTOMSITKUX MAaTe€pUalIOB JUIsl M3TOTOBIICHHUS CEpJICYHHKA YCHIIUTENS MOXHO HCIOJIb30BaTh
NEKTPOTEXHUYECKUE CTaJIM M MarHWTHBIE CIUIaBbl, a TakXe COBPEMEHHbIE (DEeppUTHI,
paccuMTaHHbIE HAa YacTOTY NMPOMBIIUIEHHOTO NEPEMEHHOT0 ToKa. OCHOBHBIMM TPEOOBAaHUSMH IPU
BbIOOpE MaTepuana A CepACUHUKA YCUJIMTENS SBISIOTCSA: BbICOKAas MarHWTHas NMPOHULIAEMOCTb,
y3Kasl TeTJs TUCTEpe3rca U BHICOKAS MarHUTHAs WHAYKIMS HACBHIIMIEHUS, a TaK)Ke SKOHOMHUYECKas
11eJIecO00pa3HOCTh MPUMEHEHHs] JAaHHOTO Marepuaia. MeTonbl M3TOTOBICHHUS H  (OPMBI
CeplIeYHHKA YCUIIHMTENS - OOBIYHBIE IJISi M3TOTOBJICHUS CUIIOBBIX TpaHcdopmaropoB. B kauecte
CepACYHNKA MOTYT OBITh MCIOJB30BAaHBI CEPACYHUKH COBPEMEHHBIX MPOMBIIIICHHBIX U OBITOBBIX
INEKTPOTEXHUYECKUX YCTPOWCTB: MArHUTOMPOBOIBI JIEKTPOJBUTATENs (CTaTOp U POTOP),
ANEKTPOMAarHuToB (IpMO M SKOpb), a TakXke OObIYHbIE TpaHCPOPMATOPHBIE CEPACUHUKH,
KOHCTPYKTHUBHO MPUCIIOCOOJIEHHBIE K 3asBJICHHBIM 3JIEKTPOTEXHHUECKUM yCTPOMCTBAM.

CornmacHo W300pETEHHUIO TNPUHIUIUAIGHBIM YCIOBHEM 00pa30BaHUs KoIeOaTeIbHOTO
KOHTYpa YCHJIMTENS SIBISIETCS BHIOOP BETUYMHBI MATHUTHOW MHAYKIIMA MarHUTONPOBOJIA, KOTOPAs
JIOJKHA OBITh OJIM3KOW K IPEeNy ero MoJIHOIO0 MarHUTHOTO HACBIILEHHUS B TMana3oHe Harpy3oK OT
XOJIOCTOTO X0/1a 0 HOMHHAILHOW MOIIIHOCTH 3JIEKTPOTEXHUYECKOTO YCTPOHCTBA.

[Toxg "mpenenomM MarHMTHOTO HACHIIIEHUS MArHUTOIPOBOJA" 37€Ch MOHMMAETCS 00JaCTh
nepernba KpuBOM (Tak Ha3piBaeMoe "KOJEHO'") HaMarHMYuBaHUs (EpPPOMATHUTHBIX YacTel
MarHuTornpoBoa. Beimre "koneHa" - ¢peppoMarHeTHK HACHIIIEH ¥ MAarHUTHAsE WHAYKLIHUS TPH STOM
Majo YBEIMYUBACTCS MpPHU 3HAUMUTEIHHOM YBEIMYEHUH HAMPSHKEHHOCTH MArHUTHOTO TOJS WM
CWJIBI HaMarHWYMBamOIIero Toka. Hmxke "komena" - 007acTh MPOMOPIMOHAIBLHOCTH, B KOTOPOUH
MarHuTHas UHIYKIUS YBEIUYUBACTCS MIPOMOPIIMOHATHFHO POCTY HAPSHKEHHOCTH MAarHUTHOTO TOJIS
WM CUJIbl HAMAarHUYMBAIOLIET O TOKA.

Hamu o0nHapykeHO, 4YTO CO3JaHHME CHIIOBOTO KOJIEOATEIBHOTO KOHTypa COTJIACHO
M300pETEHUI0 B YCJIOBMSIX BEIMYMHBI MArHUTHOM WHIYKIMM, OJIM3KOM K Mpeneiay IOJHOTO
MarHUTHOTO HACBIIIEHUSI MAarHUTOIIPOBOA, TMO3BOJSET HAM pa3BUTh B KOJeOAaTEIbHOM KOHTYpE
YCWIECHHBIM MArHUTHBIA IOTOK M PEaKTUBHYIO MOIIHOCTb, KOTOpBIE Y4YacTBYIOT 3/1€Ch B
o0ecre4eHn HOMHUHAJIBHONH MOIIHOCTH AJIEKTPOTEXHUYECKOIO YCTPOMCTBA MPH MHUHUMAIbHOM
noTpeOJIeHNH TOKa OT HUCTOYHMKAa mnuTaHusA. llpm 3TomM oOHapyxkeHo, 4TO '"BbIpamuBaHue"
PE30HAHCHOTO TOKa, MarHUTHOT'O MOTOKAa W PEAKTUBHOI MOIIHOCTH COTJIACHO H300pETEHUI0 HE
BBI3bIBAET MPONOPIIMOHATIBHOIO YBEIMUEHUS HAarpEBA MarHUTOIPOBO/IAa U KATYIIKH UHIyKTUBHOCTH
BBIIIE JIOMMYCTUMBIX MPEENIOB, YTO MO3BOJIIET HAMHOTO YBEJIUYHUTh HOMHHAJIBHYIO MOIIHOCTD.
Cy1iecTBeHHBIM SIBIISICTCA TakXke TOT (DaKT, 4yTO 3HadeHHe Ko3(duimeHTa MOUTHOCTH MPH 3TOM
nocturaetr 3HadeHud 0,98-1,0 m cTaHOBUTCS HE3aBUCHMBIM OT HAarpy3kd, B HECKOJBKO pa3
YBEJIMUMBAETCS MarHUTHOE CLEIUIEHHE COCTaBISAIOIIMX YacTe MarHUTOIPOBOAA, KOIZAa OHHM
o0pa3oBaHbl ¢ BO3AYIIHBIMU 3a30paMH. CyIlIecCTBEHHO PKOHOMSATCS MaTepHallbl Ha M3TOTOBJIEHUE
KAaTyIIKd MHIYKTUBHOCTM W MarHMTONPOBOJA, YMEHBILIAETCS CTOMMOCTb 3JIEKTPOTEXHUYECKUX
YCTPOWCTB Ha €AWMHUILYy MOUTHOCTH. Bwimatommmcs siBisiercss ToT ¢akt, uyto KIIJl 3asBriseMbprx
ycTpoicT BoipacTaeT Ha 10-300% u Gosiee B 3aBUCHMOCTH OT 3JIEKTPOTEXHUUECKOTO YCTPOUCTBA, B
KOTOPOM MPUMEHSETCS YCUIIUTEIh MATHUTHOTO MOTOKA.

Bepxuwuii npenen MarHUTHOTO HACBIIICHUS MarHUTOIPOBOJIA OIPENENAETCs] HEOOXOUMBIM
3amacoM  €ro  MarHUTHOM  NPOHMIIAEMOCTH  JUIsl  MPOIyCKAaHUSI ~ MAarHUTHOTO  IOTOKA,
00eCIeYnBaOIIEr0 MAaKCUMAIbHO JIOMMYCTUMYI0 MOIIHOCTh (Harpys3Ky) 3JEKTPOTEXHHYECKOTO
YCTpOMCTBA, U pabouelt TeMnepaTypoil MarHUTOIIPOBO/IA.

HuxHuii npeen MarHuTHOrO HachILIEHHUSI MAarHUTOIPOBO/IA OIIPENEISETCS] DKOHOMUYECKOU
11e71eco00pa3HOCThIO: YeM MEHbBIIIe HIKHUN MpeAes - TeM HUKe SKOHOMHYecKas 3(PPEeKTUBHOCTD
CHJIOBOTO KOJIEOATEIbHOTO KOHTYpa COTJIacHO M300pereHuto. [Ipenensl MarHUTHOTO HACBIIICHUS
CepJIeYHMKA IS OTJEJIbHBIX 3JIEKTPOTEXHUYECKUX YCTPOMCTB MOTYT OTIMYATHCS 1O aOCOTIOTHOMY
3HAUEHHUIO.

Brei6op emkocTH, KOTOpoil cHaO»eH 3asBISEMbI YCUIHMTENb, ONpPENeseTCs] N3BECTHBIMU
YCIOBUAMHU 00pa3oBaHMs KOJIeOaTeIbHOIO KOHTYpa, TAKUMH Kak:

- obecrnieyeHue TpeOyeMOil MOIITHOCTH IO PE30HAHCHOMY TOKY,



- PAaBEHCTBO UHAYKTUBHOTO U €EMKOCTHOT'O CONPOTUBIICHUH,

- YCJIOBUSIMU HCIIOJIb30BaHUSA K0JIe0aTEIbHOTO KOHTypa B KOHKPETHOM
AJIEKTPOTEXHUYECKOM YCTPOMCTBE. B 3TOM CBSI3M BENMYMHA €MKOCTH MOXKET OBITh MOCTOSIHHOM,
MIEPEMEHHOM U IEPEMEHHO-TUCKPETHOM.

Jns MCnoJIb30BaHUSl YCWUJIMTEN MAarHUTHOTO TOTOKAa B AJIEKTPOHArpeBarelie, KOTOPbIN
BKJIFOYAET KATYLIKy UHAYKTUBHOCTH U Harpe€BaeMbIi 3JIEMEHT, UMEIOIINNA MAarHUTHOE CLEIJIEHUE C
KAaTyIIKOW WHAYKTHBHOCTH, COTJIACHO HW300pPETEHUIO, 3JIEKTPOHATPEBATENbh JIOTIOJHUTEIHLHO
COJICPKUT CEPACUHUK MO TUITY TPAHC(HOPMATOPHOTO U BKIIOYCHHYIO B CETh MAPAIIIEIbHO KATYIIKE
WHIYKTUBHOCTU €MKOCTh. [Ipy 3TOM KaTyIika WHIYKTUBHOCTH, CEPJCYHUK M EMKOCTh BHIOPAHBI U3
pacuera oOpa3oBaHHsI MMM KOJeOAaTEIbHOTO KOHTYpa B COOTBETCTBUM C BBIIICONHUCAHHBIMU
YCIOBUSIMU KOHCTPYUPOBAHUSA YCWIMTENS MArHUTHOTO MOTOKAa W JIOMOJHUTEIBHOTO YCIOBHUS -
MAarHuTONPOBOJ, HMMEET MEXAHMYECKUH pa3pblB W B YyKa3aHHBIM pa3pblB BMOHTUPOBAaH, C
o0pa3oBaHMEM MarHUTHOW IIE€NH, HArpeBaeMbIi JJIEMEHT W3 Marepuaja C BBICOKOW MarHUTHOU
MIPOHUIIAEMOCTbI0 U BBICOKMM OMHYECKHMM COINPOTHUBIICHHEM, a TakKKe, MPEUMYIIECTBEHHO, C
OOJIBIION TUIOIIAIbIO TIETJIM MATHUTHOTO TUCTEPE3HCA.

B kadecTBe MarHMTONpoOBOJA MJIs 3JIEKTPOHArpeBaTeNsl IMEPEMEHHOIO TOKa, COIIACHO
M300pETEHUIO, UCTOJIB3YIOT CEPJACYHHK C MEXaHHYECKHMM pPa3phIBOM, KOTOPBIA 00pa3yroT
W3BECTHBIMHU CIIOCOOAMH COOpPKM MEXaHHYECKH HE3aMKHYTBIX CEpACUYHUKOB. MexaHHYecKHid
pa3phIB CepICYHUKA 10 pa3Mepy U GopMe OmpeesieTcsi KOHCTPYKIIMEH HarpeBaeMoro sjieMeHTa u
HazHaueHueM »sJnekTpoHarpeBarens. CepaeuHuk MoxeT ObITh [I-06paszubiv, U-o6passbiM, I1I-
00pa3HbIM WUJIU CHENUaIbHON (OPMBI B 3aBUCUMOCTH OT KOHCTPYKIIMH DJIEKTPOHATPEBATENS U €T0
HazHaueHus. OOIliee MpaBUIO TAaKOBO, YTO MEXaHWYECKUIH pa3pbiB JOJHKEH pacloyiaraThCs Kak
MOKHO Jajbll€ OT KAaTylIKM WHAYKTHBHOCTA TMPU CTPEMJICHUM K MHHUMAJIBHOW JIMHE
MarHuTonpoBoja. /(s cokpaileHus JUIMHBI MarHUTONPOBOAA MEKIY KaTYIIKOW MHIYKTUBHOCTH U
HAarpeBaeMbIM 3JIEMEHTOM MOKHO MOMENIATh Pa3IMYHbIC TEITIOM30JSALMOHHBIE MaTepualibl. Pazmep
MEXaHMYECKOI'O pa3pbiBa CEpJICYHMKA YCTAHABIMBAIOT B 3aBUCMMOCTH OT pa3MEpOB HarpeBaeMoro
3JIEMEHTA U 33JIaHHON MOIIIHOCTH HarpeBaTelIs.

Pasmep u ¢Qopma HarpeBaeMoro -sJIeMEHTa OIpeAesseTcsl 3aJaHHON MOIIHOCTBIO
HarpeBarelst W OONACTSIMH €ro HCIOJIb30BaHMsA. HarpeBaeMblii 3JIEMEHT JOJKEH OBITh
MPEUMYIIECTBEHHO MOHOJUTHBIN C TeM, YTOObI 00ECIIEUNUTh MPOXOKIECHUE Yepe3 HEro yCUIECHHOTO
MarHiTHOTO MOTOKA M €r0 YaCTUYHOE MPpeoOpa3oBaHue B KONbIEeBbIe TOKU Dyko. OH MOXKET UMEThH
Pa3BUTYIO BHEIIHIOI TOBEPXHOCTh, B YacTHOCTU pebpuctyto. Ilpu sToM wenecooOpazHo
OpUEHTHPOBATh pebpa MOBEPXHOCTH MEPHCHIUKYISIPHO JIHHUSIM MArHATHOTO TIOTOKA, YTO
MPUBOIUT K (OPMUPOBAHHMIO HEMOCPEACTBEHHO B HUX TOKOB (DyKo, Kak MU B OCHOBHOI TOJIIIE
HarpeBaeMoro >JIEMEHTa, M, COOTBETCTBEHHO, K pocty KIIJ[. Takoil 3jieMEHT peKOMEHIYyeTCs
WCIIONIB30BAaTh ISl HarpeBa IMyTeM ITOMENIEHUS €r0 B HarpeBaeMmyro cpeay. HarpeBaemslil a1eMeHT
MOXKET OBITh TAK)KE IOJIBIM, TOTJa HarpeBaemasi cpella MOXKET MPOITyCKAThCS Yepe3 BHYTPEHHIOO
MOJIOCTH/TIOJIOCTH  HarpeBaeMoro JJIEMEHTa C pPa3BUTOM BHYTPEHHEH MOBEPXHOCTHIO, WIH
OJIHOBPEMEHHO Y€pe3 BHYTPEHHUE NOJIOCTH U CHApY’KHU HarpeBaemoro sneMmenTa. [Ipu aTom ogHuM
13 CYIIECTBEHHBIX OTJIMYMN 3asBJIIEMOrO HarpeBaresis sIBJISETCS BO3MOKHOCTh MCIOJIb30BaHUs €T0
JUIST HarpeBa BOJbI B OBITOBBIX WM TPOMBIINUICHHBIX YCIOBHSX C OJHOBPEMEHHBIM €€
omarHuuuBaHueM. Kakux-nmubo orpaHuueHuil MO MNPUMEHEHHMIO DSJEKTpOHArpeBareis s
pa3IUYHBIX Cpel He OOHapy»XeHO, KpOME TeX, KOTOpble MHUKTYIOTCSI WX XUMHUYECKOU
arpeCCUBHOCTHIO IO OTHOIIEHUIO K KOHTAKTUPYEMOM CO CPeIoi OBEPXHOCTHIO MaTepuaa.

B kawectBe wMmarepuana Ui H3TOTOBIICHUS HArpeBaeMoro 3JIEMEHTA, COTJIACHO
M300peTeHuI0, UCTIOIB3YIOT (hepPOMArHETUKU C BHICOKONH MarHUTHOM MPOHUIIAEMOCTHIO U BEICOKUM
OMHYECKHM COINPOTHUBICHUEM M JKENaTeIbHO ¢ OONBINON IJIOMAAbI0 TMETIH MAarHHUTHOTO
ructepesuca. Cpeau Takux MaTEpHAIOB - JJIEKTPOTEXHUYECKHE CTajlH, YIVIEPOAMCTBIE CTajH,
gyryHbl, Qeppurbl. I[Ipu 3TOoM BBIOOpP KOHKPETHOTO MaTepHajia OIpeAeseTCsl Takke
SKOHOMHUYECKUMU COOOPaKEHUSIMH.

CormacHO M300pETEHHI0O B KadecTBE HArpeBaeMOro J3JEMEHTa MOTYT BBICTYIATh
MPOMBILLIIEHHBIE KOHCTPYKLIMM WJIM MX OTACJIbHBIE 4YacTH, KOIJla OHU HW3TOTOBJIEHBI W3



(heppOMarHUTHBIX MaTEpPHajOB M KOT/Ia HEOOXOIAMM HAarpeB STHUX KOHCTPYKIMHA WM WX YacTel
HETNOCPECTBEHHO Ha MECTE MX pacloJIOKEHUs, B TOM 4ucie 0e3 pa3dopku u nepensmxkeHus. K
TaKUM KOHCTPYKIHUSM MOXHO OTHECTH pa3jIMYHbIE €MKOCTH, BHEUIHHE MOKPBITUS Pa3IUYHbBIX
COOpY>KEHU, AeTanu 000py10BaHHUS.

JIJis MCIOJIb30BAaHUS YCWIIUTENSI MarHUTHOTO TOTOKA B 3JIEKTPOIPUBOJIE Majol MOIIHOCTH
MIOCTOSIHHOTO TOKA, KOTOPBIM BKJIIOYAeT HCTOYHHUK IOCTOSHHOTO TOKAa, 3JEKTPOJBUIATENb
MIOCTOSIHHOTO TOKA, MOAKIIOYEHHbII 0OMOTKON BO30YX/AE€HUS K OJHOM U3 KJIEMM HMCTOYHHUKA TOKa,
BKJIIOUEHHBIE B IIETIb MEX/y JIEKTPOJIBUTATENIEM U IPYTOi KJIEeMMOM HCTOYHMKA TOKA MapalieIbHO
MO U KaTyIIKy MHAYKTUBHOCTH C CEpACUYHUKOM, B HErO BBEJECHA JOMOJIHUTEIBHO BKIIOYEHHAS B
Lenb NapajyieIbHO JAMOAY W KaTyIIKe HMHIYKTUBHOCTH €MKOCTb, M KaTyllKa WHAYKTUBHOCTH,
CEepJIeYHUK M EMKOCTb BBIOpaHBI U3 pacuera oOpa30oBaHUS UMHU KOJIEOATENbHOTO KOHTypa B
COOTBETCTBUHM C BBIIICONHUCAHHBIMH YCIOBUSMHU KOHCTPYUPOBAHUS YCUIIMTEIS] MarHUTHOTO MOTOKA
U JIOTIOJIHUTENBHOIO YCIIOBUS - MHAYKTUBHOCTb KaTYIIKU UHIYKTUBHOCTHU C CEPJICYHUKOM BBIOpaHa
B anana3ose ot 0,1 10 2 MHAYKTUBHOCTH JIEKTPOBUTATENs.

OTHeceHue 3asBISIEMOrO 3JIEKTPONPUBOJA K "MaJION MOLIHOCTU" 3[€Ch YUCTO YCJIOBHOE U
orpeneNnsercss TeM OOCTOATENBCTBOM, YTO MCTOYHHMK IIOCTOSIHHOTO TOKa (KaK MpPaBUJIO, 3TO
AKKyMYJIATOp) M AJIEKTPOJBMUraTeNlb C YCWIWTEIEM MAarHUTHOTO IOTOKA HAaXOSATCS Ha OJHOMU
wiarpopMe THUIA BIIEKTPOKap, 3MeKTpoMoOmnb. Ilpu 3TOM HampsikeHHe HCTOYHUKA MUTAHUSA
00bIuHO cocTaBiigeT He 6osee 110 BoJbT, B OTIIMYME OT 3JIEKTPONPUBOIOB CpelHEN M OOJBIION
MOIITHOCTH, TI€ MCTOYHUK MOCTOSIHHOTO TOKa M 3JIEKTPOJBHUTATENlb HAXOAATCA Ha Pa3IMYHbIX
watopmax, ¥ HaMpspKEHHE WCTOYHHMKA TOKa 00bI9HO coctaBisier 500-600 BomsT 1 1500-3000
BOJIBT COOTBETCTBEHHO.

CornacHo M300pETEHHIO NPU UCIIOJIB30BAHUM 3asIBJIIEMOI0 YCHUJIMTENS MArHUTHOTO MOTOKA
B CHCTEME 3JIEKTPOINPHBOA MAJIOH MOIIHOCTH B HETO BBEZCH JOMOIHUTEIBHO TUOI.

BoinonHeHne ycuiauTenss MarHUTHOTO IMOTOKA, COTJIACHO HM300pETEeHUI0, ¢ MapajuleIbHbIM
MOJIKJIIOYEHUEM KaTyIIKW MHIYKTMBHOCTH, €MKOCTH M JHOJa a TaKXKe IMOJAKIIOYEHHE K KaTyIlKe
WHIYKTUBHOCTH 00pPa30BaHHOTO KOJI€OATEeIbHOTO KOHTYpa 3JEKTPUUECKON HAarpy3KH IMO3BOJISET:

- BBIPOBHSITH UMITYJIbChI TO/A3APSAAKH HCTOYHHMKA TOKA 110 HAIIPSKEHUIO U IO CHJIE TOKA,

- TIOBBICUTH €MKOCTh AaKKyMyJsiTOpa M, KaK CIEICTBHUE, YBEJIWYHUTH JJIUTEIBHOCTb €ro
JKCIUTyaTallid He MeHee 4eM B 1,5-2 pasa, yBeIMUUTh MPOOET C OJHOM 3apsaku Oatapew B 2-2,5
pasa u 6oiee,

- YBEJIMYUTH MOIIIHOCTh JABUraTeNs 3a CUET JIMKBUAALMHN UCKPEHHs Ha KOJUIEKTOPE U IPYTHX
notepb - Ha 15-20% u Gosee, yBeUIUTH pecypc paboThI IBUTATENS U KOHTAKTHBIX TPYTIIL,

- yBeIUYUTh 3PPEKTUBHOCT MOA3APSAIKN MCTOUHUKA TOKa Oylarogapsi ToMy, 4TO KaTyllKa
WHIYKTUBHOCTH C CEpIEYHHMKOM BbIOpaHa B auamna3zoHe 0,1-2,0 MHAYKTUBHOCTH JABHUTaTessl, YTO
JlaeT yBEJIMYEHUE NOA3apAJHbIX UMITYJIbCOB 110 aMIUTUTYAE U MPOJOKUTEILHOCTH HE MEHEE YEM B
1,5-2 pa3za.

B xadectBe nmona 3asBIAEMOro YCHJIMTENS] MOTYT OBbIThb HCIOJb30BAHBI CTaHIAPTHBIC
CHJIOBBIE JTMOJIbl, PACCUUTAHHbIE HA paOOYMii TOK U HANPSHKEHUE, COOTBETCTBYIOIINE PE30HAHCHOMY
TOKY W HalpsDKEHUIO, pa3BUBAEMbIM B KoJle0aTeIbHOM KOHType ycunurensd. JIMoa Takxke TOJKEeH
ObITh paccuMTaH Ha pabodyl0 YacTOTy HE HIDKE COOCTBEHHOM YacTOThl KojleOaHMH KOHTypa
YCHUIIUTESL.

CornacHo U300pETEHUIO YCHIUTENh MOXKET COJIEPKaTh KaK MOCTOSHHYIO, TaK U MEPEeMEHHO-
JUCKPETHYI0 €MKOCTb. IIOCTOSHHYI0 €MKOCTh 1eJ1IeCO00pa3sHO YyCTaHABIMBATh, KOIJa JBUIATEllb
paboTaeT NperuMyIIECTBEHHO B IIOCTOSTHHOM pabodeM pexuMe.

IlepeMeHHO - AMCKPETHYI0 €MKOCTh LI€J1€COO0pa3HO yCTAaHABIMBATH HA AJIEKTPOIPUBOI,
KOTOPBIA MMEET AUCKPETHBIA MEPEKI0YaTeNIb CKOPOCTEH BpAILEHUs 3JIEKTpoABuUrareisd. B srom
cllydae IMCKPETHOCTh EMKOCTH COTJIAcyeTcs ¢ IUCKPETHOCTBIO IIEPEKII0YaTeNsi CKOPOCTEH.

JIpyrum ycCIIOBHEM BBIOOpAa €MKOCTH SBJISETCS MOIIHOCTH 3JIEKTPOIPHUBOAA, B KOTOPOM
OyZeT yCTaHOBIEH yCWJIUTeNb. EMKOCTh MOJIKHA OBITh paccuMTaHa HAa HANPSIKCHUE HE HIKE
HOMHHAJIBHOTO PE30HAHCHOT'O HANPSHKEHMS Ha KAaTyIIKe WHAYKTUBHOCTH ycuiuTens. EMKocTs 1o
4acTOT€ U CONPOTHUBICHHUIO BBIOMPAIOT HCXOAS W3 4YacTOThl KoJeOaHMM KOHTypa YCHIIMTENS,



COIIPOTHBIICHUS TUOJAa U MHIAYKTUBHOTO cOnmpoTHBIieHHsI. COOCTBEHHYIO 4acTOTy KOJIe0aTeIbHOTrO
KOHTYpa yCWINTEINs yCTaHABIUBAIOT PABHOM CpPEIHEN 4acTOTE UMITYJIbCOB TOKA COOTBETCTBYIOLIECH
JAHHOMY PEXHUMY paOOThI AeKTporpuBoaa. s 4-X CKOPOCTHOTO DJIEKTPONPUBOJIA B yCHUIIUTENE
MOTYT OBITh YCTaHOBJEHbI 4 MOCTOSHHBIE €MKOCTH, COOTBETCTBYIOLIHE ITHM CKOPOCTSIM, JHOO
MOJKET OBITh IPUMEHEHA EMKOCTD C TUIABHOW PETYJIMPOBKOW. Pemenne o0ycioBimmBaeTcs 001acTbio
NPUMEHEHHUs  DJIEKTPONPUBOJA M  HKOHOMHMYECKUMH  cooOpaxeHusmu. Hampumep, s
HCIIOJIb30BAaHUS 3JEKTPONPUBOJOB B JETCKUX MIPYLIKaxX I€1eCO00pa3HO MPUMEHSTh MOCTOSHHYIO
a00 JMCKPETHYI0 €MKOCTb, JJsl IPOMBIIUIEHHBIX HPUBOAOB - JUCKPETHYIO WIHM IUIABHO
PEryIMpyeMyI0 EMKOCTb.

CornacHo M300peTEHUIO COOTHOILIEHHE MHIYKTUBHOCTH KaTyIIKHU KOJe0aTeIbHOI0 KOHTYpa
Y MHIYKTHUBHOCTH JBHUTATEIS BHIOMPAIOT UCXOMS U3 HUYKECIIEYIOIIETO:

- 00JIaCThIO W YCIIOBMSIMM 3KCIUTyaTallud 3JEKTPONPHBOJA: YEM MEHBIIE HEOOXOIUMbI
ra0apuThI JIEKTPONPUBO/IA, TEM MEHBIIIE COOTHOIICHNE HHYKTHBHOCTEH;

- TpU COOTHOILEHMM HMHAYKTHBHOCTeH MeHblue 0,1 pe3ko ymeHblIiaercss 3Gp¢GEeKTUBHOCTb
MO/3apAIKH, aMIUIUTY1a U MOLTHOCTb MOJI3aPSATHOTO UMITYJIbCA;

- BEpXHMH Mpenen - eMKOCThbI0 HMCTOYHHMKA TOKa U SKOHOMUYECKMMH COOOpaKEHUSIMH -
COOTHOILIEHUEM CTOMMOCTH aKKyMYJISITOPA, JIEKTPOABUraTENsl U yCUIINTENS, a Takke rabapuraMu
YCHJINTES.

JUis WCIONb30BaHMS YCHUJIMTENS MAarHUTHOIO IIOTOKA B JJIEKTPONPUBOJAE CpeaHEH
MOILIHOCTH, BKJIIOYAIOUIEM LEMb MUTAHHUA OT MCTOYHMKA IOCTOSIHHOIO TOKA, AJIEKTPOJBHUIAaTEINb
MIOCTOSIHHOTO TOKAa, MOJKIIIOUEHHBIH OOMOTKOM BO30YKIEHHSI K OJHON M3 KJIEMM ILeNHU NUTaHMS,
BKJIIOUEHHBIE B LIENIb MEXKY JIEKTPOABUraTEeNIEM M JPYTrod KJIEMMOH LIENIU MUTAaHUS NEPBUYHYIO U
BTOPUYHYIO KAaTyIIKA HHIYKTHBHOCTU C OOIIMM CEPACYHHKOM, B HEM, COTJIACHO M300pPETCHHUIO, Ha
0a3e MEepBUYHOM KaTyIIKM HMHIYKTHUBHOCTH 00pa3oBaH, C JOINOJHHUTEIbHBIM MapajiebHbIM
MOJIKJIIOUEHUEM K HEW €MKOCTH, KOJeOaTeNlbHbIII KOHTYp B COOTBETCTBHM C BBILIEYKa3aHHBIMU
YCIIOBUSIMU KOHCTPYMPOBAHUS YCUIUTENS MAarHUTHOTO ITOTOKA U JJOTIOJIHATEIbHBIMU YCIOBUAMMU:

- BTOpHUYHAs KaTyllka MHOYKTUBHOCTU COEAMHEHAa C LENbI0 NHUTAHUA 4Yepe3 AHUOJ,
MOJKJIFOYEHHBIA MEXIy BTOPUYHOM KAaTyIIKOW MHIYKTUBHOCTH M KJIEMMOMW MUTAIOMICH LIENU WA
HEPa3BETBJICHHBIM YYaCTKOM KOJIEOATEIbHOTO KOHTYPA,

- OTHOLICHME 4YHUCJIA BHUTKOB IEPBUYHOM KATYIUKM HWHAYKTHBHOCTH K YHCIY BHTKOB
BTOPUYHOM KaTyIIKu MHIYKTHUBHOCTH paBHO Uy/Uy, rue:

Uy - HanpskeHue B Kos1e0aTeIbHOM KOHTYpE, BOJIBT,

U, - HanpsiKeHWE UCTOYHUKA TOKA, BOJIBT,

- MHAYKTUBHOCTh NEPBUYHOI KaTyIIKM MHIYKTUBHOCTHM C CEpAECYHUKOM BbIOpaHa B
nuanasone oT 0,1 10 2 UHYKTUBHOCTHU 3JEKTPOIBUTATETIS.

B kauectBe numoma B cucTeME D3JIEKTPONPHUBOJA CpPEAHEH MOLIHOCTH MOTYT OBITh
WCTOJIb30BAaHbl CTAHJAPTHBIE CHUJIOBBIE THOBI, pACCUMTAHHBIC HA PabOYMIl TOK W HAIpPsDKEHUE B
LeNM BTOPUYHOW KAaTyIIKM WHAYKTHBHOCTH, PAaBHOE HANPSIKEHUIO HMCTOYHUKA TOKA, C YYETOM
K03 dunreHTa TpanchopMaImH.

JUis WCHONB30BAHMS YCWINTEN MAarHMUTHOIO TIOTOKa B 3JIEKTPONPHUBOAE OOJIBLION
MOIIHOCTH, BKJIIOYAIOUIEM LIEMb MUTAHHUA OT MCTOYHMKA IOCTOSIHHOI'O TOKA, DJIEKTPOJBUIrAaTEINb
MIOCTOSIHHOT'O TOKA, MOAKJIIOYEHHBIM OOMOTKOI BO30YXIEHUs K OJHOM M3 KIEMM LeNH MUTaHUS,
BKJIFOUEHHBIE B LIENb MEX/y 3JIEKTPOABUIATEIEM U IPYroi KJIEMMOMU e NUTaHUs NEPBUUHYIO U
BTOPUYHYIO KAaTyIIKW UHIYKTHUBHOCTU C OOIIMM CEpPAECYHMKOM, B HEM, COINIACHO M300pETEeHHUIO, Ha
06a3e MepBUYHOW W BTOPUYHOM KaTyIIEK HHIYKTHBHOCTH OOpPa30BaHBl, C JOMOJHUTEIHHBIM
napajieIbHbIM HOJKIIOYEHHEM K HUM €MKOCTEH, KoJjieOaTellbHbleé KOHTYpPbl B COOTBETCTBUH C
BBIIICYKAa3aHHBIMU  YCJIOBUSAMM  KOHCTPYUPOBAaHUS  YCHJIMTENs  MAarHUTHOTO IOTOKa H
JOTIOJTHATENBHBIMU Y CIIOBHUSIMMU:

- MapaJIJIIbHO BTOPUYHOMN KaTYyIIKE HHAYKTUBHOCTH M EMKOCTH B 1I€TIb BKJIKOYEH JUO/,

- OTHOLICHME 4YHUCJIA BHUTKOB IEPBHYHOM KaTYIUKM WHAYKTHBHOCTH K YHCIY BHTKOB
BTOPUYHOM KaTymku HHIyKTUBHOCTH paBHoO U, /U, rae



Uy - MakCHMaJbHOE HANpsHKEHHWE Ha TEPBHUYHON KAaTyIIKE WHIYKTHBHOCTH B MOMEHT
paspbiBa LieH,

U, - pabouee HampskeHHe IM0/a U KOHIEHCATopa, BOJbT,

- HWHIYKTUBHOCTHh TEPBUYHOW KATYIIKM HWHAYKTUBHOCTH C CEpICYHHUKOM BBIOpaHa B
nuanasone oT 0,1 10 2 UHIYKTUBHOCTH 3JIEKTPOABUTATEIIS.

CornacHO HW300pETEHUIO0 TMPH HCIOJB30BAHUM 3asBISIEMOTO YCHIUTENS B CHCTEME
AJIEKTPOINPHUBO/Ia OOIBIION MOITHOCTH B HETO MAapaJlIeIbHO BTOPUYHOM KaTyIIKE IMOAKIIOYEH JHO/.
B kauectBe amoga MOTYT OBITH MCIIOJIB30BAHBI CTAHAAPTHBIC CHIIOBBIC JUOMbBI, PACCUMTAHHBIC Ha
pabounii TOK W HampsHKEHHWE, COOTBETCTBYIOIIME PE30HAHCHOMY TOKY W  HAIPSDKEHHIO,
pa3BUBaeMbIM B KOJI€OATEIILHOM KOHTYPE YCHIIUTEINSI, K KOTOPOMY MOJAKIIIOUEH JAUOJ.

CornmacHo HM300pETEHHIO TPU HCIOJIH30BAHUM YCHIHUTEISI B CHUCTEME SJIEKTPOIPHBOIA
cpenHedl M OONBIION MOIIHOCTH €ro KojeOaTenbHBI KOHTYP MOKET CoJep)KaTh, Kak U
AJIEKTPONPUBO/I MAJIOI MOIITHOCTH H B TEX )K€ YCIOBHUSX, TOCTOSHHYIO WJIH ITEPEMEHHYIO EMKOCTb.

[Tpu BBIOOpE TPAaHUYHBIX 3HAUEHUH MHAYKTUBHOCTH KaTYIIKHU KOJIeOaTeIbHOIO KOHTYpa JUIs
AJIEKTPOIPUBO/IA CPETHEN MOUTHOCTH 3/7IeCh UCXOIAT U3 TEX )K€ YCIOBHUi, KOTOPhIE OBLTH OHMCAHBI
BBIILIE IS SJIEKTPOMPHUBOA MAJIONH MOIIHOCTU 32 MCKJIIOYEHHEM TOT0, YTO CTOMMOCTh MCTOYHUKA
MOCTOSTHHOTO TOKA 3/1eCh HE PaCCMaTpPUBACTCSI.

Jl11 snekTponprBoAa OONBIION MOIHOCTH yKa3aHHBIE BBIIIE YCIOBUS BHIOOpa TPAaHUYHBIX
3HaYCHUH MHIYKTHBHOCTU OTHOCSATCS K TIEPBUYHOM KaTyIIKE WHIYKTHBHOCTH.

Jlis MCTIONb30BaHMS YCUIUTENss MAarHUTHOTO IMOTOKa B 3JEKTPOMAarHUTHOM YCTPOMCTBE
MEPEMEHHOTO TOKA, COCTOSIIETr0 M3 KAaTyIIKH WHIYKTHBHOCTH C CEPIEYHHKOM, B HEM, COTJIACHO
n3o0peTeHuto, Ha 0a3e KaTYIIKd WHAYKTUBHOCTH, C JIOTIOJHHUTEIBHBIM MapauIedbHBIM
MOJIKIIOYEHHEM K HeW eMKOCTH, OoO0pa3oBaH Koye0aTelabHbII KOHTYD B COOTBETCTBHU C
BBIIICYKA3aHHBIMH YCIOBUSAMU KOHCTPYUPOBAHUS YCUIUTEN MAarHUTHOTO TIOTOKA.

Br160p 371€MEHTOB yCHIIUTENS MPOU3BOAMTCS 3/1€Ch KaK 3TO OMMCAHO B OOMIEH 4yacTh 1o
KOHCTPYUPOBAHUIO  YCWJIMTENS MarHuTHOrO TmoToka. Kakux-nmnbo ocobGeHHOCTeH  mpu
WCTIOJIb30BAHUH 3asIBJIIEMOTO YCUIIUTENS B SJIEKTPOMArHuTax He HMEeTCs.

[IpumeHeHue 3asBIIEMOT0 YCUIUTENS B QIEKTPOMArHUTHBIX YCTPOHCTBAX MO3BOJISIET:

- YBEIUYUTh MOIIHOCTh MX WCIOJHUTEIBHBIX MEXaHU3MOB 0€3 yBEIMUYCHHs NOTPeOIIeHUsS
AJIEKTPOIHEPTUH W3 THUTAIIEH ceTH B 3-4 paza u Oosiee NpH yBEIUYCHHUH MaTEPUATOEMKOCTH
Bcero Ha 5-10%, 1o

- IpU COXPAaHEHUM 3aJaHHOW MOIIHOCTH ACHCTBYIOIIMX 3JIEKTPOMATHUTHBIX YCTPOWUCTB
CHM3UThb NOTpeOJieHue 3JeKTposHepruu B 3-4 pasa u Oonee B 3aBUCHMOCTH OT KadecTBa
M3TOTOBJICHHOTO PE30HAHCHOTO KOJIeOaTeIbHOTO0 KOHTYpa, To ecTh yBenmuuuTh KIIJ[ B 3-4 paza u
boiee,

- CHU3UTb MaTepHaIOEMKOCTh B 2-3 pa3a u 0ojiee Ha €MHHILY MOIIIHOCTH,

- YBEJIMYUTH UX K03 duimert moutHocTH 10 1,0 Ha 10OBIX HAarpy3Kax.

Jlis MCnoNb30BaHUSl YCHUJIMTENsT MarHUTHOTO IMOTOKA B MMIYJBCHBIX TpaHchopMaTopax,
COCTOSALIMX U3 IeTH MUTAHUS OT UCTOYHHUKA UMITYJIBCHOTO TOKA, IEPBUYHON U BTOPHYHONH OOMOTOK
C OOImUM CEepACYHMKOM, B HEM JOTMOJIHUTEIBHO, COTJIACHO H300peTeHMIO, Ha 0a3e MEepBUYHOU
KaTyIIK{, C JONOJHUTEJIBbHBIM MapajulelbHbIM TOJKIIOUEHHEM K Hel eMKOCTH, 00pa3oBaH
KojeOaTeNnbHbII KOHTYp B COOTBETCTBUU C BBIIICYKA3aHHBIMH YCIOBUSIMH KOHCTPYHPOBAHUSA
YCUJIUTENS] MarHUTHOTO IOTOKA W JIOTIOJIHUTEIBHBIM YCIIOBHEM: B BBIXOJIHYIO IEMb BTOPHYHOU
KaTyIIKHU MOCJIEeI0BaTEeNIbHO MOAKIIOUYEH JUO/.

JIns  WCHONB30BaHUS YCHIIMTENS MAarHUTHOIO TIIOTOKa B CHCTEME ACHHXPOHHOTO
ANEKTPOABUraTENsl, COCTOSAIET0 M3 LENU MHUTAHUSA OT MCTOYHMKA MEPEMEHHOro TOKa, cTaropa ¢
pabounmMu OOMOTKaMH, 00pa3ymoIMMH MapajuleJbHble KoJebaTeslbHble KOHTYpPBI, M pOTOpa,
MMEIOIIET0 MarHUTHOE CUEIUIEHHE CO CTaTOpOM, B HEM, COTJIaCHO H300peTeHHio, Ha 0a3e ero
CTaTOPHBIX OOMOTOK 00pa30BaHbl KOjeOaTeIbHbIE KOHTYPbl B COOTBETCTBUH C BBILICYKAa3aHHBIMU
YCIIOBUSIMU KOHCTPYHUPOBAHUS YCUJIMTENST MAarHUTHOrO mMoOToKa. [IpuHIMNUAIbHBIE CXEMBI
oOpa3oBaHusl  KojeOaTeIbHBIX KOHTYpPOB B  CHUCTeME MHOT0(azHOro  MHIYKIIMOHHOTO
ANEKTPOABUraTeNs MpHUBeAeHbl Ha ¢Gur.6-9. Bce sneMeHThl ycHINTENsI BBIOMPAIOTCS HCXOMAS U3



BBIIIICONTUCAHHBIX OOIIUX YCIIOBHI 00pa30BaHus KOJIeOaTeIbHOTO KOHTYpa yeunutelns. Kakux-imm6o
O0COOCHHOCTE B BBIOOpE ATHX DSIEMEHTOB HE TpeOyeTcs, KpoMme TeX, KOTOpbIE IUKTYIOTCS
0COOEHHOCTSIMH 00I1IeH KOHCTPYKLIUHU 3JIEKTPOJIBUrATENS.

Jna momydeHus pomnonHutenbHoro mpupocta KIIJ[ CHIOBBIX 3IEKTpOMEXaHUYECKUX
YCTPOWCTB MOKHO HCIOJIB30BATh JOTIOJHUTENFHO K YCHIHTENIO (Ha30CIBUTAIONINI MPEpPHIBATENb
(mpeobpazoBatens). Jlisg 3TOro, HampuMep, B CHUCTEME OJJIEKTPOJBHraTeNsd, Kaxayro dasy
HUCTOYHUKA TMHUTAaHUS CHUHYCOMJAIBHOTO TOKa MPOMBIIIJIEHHON 4YacTOThl MOJKIIOYAIOT K
Koje0aTeNbHBIM KOHTYpaM DSJIEKTPOJBUTATENS, OOPAa30BAHHBIM COTJIACHO C BBIIICONMUCAHHBIMU
YCIIOBUSIMU KOHCTPYMPOBAHMSI YCHIINTEINSI, Yepe3 KOJJIEKTOPHO-IETOYHbIH KOHTAKT MPEpbIBATEINS
WM TpephIBaTeNb UHOM KOHCTPYKIIMH, PACCUMTAHHBIA HA YacTOTY MPEPHIBAHUM, KPATHYIO YHCITY
MOJIyIIEPUO/IOB UCTOUYHUKA MUTAaHUA. BpIOOp KpaTHOCTHM YacTOTHI IMpPEpHIBATENS 110 OTHOLICHUIO K
4acTOTE WCTOYHMKA THUTAHHUS OMPEAENseTCS HCXOIs U3 BEIUYUHBI JKETaeMOro MpPHUpOCTa
HanpspkeHus U MomHocTH. Hanbosiee onTrManbHoe BpeMs pa3pbiBa paBHO BPEMEHM JITUTEIbHOCTH
MUKa HaMpsDKeHUs MpU paspbiBe 1enu. Kaxkapiil pa3pblB MpepbIBaTeNis 00eCIeYuBAET YBEITUYCHHE
HaIpsDKEHUs MCTOYHUKA MUTAHMSI, IPUUEM MOMEHT pa3pbIBa JJIs Kaxa0M ¢a3bl noadupaercs Tak,
9TOOBl MUK YCHIEHHOTO HANpSKEHHWsI pa3pblBa COBMAAall C TMHKOM PEaKTUBHOTO TOKa B
Koje0aTenbHOM KOHTYpe, JM00 Hauyajao pa3pblBa COBMAJAN0 C MHKOM HAaIpsDKEHHUS HCTOYHUKA
MUTaHUS.

Jig pacuera mapaMeTpOB YCHUJIUTENS MAarHUTHOTO IOTOKA, JUIsi KOTOPOrO MEPBUYHBIM
WCTOYHUKOM DHEPIUM SBISETCS MCTOYHHUK TMHTaHUS C TpepbIBaTeleM-IIpeoOpa3oBarTesiem,
MIPUMEHSIIOTCSl BBILIEYKa3aHHbIE YCJIOBHSI KOHCTPYHMPOBAHHS YCHJIMTENS MAarHMTHOTO IOTOKa C
y4eTOM HAIpPSKEHUSI, TOTyYeHHOTO CHJIOBBIM KOJIe0aTEIbHBIM KOHTYPOM OT MpephIBaTENs.
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Ha ¢wur. 1 nmpuBenena mnpwHOMNUATIBHAS cXeMa SJIEKTPOMarHUTHOro myckarens c III-
00pa3HbIM CEPIICYHUKOM U CHA0KEHHOTO 3asBIICHHBIM YCHIIUTEIIEM MarHUTHOT'O TIOTOKA.

O6o03Hauenus Ha ¢wur.1.

1 - ICTOYHHK TIEPEMEHHOTO TOKa,

2 - KaTyIIKa HHIYKTUBHOCTH,

3 - cepaeunuk [11-o0pa3HbIi,

4 - eMKOCTb,

5 - SIKOPb.
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Pur. 2

Ha ¢wur.2 mnpuBenena mnpuHIMIUAIBRHAS CcXeMa dJeKTpoHarpeBarens ¢ Il-oOpa3HbIM
CCPACUHHUKOM U CHa6)K€HHOF0 3as4BJICHHBIM YCHUJIUTCIICM MAruuTHOI'O IIOTOKa € MOHOJIMTHBIM
HarpeBaeMbIM 3JIEMEHTOM.



AT

[~

2
3
5

‘ 7
L g 7 /ﬁq

BOJA '_____'r'fl ya
XONOIHAA : 7 77 7 mﬁ ropsuas

6

|
|
[
|

— Qur. 2-a

Ha ¢wur.2a npuBeneHa nNpuHIMIHANBHAS CcXeMa »3JeKTpoHarpeBarenss ¢ II-oOpa3HbIM
CEepJCYHUKOM M CHa0XXEHHOro 3asBJICHHBIM YCWJIMTEJIEM MAarHUTHOTO TIOTOKAa C MOJBIM
HarpeBaeMbIM 3JIEMEHTOM.

O6o03Hauenus Ha ¢ur.2 u ¢ur.2a.

1 - HICTOYHMK MEPEMEHHOTO TOKa,2 - KaTyIIKa HHIYKTUBHOCTH,

3 - TpanchopmaTopHbIii [1-00pa3HbIii cepIeIHIIK,

4 - eMKOCTbD,

5 - moHomuTHBIA (¢pur.2) wam monblid ((ur.2a) HarpeBaeMbId 3JEMEHT, B TOM YHCIE
MIPOMBIIIICHHAs KOHCTPYKLHUSA (JIeTallb) Ha MECTE €€ PACIIONOKEHHUS,

6 - WTy1ep A N0JBOAA XOJIOIHOM BOJBL,

7 - wTyuep Ais 0TBOJA ropsiueid BOJIBL,

8 - Ternuon3oaaIus.
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Ha ¢wur.3 mnpuBeneHa mnpuHNMNUANBHAS OJEKTPUYECKass CXeMma JJIEKTPOIPHUBOJA
MOCTOSIHHOTO TOKa Majioi MourHocTu (HampspkeHue nutanusa a0 100-120 BonbT) - 3JIEKTPOKApPHI,
AEKTPOMOOMIIH, C 3asBJICHHBIM YCUIIUTENIEM MarHUTHOTO MOTOKA.

O06o03HaueHus Ha ¢ur.3.

1 - ICTOYHMK TTOCTOSTHHOTO TOKA,

2 - KaTylIKa HHAYKTUBHOCTH KO0Je0aTeIbHOI0 KOHTYPA,

3 - cepAeYHUK (MarHUTONPOBOJ KOHTYpa),

4 - eMKOCTbD,

5 - o6MoTKa BO30Y:K/I€HUS AJIEKTPOJIBUrATENs,

6 - pOTOp 2IEKTPOABUTATEN,

7 - BBIKITIOUATENh (KOHTAKTOD),

8 - quog,

10 - mEeTOYHBIM KOHTAKT 3JICKTPOIBUTATEIS.

11 - compoTuBiieHUE (EPEKITIOYATENb CKOPOCTEH).
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Ha ¢ur. 4 u 4a npuBeneHbl NPUHIMIHUAIBHBIE AIIEKTPUUYECKHE CXEMbl (BapHAHTBHI)
ANEKTPONPUBOAA MOCTOSHHOTO TOKa cpeaHedl MmomHoctu (ans HampsbkeHuss 400-600 Bombt,
HarpuMep, IJ1s1 TPaMBaEB, TPOJJICHOYCOB) C 3aBJICHHBIM YCHWJIMTEIEM MarHUTHOTO TTOTOKA.
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Ha ¢ur. 5 npuBeneHa mnpuHIUNUANbHAs JJIEKTPUYECKass CXEeMa JJIEKTPONpPUBOAA
MIOCTOSIHHOTO TOKa 0o0jbmoi Momuoctu (ans Hanpspkenust 1500-3000 Bosabt, Hampumep, Uis
3JIEKTPOBO30B) C 3asBJIEHHBIM YCHJIUTEIEM MarHUTHOTO MOTOKA.

O6o3nauenus Ha ¢ur.4, 4au 5.

1 - UICTOYHHK MOCTOSIHHOTO TOKa,

2 - KaTyIIKa HHIYKTUBHOCTH KOJIEOATEILHOTO KOHTYPA YCUIIUTES,

3 - cepeuHUK (MarHUTOIPOBO] KOHTYPa),

4 - eMKOCTb,

5 - 00MOTKa BO30YKIEHUS JICKTPOIBUTATEIIS,

6 - POTOp AIEKTPOABUTATEIIS,

7 - BBIKITIOUATENh (KOHTAKTOD),

8 - nuon,

9 - BropuuHnas (pur.4 u 4a) wiu neppuuHas (pur.5) KaTymka HHIYKTHBHOCTH,

10 - meTouyHbIl KOHTAKT poTOpa 3aeKTpoasurarens (6),

11 - conmpoTuBieHUE (MEPEKITIOYATEIb CKOPOCTEH ).
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Ha ¢wur.6 u 7 npuBeacHB IPUHIUITHAIBHBIE CXEMBI 00Pa30BaHUS 3aSBICHHOTO YCHIUTEIIS
MarHUTHOTO TMOTOKAa B aCHHXPOHHOM 3-X (a3HOM JABHUTarene, OOMOTKH BO30YXKICHHUS KOTOPOTO
coenuHeHsl o cxeme 3BE3JIA niis nuHeHOTO HOMUHAIBHOTO HAMPSKEHUSI HCTOYHUKA MTUTAHMSL.
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Ha ¢wur.8 u 9 npuBeneHpl MPUHIMITHAIBEHBIE CXEMBI 00pa30BaHUs 3asSBICHHOTO YCHIUTEIS
MarHUTHOTO TMOTOKAa B aCHHXPOHHOM 3-X (a3HOM JABHUTarene, OOMOTKH BO30YXKIACHHS KOTOPOTO
coenqunensl o cxeme TPEYT'OJIBHUK mist nuHEeHHOTO MOHUKEHHOTO HATIPSKCHHUS.

O6o3nauenus Ha ¢ur.6, 7, 8 u 9.

1 - ucrounmk 3-x pa3HOrO MEPEMEHHOTO TOKA,

2 - 0OMOTKH BO30YXAC€HUS - KaTYIIKA HHAYKTUBHOCTH KOHTYPOB,

4 - eMKOCTb.
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Ha ¢wur. 10 npuBeneHa mpuHIMNUATBHAS cXeMa OOpa30BaHUS 3asSBICHHOTO YCHIUTEIS
MarHuTHOTO TTOTOKa B CUCTEME UMITYJIbCHOTO TpaHchopmaTopa. O6o3HaueHus Ha ¢ur. 10.

1- PIMHy.]IBCHLIﬁ HCTOYHHUK IIUTAHUA,

2 - mepBUYHAs KaTyIlIKa UHIYKTUBHOCTH,

3 - TpanchOpPMATOPHBINA CEPACUHUK,

4 - eMKOCTb KOJI€0aTeIbHOr0 KOHTYpA,

S - BTOpUYHAs KaTyIllIKa UHAYKTUBHOCTH,

6 - nuon.

CBe,Z[eHI/IH, NOATBCPIKAAIOIINUC BO3MOKHOCTD OCYILICCTBJICHUSA I/I306peTCHI/ISI

B coorBercTBUM ¢ uU300peTeHHMEM KOHCTPYKIHMSI YCHJIWTENS MAarHUTHOTO IIOTOKa,
npeaAHAa3HAUYCHHOT' O JJIA HUCITIOJIB30BaHUA B CHUJIIOBBIX OJICKTPOTCXHUYCCKUX YCTpOﬁCTBaX
WHAYKIIMOHHOTO THWIIA, COCTOMT M3 IeNM MHUTaHUus OT HCTOYHUKA (1) mMepeMeHHOro wiu
MOCTOSIHHOTO TOKA, PE30HAHCHOTO MO TOKY KOJIEOATENIbHOTO KOHTYpa, BKIIOYAIOIIETO KATYIIKY




WHIYKTUBHOCTH C TPaHC(HOPMATOPHBIM CEPACYHUKOM (3) M MOAKIIIOYSHHYIO TapaljIeNIbHO KaTyIIKe
WHAYKTUBHOCTH €MKOCTh (KOHIeHcaTop) (4) u B psne (ykKa3aHHBIX Ha (QUrypax) MPUMEHEHHH -
MO, U ¢ 00pa3oBaHUEM OOIIET0 MarHUTOIIPOBOA - MPUEMHHKA/TIPE0Opa30BaTeIsl yCHICHHOTO 32
CYeT pe30HaHCa TOKOB MAarHUTHOTO TMOTOKA JUIsl BBIMOJHEHUS TMOJE3HOW paboTel/Harpy3ku. [lpu
9TOM yKa3aHHBIH NMPHEMHUK/TIPe0Opa3oBaTelb yCUICHHOTO MArHUTHOTO MTOTOKA B 3aBUCHMOCTH OT
€r0 HCIIOJIb30BAHHUA B KOHKPETHBIX JJEKTPOTEXHUYECKUX YCTPOMCTBAX HMEET pPa3IHuHyIo
KOHCTPYKIIHUIO:

Jlisg  saexTpoMarHuTHOro ycrtpoiictBa (¢ur. 1) - sto cepaeunuk (3) u skopb (5),
oOpasyrolue yepe3 BO3AYIIHBINA 3a30p OOIIM 3aMKHYThIii MAarHUTOIIPOBO/I.

Jnsa snextpoHarpeBatens (¢ur. 2 u 2a) - 310 cepaeyHuK (3) U HarpeBaeMblil dneMeHT (5),
oOpazyromue o0mmii 3aMKHY ThI MarHUTOIIPOBO/I.

Jlis 37eKTpOnpUBOAOB MOCTOSHHOTO Toka (dur.3, 4, 4a u 5) - 310 cepaeunuk (3),
HMMEIOLUI, B CBOIO OYEpEe]b, COOTBETCTBYIOLIYI0 KOHCTPYKIHUIO B 3aBHUCHUMOCTH OT MOILHOCTH
ANEKTPONPUBOA.

Jlyis anekTponBHTaTelNs iepeMeHHoro Toka (¢ur.6, 7, 8 m 9) - 3TO CepAeYHHMK cTaTopa H
CepIICYHHK poTOpa (HE MOKa3aHkl), 00pa3yIole Yepe3 BO3AYIIHbBIN 3a30p 00Ul MAarHUTOIPOBO/I,
1 00MOTKa poTopa.

Jnsa wummnynscHoro Ttpanchopmatopa (¢pur.10) - sTo TpaHcPOpMATOPHBIA 3aMKHYTHIH
cepaevHuK (3) u BropuyHasi oOMoTKa (95).

B cocraBe cHIIOBBIX 3JEKTPOTEXHUYECKHX YCTPOMCTB MpPEIIaraeMblii YCHUIUTENb CIYKUT
TrEeHEpaTOpOM JOIOJHUTEIBHOH W B psijie NPUMEHEHUH (3JIEKTPOMArHUTHOE YCTPOMCTBO,
ANEKTPONPUBOJ TOCTOSHHOTO TOKa) - OCHOBHOM MOIIHOCTH D3THUX YCTPOMNCTB, MOBBIMIAS UX
TEXHUYECKUN YPOBEHb, KOHKYPEHTOCIIOCOOHOCTh M SKOHOMHUYECKHE [TOKA3aTEH.

Pabota ycunuTens MarHUTHOTO MOTOKa B cuUcTeMe 3nekTpoMarHura (¢wur.l) coctout B
HUKECIIEAYIOILEM.

[Ipu moaxIIOYeHUH FIEKTPOMArHUTAa K MCTOYHUKY MEpeMeHHOro Toka (1) TOK mpoxoauT
4yepe3 KaTylKy WHAYKTUBHOCTH (2) M eMKOCTh (4), HaBons B KOoHType (2, 3 u 4) 3agaHHbBIN €ro
rapaMeTpaMi PE30HAaHCHBIM TOK, HACBHIIAIOUINM CepIeUYHUK M PACCUMTAHHBIM HAa HOMHUHAJIBHYIO
MOIITHOCTh AJIEKTpOMarHuTa. Pe3oHaHCHBIN TOK, B CBOIO Oo4Yepesb, CO3aeT MePEeMEHHOE MarHUTHOE
MoJIe W COOTBETCTBEHHO - H3MEHSIOIIMICS MAarHUTHBIM TOTOK B cepiaeyHuke (3), KOTOpBIi
HAaMarHU4MBaeT CEpPACYHUK M SKOpb (5) ¢ 0o0pa3oBaHMEM pa3IMYHBIX MAarHUTHBIX IIOJIOCOB B
MecTax ux commkeHus. OOpa3oBaBIIMECs] Pa3HOMMEHHBIE MAarHUTHBIE TOIOCHI cepaeuHuka (3) u
akopst (5) HpUTATHBAIOTCA APYr K JAPYrYy C 33JaHHOM CHIIOH, OOYCIIOBICHHOH BEIWYMHOM
MaKCHUMaJIbHOTO MarHUTHOT'O MOTOKA U PE30HAHCHOTO TOKA B K0JIEOATEIbHOM KOHTYPE.

[TpuHIMNHMATIBHBIN pacueT 3asiBICHHOTO YCUJIMTEINS B CUCTEME 3JICKTPOMAarHUTa NPUBOINUTCS
HIDKE Ha TPUMEPE MOJEPHU3AIMHU AJIEKTPOMAarHuTHOTO mmyckatenst [IME-211.

VcxonHble JaHHBIE yCKATENS 0 MOJCPHU3AINH:

Sm=2,7xlO'4 M- s dexTUBHAS TUIOIAAh CEUCHUS CEPICUHHKA,

L,=0,15 M - nnuHa cpeHei TMHUKA MarHUTONPOBO/IA,

L3=0,048 MM - 1yinHa BO3IYITHOTO 3a30pa MEKY IKOPEM U CEPACUHUKOM,

f=50 I't - yacTOoTa UCTOYHMKA ITUTAHUA,

U=220 V - HanpsiKeHWE UCTOUYHHNKA MUTaHUA,

Bn=1,29 Tn - ucxognas MarHuTHasi UHAYKIUS B CEPACUHHUKE,

m():4'3,14'10'7 - MarHuTHAs MOCTOSHHAS.

- BriOupaeM MarHUTHYIO WHAYKIHIO B CEpJCYHUKE, ONMM3KYIO0 K HACBHIIIEHUIO MO KPUBOU
HaMarHWYUBaHUS JI UCTIOJIb3YEMON MapKH JIEKTPOTEXHUUECKOU cTalid D4 (3JEKTPOTEXHUUECKHI
cnpaBoyHuK non pen. B.I'. TI'epacumoBa, M., Dueproarommsgar, 1985 r.) B,=1,53 Tn u
COOTBETCTBYIOIIYIO €i HANPsKEHHOCTh MarHUTHOTO ToJis B cepaeynnke H(Bp,)=2500A/m.

- BeruncnuM 4rcino BUTKOB KaTYIIKW UHAYKTUBHOCTH U3 COOTHOIICHUS
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- Paccuntaem HanpsKEHHOCTh MAarHUTHOro mois B Bo3aymHoOM 3a3ope Hiz(Bn)=
Bn/mo=1,53/12,56'107=12,56'10° A/m.

- Hamaranuusaromas cuna B marHuTonpoBoae Uy=HpLn+H3zLi= 2500'0,15+12,56'105'4,8'
10°=433.5 A

- Onpenenum cuiny Toka B kontype I[,=U,/w=433,5/2400=0,181 A.

- Onpenenum ceyeHne NpoBoa B KaTyIIKE UHAYKTUBHOCTH

Q- l:l,.Bi‘II|c = 0,8¥0,181 = 0,34 MH

- OkcnepumeHTanbHO omnpeaensieMm Cos m20,2 n cuiry toka [=0,185 A B karymike
MHIIyKTUBHOCTH 0€3 EMKOCTH C CEPJICUHHKOM IIPH pabodeM, 3aMKHYTOM TTOJIOKEHHUH SIKOPSL.

- BeibupaeM eMKocTh, HEOOXOOUMYIO Ui 00pa3oBaHHsA KOJeOATEIBHOTO KOHTYpa, W3
COOTHOIIICHUS

I XSiny
_ Tk 0,185x0,98 -6
| = = Z,6X10
zm‘uk G, ZBX50XZZ0

MED

Pe3y.]'II>TaTLI CPaBHHUTCIIbHBIX HUCIIBITAaHHU I IMPUBCJACHLI B Taom.1.
PCSyJ'II)TaTI)I CPaBHUTCIBbHBIX HUCIIBITAHUN MarHUTHOI'O Myckarejiai € HCIOJIb30BAHHUEM
YCUIIUTEIISI MAarHUTHOT'O ITOTOKA.

Tabnuua 1
[lokasarenn KOHCTPYKTHBHEIX 3neMeH- | CTanaapTHelil 06- | O6pasern ¢ yeunu-
TOB M Pe3yJIbTaTOR UCIBITAHUIH pasel, myckaTe- |Te/lleM MarHHTHOTO

ng [IME-211 MOTOKa

rabaputhl 0bpasua, MM | 110x90x87 To %e +40x40x20
IUTHHA CPefiHEeH TMHUK CepaedHUKa, 150 150
MM
nnomank CEYeHUs CepacyHUKa, M 2,7x1 0 2,7){10’4
YHC/I0 BUTKOB KaTYLIKH 2840 2400
YCTaHOBJIEHHAA EMKOCTh, MKD --- 2,6
CEYeHHE MPOBO/JIa KATYLIKH, MM 0,224 0,330
HanpAKeHHEe B MUTaroLlel ceTH, BonbT | 220 220
KO3((QHIIHEHT MOLLHOCTH B KOHTYpE  |--- 0,24
CHJIa TOKA B KOHTYpe, MHIHaMIep == 185
CHIIa TOKa, NoTpedaseMoro ot ceTH, 65 63
MUJITTHAMIIED
MOLLHOCTb, pPa3BUBaeMas yCHIHTeNneM, |--- 40,7
Bt
MOILHOCTB, NoTpebiseMas ot cet, Bt | 14,3 14,3
K02(DUIINEHT MOLLHOCTH AJA CETH 0.4 0,99
CHIIA NPHTIKEHUA SKOpS, KI 1,9 5,7

HpI/IBe,I[eHHBIe B Ta0I. 1 AAHHBIC CPAaBHUTCIIbHBIX HUCIIBITAHUH MarHUTHOT'O IycKaTeIs 0e3

YCUIIUTCIIA U C YCUIIUTCIIEM IMOKAa3bIBAIOT, YTO!:



- KOO(QPUIMEHT MOLIHOCTU JEMOHCTPUPYEMOW MAarHUTHOW cucteMbl nosbimaercs 10 0,99
MPOTHUB cTaHAapTHOro 3HaueHus 0,4,

- moTpeOIsieMast U3 CETH MOIITHOCTh HE H3MEHSETCH,

- CWia TPUTHKEHUA SKOps (MeXaHWYecKas MOIIHOCTb) IPH COXPAaHEHUM 3HAYEHUS
MOTPeOIIIEMOi M3 CETH MOIIIHOCTH BO3pociia B 3 pasa.

PaboTa ycunuTens MarHUTHOTO MOTOKA B CUCTEME 3asBJICHHOTO 3JIeKTpoHarpeBaTens (¢ur.2
1 ¢ur.2a) COCTOUT B HUKECIIETYIOIIEM.

ITpu noaxIrOYeHUM 3IEKTpOHArpeBaTess K MCTOUHUKY IepeMEeHHOro Toka (1) Tok mpoxoauT
yepe3 KaTylIKy MHAYKTUBHOCTH (2) M eMKocTh (4), HaBoJs B KOHType (2, 3 u 4) 3agaHHbIN €ro
napameTpamMH pe3oHaHCHBIH Tok. [locnennuii, B cBOIO ouepesb, CO3JaeT NMEPEMEHHOE MAarHUTHOE
[I0JIE U COOTBETCTBEHHO - M3MEHSIOIIMNCS MarHUTHBIM MOTOK B cepiaedyHuke (3). YcuneHHbIN B
cepaeyHHKe (3) MarHUTHBIN MOTOK MPOHHU3BIBAET HArpeBaeMblil 3JeMeHT (5), KOTOPbI 3aMbIKaeT
MarauronpoBoa (3-5). [Ipoxons yepe3 HarpeBaeMblil 3JIeMEHT (5), YCHUIIEHHBIM MarHUTHBIA MOTOK
HaBOJUT B HEM TOKH, KOTOpPbIE BMECTE C YCHJIEHHBIM MarHUTHBIM IIOTOKOM HarpeBaroT 3J1eMeHT (5)
70 3aJaHHOW TeMmrepaTypsl. B Tabn. 2 mpuBOAATCS pe3ynbTaThl CPAaBHUTEIBHBIX HWCIBITAHUN
3asBIISIEMOr0 3JIeKTpoHarpeBarensi (oOpasen 3) B CpaBHEHHH C WHAYKIMOHHBIM (oOpazer 1) u
WHIYKIMOHHBIM HarpeBaTeIeM C CEpICYHHKOM 0e3 CHIIOBOro Ko1e0aTelbHOTro KOHTypa (oOpasert
2).

Pe3ynbpTarhl CpaBHUTENBHBIX WCIBITAHUA HHAYKIMOHHOTO  3JEKTpOHArpeBaTens c
YCUJIMTEJIEM MarHUTHOT'O MOTOKA.

WcnpiTanus npoBoauiauch Ha yactote S0 repiy B CpaBHEHUU C OOBIYHBIM HMHIYKIIMOHHBIM
HarpeBarejeM MNpoMbIluIeHHOW wacToThl 50 repry (oOpaszeny 1) M ¢ 3eKTpoHarpeBaTesieM,
MMEIOIUM CEpJCYHUK M HArpeBaTEJbHBIM 3JEMEHT, HO HE HMMEIOIIUM YCHINTENS MarHUTHOIO
noroka (oOpaser 2). B kayecTBe HMCTOYHMKA NMUTAHHS MCIOJB30BAIM HCTOYHHUK IEPEMEHHOTO
CHHYCOUIABHOTO TOKa. Pa3mepsr oOpasua 3 manel Ha ¢wur.2. Pasmepsl oOpasna 2 MISHTHYHBI
pa3mepam obpasua 3. Bo Bcex Tpex oOpasnax B KaueCTBE HarpeBaeMOIo JIEMEHTa HCIOJIb30BaJIaCh
YyryHHas ImTa pasmepoM 325x140x23 MM 1 Maccoii 7,1 kr.



Tabnuua 2

WHOYKIL. Harpe- |MHAYKU, Harpe- | AHAYKL. Harpe-
BaTeNlb C YYI'YH- | BATENb C CepP- | BATENb C YCHITH-
HEIM 37IEMEHTOM | IEYHHKOM H TeneM W Harpes.
HArpeBaeMbIM | 3TTEMEHTOM M3
3NEMEHTOM W3 | 4yTyHa oOpa-
obpazen No 1 yyryHa obpasen |3en Ne 3
Ne 2
Hanpsxenne ucrounnka |220 220 220
MHTAHHSA, BONBT
Cpenunii nuamerp BuT- 13 6 6
KOB, CM
Uscno BUTKOB 11050 500 300
Ceuenue MpoBoaa, MM 1.08 1.0 1,5
MorpeGnsemelii Tok oT | 2,2 1,8 1.8
ceTH, A
Koabduument momnocta | 0,3 0,63 1.0
B MHTAKOILEH CETH
KoapduunesT MOLIHOCTH |— —_— 0,24
B KOHTYpE
Bpems Harpesa, MHH. 24.5 17,0 g,16
Pasnocts Temnepatyp Ha- | 66,5 — 68 - 26=42°C |73,5-
rpeea, A t=t-t, 29,5=37°C 20=44.5°C
Konuuectso seigenetnoro | 141,8 161,3 170,61
renna, K #
KITJ1,% 18,4 40,0 89,0

W3 Tabm. 2 BHUIHO, YTO NPUMEHEHHWE YCWIMTENs MAarHUTHOTO TIOTOKA, COTJIACHO
M300peTEeHUIO, TTO3BOJISET:

- yBenuuuth KIIJI ot 18,4-40,0% mo 89-90%,

- CHU3WTH 3aTpaThl I[BETHBIX METAJUIOB (Mean) B 2,5 paza u boinee,

- yBenmn4uTh KodpduuueHT momHoctu B cetu ot 0,3-0,6 1o 1,0 ¥ MOTHOCTBIO pasrpy3uTh
CETh OT PEAKTUBHBIX TOKOB.

PabGora ycuiauTens MarHUTHOrO TIOTOKA B CHCTEME AaCHHXpOHHOro 3-x (asHoro
ANEKTPOABUTaTENS IEPEMEHHOTO TOKa COCTOUT B HIbKecaeayromuieM (¢ur.6-9).

[Tpu moakTFOYEHUH 3JIEKTpoaBUTATENsT B 3-X (Da3HyI0 CceTh nepeMeHHoro Toka (1), Tok
MPOXOIUT dYepe3 OOMOTKU BO30OykIeHUs (2) 5SIeKTPOJABUTATENS, KOTOpBIE SBISIOTCS 3/€Ch
KaTyIIKaMU UHIYKTUBHOCTU CHJIOBOTO KOJ€0aTelIbHOI0 KOHTYpa, U uepe3 eMKocTU (3) (3J1eMEHTHI
CHJIOBOTO KOJebaTeabHOro KOHTYypa), HaBOJsS B KOHTYpax 3a/JlaHHBIM UX MapaMmeTrpamu, COTJIacHO
M300pETEHUIO, PE30HAHCHBI HAMarHWYMBAIONIUN TOK. DTOT TOK, B CBOIO OYEpeIb, CO3JAcT
MEPEeMEHHOE MAarHUTHOE TOJIE€ M COOTBETCTBEHHO - U3MEHSIONIUICS YCUIICHHBIN Pe3yIbTHPYIOIIHIA
MarHUTHBIN TTOTOK B CEPJIEYHUKE CTaTOpa U POTOPA, YKE Ha XOJIOCTOM X0y UMEIOIIUI BEITHUNHY
MarHUTHON MHIYKIUU, OJHU3KYIO K 00JIACTH MOJTHOTO MarHUTHOTO HACHIIIEHUS MarHUTONPOBOJA U
00eCTIeYNBAIOIINI MEXaHUYECKYI0 MOIITHOCTh Ha BTy JIEKTPOIBUTATEIIS.

Hcnonk3oBaHue mpejiaraeMoil KOHCTPYKITUH 3asBIISIEMOT0 YCUITUTEINs MAarHUTHOTO MOTOKA
B CHCTEME aCHHXPOHHOTO AJIEKTPOABHUTATENS 110 HALIMM JJAHHBIM MTO3BOJIHT:

- 0e3 yBeIMUYEHUS MAaTEPHATIOEMKOCTH M TabapUTOB JOCTHYb YBENUYEHHUS HOMUHAIHHOU
momHOocTH Ha 30-50% wu Oomee, nmO0 ymeHpmuTh B 1,3-1,5 paza marepuasioeMKOCTh W,
COOTBETCTBEHHO, CE0ECTOMMOCTh KOHCTPYKIIUI HAa €TUHUILY MOIIIHOCTH,



- MOJIy4UTh cTaOWIbHBINA KocuHyc "¢du" He meHee 0,98-1,0 Ha Bcex pexumax Harpys3ku (Ha
xonoctom xony - 0,94-0,97),

- YMEHBUIUTHb CKOJbXEHHE B 2,5-3,5 pa3za NpOTUB HOMHHAJIBHOTO Ha BCEX peXUMax
Harpy3kd J10 MaKCHMAlbHOM, Mpu mneperpy3ke B 2-2,4 pa3a Bbllllé HOMUHAJIBHOW MOJIYYHUTb
CKOJIb)KCHHE HE BBIIIE HOMHHAJIBHOTO JI0 MOJCPHHM3AINH, YTO CBHUJCTEILCTBYET O OOJBIIOM
MarHuTHOM CLEIUIEHUH pOTOpa U CTaTopa,

- B 1,7-2 pa3a u Oosee yBeIUYUTH IyCKOBOM MOMEHT,

- B 2-2,5 pa3a u 6ojee yBeIUUYUTh MAKCUMaJIbHbII MOMEHT,

- yBenuuuth KIIJ] Ha 2-10%, nomyunts makcumanbsHbiii KIIJ] B aumanazone Harpy3ok OT
HOMMHAJIBHOM 10 MAaKCUMAaJIbHOM,

- B 3-5 pa3 yBeJIMUUTh MarHUTHOE CILIETJIEHUE POTOpa M CTaTOpa U MOBBICUTH HA/IEKHOCTh
KOHCTPYKIHMH, pab0TaIOMUX B PEXUME MPEETbHO JOIMYCTUMBIX EPErpy30K.

- IpUMEHEHHE  (a30CIBUTraIOUIETO  IpEpbIBATENIl  MO3BOJUT  JOMOJIHUTEIHHO
BBIIIICYKA3aHHBIM JOCTHXKEHHUSIM noiyuuTth yBenuuenue KI1JI va 30-60% u 6oee.

Paborta ycmnuTens MarHMUTHOTO IOTOKAa B CHCTEME SJIEKTPONPHBOJA MaJlod MOIIHOCTH
COCTOMT B HIXKecneayomeM (¢ur.3).

[Ipy moakIrOYeHUH 3JIEKTPONPHUBOJA K MCTOUYHUKY MOCTOSHHOro Toka (1) TOK mpoxomauT
yepe3 0OMOTKY B030ykIeHH (5) ayIeKTpoABUraTesisi IOCTOSTHHOTO ToKa. B mpolecce kommyTanuu
AKTUBHOE CONPOTHUBIICHHE ILIE€TOYHOTO KOHTAaKTa M3MEHSETCS B TEUEHHE MNEpHoAa KOMMYTALUU.
SJIC caMOMHAYKLIUH, UHIYLHpYyeMas B KOPOTKO3aMKHYTOM CEKIIMM MarHUTHBIM IOTOKOM SIKOPA,
NPUBOJUT K KpPHUBOJIMHEMHONM KOMMYTAllMM, B MPOJOJDKEHUE [EepuoJia KOTOPOM KaTylIka
MHAYKTUBHOCTH C CEpJCYHUKOM KOHTYpa HAKaIlJIMBAe€T SHEPIUI0 MArHUTHOIO IMOJs, PaBHYIO
Wi=LI*/2, a KOHIEHCATOpP KOIEOATETHHOTO KOHTYpA 3apsKACTCS, HAKAIUTHBAS SHEPTHIO
3JIEKTPUUECKOro 1ot We= CU2/2, rae

WL - 3Heprusi MarHuTHOTO MOJIA,

L - uHOyKTUBHOCTB,

I - cuna Toka B Kose6aTeILHOM KOHTYPE,

Wc - 3HEprust 31eKTpUYECKOT0 MO,

C - eMKOCTb,

U - HanpshKeHHE B KOJIeOATEIbHOM KOHTYPE.

[Tpu strom DJIC camMOMHIyKIIMKM KaTYIIKH WHIYKTUBHOCTHU (2) HampaBjieHa HaBCTPEUY TOKY
ucrounnka nutanus (1) u ckinaneiBaerca ¢ JC camoumnaykiuu apurarens (6), 4TOo NPUBOJIUT K
0oJjiee MIaBHOMY IYCKY AJIEKTPOABHUraTelsi, 6e3 pbiBKa MyCKOBOro Toka. [Ipu pa3MbIkaHUU IIETOK
axopst (10) snekrpoasuratens (6) yCHJICHHBIM HaNpspDKEHHEM pa3pblBa LEMH MarHUTHBIM TMOTOK
CO37Ja€T MarHUTHOE TIOJie, KOTOpOE€ IepecekaeT BUTKM KaTymku (2), HaBoms B Hed DJIC
CaMOMHJIYKIMM, HaNpaBlIeHUE KOTOpOoH coBnagaer c HampasieHueM OJC caMoumHAyKUnU
asuratens U JJIC UCTOYHMKA MUTaHUS U MPEBOCXOJIUT UX CyMMY MO aMIUIUTYZAE, TAK KaK B 3TOT
MOMEHT MarHUTHBIN MOTOK, MPOXOJAIIUI Yepe3 CEpACUHUK YCWINUTENs, TOCTUTraeT MaKCUMyMa, a
MarHuTHas MHAYKLIKSA OJU3Ka K MHIYKUMU HackleHus. [Ipy yactote KoMMyTaluii, coBIagaronie
¢ cOOCTBEHHOI 4acTOTOH KojeOaHHMi PE30HAHCHOTO TOKA B KOHTYpPE, MarHUTHBIN MMOTOK MOIy4aeT
MaKCHUMaJIbHOE yCHJIEHUE, TaK KaK KoJieOaTeabHbIH KOHTYP MOANEPKUBAET aMIUIUTYAy KOJIeOaHU
PE30HAHCHOTO TOKa M HANpsDKEHUS pa3phiBa IEMU MakcuMalbHOU. [Ipu 3TOM TOK, 00yCIOBICHHBIH
OJIC caMOWMHAYKIIMM  KaTyIIKH YCHJIMTENS, Tepe3apsbkaeT  KOHJEHcaTop, olecrevyuBas
PE30HAHCHBIN PEXHUM paboOThl KOJIEOATENbHOr0 KOHTypa ycuiurtenas. Kak oOHapyXeHO HamH,
sHepruss DJIC caMOMHAYKIMM KaTyIIKU YCWJIMTENs oOecredrBaeT 4Yepe3 IUOoJl U Tepe3apsij
KOHJIEHCATOpa MOJ3apANKY aKKyMyJsTOpa KOpPOTKMM HMIIYJIbCOM PpPE30HAaHCHOTO TOKa H
HanpskeHUs. Upgspusa B TEUEHHE BPEMEHH CYHIECTBOBAHMS KaHajda AyTM/UCKPBI M OJHOBPEMEHHO
9THM JK€ UMIIYJbCOM IUTAeT JBUraTenb. HampaBieHue ke BpallleHUs ABUraTells HE 3aBUCHUT OT
MOJIAPHOCTH UMITYJIbca TOKA. Takum o0pa3oMm, 3JIeKTPOIHEPTUs IEPBUYHOIO UCTOYHHUKA MTUTAHUS B
nporecce pabOThI AIEKTPOABUrATENs 32 KaXKAbIH MEepruo] KOMMYTAIlUd OYEPETHON CEeKLUUHU SKOps
pacxolyeTcsi IpHU 3aMbIKAHUHM KOHTAKTOB U MOIOJIHAETCS IIPU Pa3pbIBE LIETIH.



Paborta ycunmuTenss MarHUTHOTO IMOTOKAa B CHCTEME 3JEKTPOIPHBOAA IOCTOSHHOTO TOKa
cpenueit mourHocTu (pur.4 u 4a) oTnyaeTcst OT pabOThl YCUIIUTENS, ONMUCAHHOTO MO ¢ur. 3 TeM,
YTO B KOHTYpE YCHUJIMTENS HaOJIOAaeTCsl 3HAUUTENbHbIN, a B HEKOTOPBIX CIy4yasiX MHOIOKpPATHBIN
pocT HampsbkeHHs. BTopuuHnas nmoHmxkaromas ooMotka (9) ycunurens, MHIYKTUBHO CBS3aHHAs C
NepBUYHON (2), BOCIPUHUMAET YCUJICHHbBIN MarHUTHBIN MOTOK, M Yepe3 AUOJ (8) UMITyIbCOM TOKa
Y HamnpsOKEHUs TOJMUTHIBAeT ABUTATenb (6) w/uinu UCTOYHMK mnuTanus (1), ymeHbias oOIIMii
pacxo 3IEKTPOIHEPTHH.

PaboTta ycunuTens MarHUTHOIO IOTOKAa B CHCTEME 3JIEKTPOINPHBOZA IMOCTOSHHOTO TOKa
OOJIBIIION MOIIHOCTH OTJIMYAETCS OT BBIIEOMUCAHHBIX 10 ¢ur.3 u ¢ur.4 u 4a B cienyromem. [Ipu
KOMMYTAIlMU CEKIMU sIKOps (6) TOK, MPOXOAIINI yepe3 NepBUUHYIO KaTylKy (9), HABOAUT yepes
WHAYKTMBHYIO CBfI3b BO BTOPMYHOM KaTylIKe HWHAYKTHUBHOCTH (2) yCWIMTENs TOK
IIPOTUBOIOJIOXKHOIO HAampaBJeHUs, OOecreunBasi HAKOIUICHHE 3HEPrudM MAarHUTHOTO HOJsS B
KaTyIIKaX HWHIYKTUBHOCTU U DHEPIMM 3JIEKTPUYECKOTO TMOJs B KOHAECHCATOpE U BO30YKICHHE
KoJsie0aTenbHOTo Mpolecca B KojaedaTeabHOM KOHTYpe ycunutens. [Ipu paspsiBe 1nenu B mporecce
KOMMYTAIM{ CeKIIMH 0OMOTKH SIKOPS B TIepBUYHOM Katymike (9) Bo3Hukaetr J{C caMOMHIYKIMU U
UMIIYJIbC HaNpsDKEHUsl, MHOTOKPATHO MPEBBIIAONIMN HANpsDKEHUE UCTOYHMKA MUTAHMS, KaK 3TO
OMMCAHO JUIS DJJIEKTPOIIPUBOAOB MAJIOM W CPENHEW MOIMHOCTH. MHOIOKpPAaTHO YCHIJICHHBIN
MarHuTHBIA MOTOK BO30Y’KJaeT BO BTOPUYHOI KaTyLIKe TOK MPOTHUBOIOJIOKHOTO HAIpaBlICHUS,
KOTOpBI oOecreyrBaeT MaKCHUMaJbHYIO aMIUIMTYJy KoyieOaHUIl B KOHTYpe M pas3psii KaTyIIKH
UHAYKTUBHOCTH uepe3 auoj. TakuMm oOpa3oM, B Lenu BTOPUYHOM KaTymKu (2) ycwinTens
MIPOUCXOJAT BCE TE€ K€ MPOLECCHl, YTO W OMHUCaHHbIE A Gur.3, ¢ TOM JIMIIb pa3HULEH, YTO
UMIIYJIbChI TO/3aPSDKAIOLIET0 TOKAa W HANpPSDKEHUs! MOCBUIAIOTCS B HMCTOYHMK TUTaHWUA W/WIN
MOAINUTHIBAIOT 3JEKTPOABUTATENb YEPe3 MHAYKTUBHYIO (MarHUTHYIO) CBSI3b MEXKIy NMEPBUYHON U
BTOPUYHON KaTyIIKaMH UHIYKTUBHOCTH.

[IpumeHeHne ycuauTellss MarHMTHOTO IOTOKAa, COTJIaCHO HW300peTeHHI0, B CHUCTEMax
JIEKTPOIPUBOIOB IIOCTOSIHHOI'O TOKA MO3BOJISIET:

- YMEHBIIUTH MyCKOBBIE TOKH IPU BCEX BUAAX NEPEKIIOUEHUHN PEKUMOB pabOThI ABUraTeNs
HE MEHEE YeM B 2 pasa,

- JINKBUUPOBATDH YTy U YMEHBIIUTh UCKPEHUE Ha MaHTOrpade, Ha KOJUIEKTOpE ABUraTes,
Ha KOHTAaKTHBIX I'PYyMNIax U YMEHbIINTh TEIUIOBbIE IOoTepH B 1,5 pasa u Oonee,

- YBEJIMYHUTh MOIIHOCTh JIEKTPOJBUraTelsi 6e3 JOMOJHUTEIBHOTO PacXo/1a SHEPTHH 3a CUeT
JUKBHUIAIMH TEIUIOBBIX U IpYTuX nmorepb Ha 15-20% u Goiee,

- YBEJIMYHUTH pecypc paboThl AJIEKTPOABUraTeNs U KOHTAKTHBIX TPYII HE MeHee yeM B 1,5-2
pa3sa,

- yBennuuth KIIJ[ mcronb3oBaHus 31EKTpPO’HEPrMM HMcTOYHMKA nutaHus Ha 30-50% wu
Oouee.

PaboTa ycunurens MarHUTHOTO MOTOKAa B CHUCTEME MUMITYJILCHOTO TpaHc(opMaTopa COCTOUT
B HIkecneayroriem (¢ur.10).

[Ipy moakiOYEeHMHM K  HMCTOYHHMKY  MUTaHMS  HMMIIYJBCHOTO  TpaHchopmaTopa,
MOJIEPHU3UPOBAHHOTO B COOTBETCTBUU C BBIIMICONMCAHHBIMU YCJIOBUSIMH KOHCTPYHPOBAHUS
YCWINTENSI MarHUTHOTO IIOTOKA, YEepe3 €ro IMEPBUYHYI0 KATyIIKy HPOXOASIT HWMITYJIbCHI
HanpsDKEHUs, BO30yKIaroIue KoyieOaTeNnbHbIi MPOoLecC B KOHTYpE YCWINTEIN, IPUYEM 3a CYET
OJIC caMOMHIYKIIMM pa3pbIBa LEMH YHEPTUs K0JIeOaTeIbHOT0 KOHTYpa MHOTOKPATHO YCHIIUBACTCS,
U B LIENU NEPBUYHOM KATYIIKH, U B LIENH BTOPUYHOM KATYIIKA IMPOMCXOJAT BCE BBILICONUCAHHBIE
JUISL CUCTEM DJIEKTPOIIPUBOIOB IOCTOSSHHOTO TOKA IIPOLIECCHI, C TOW JIMIIL PAa3HULIEH, YTO 4acTb
HaKOIJICHHON KoJeOaTeIbHBIM KOHTYPOM 3HEPIUHU pPacXoAyeTcs Ha NHUTAaHUE MOAKIIOYaeMOH BO
BTOPUYHYIO IIeTIb HAarpy3KH, a 4acThb OOpaTHBIM UMITYJIbCOM BO3BpAIIAETCS B UCTOYHHUK IMHUTAHUS,
yTto aaeT nosbimenue KII/, kak 3To onucaHno i 3JIEKTPONPUBOIOB IMTOCTOSSHHOTO TOKA.



®OPMYJIA H3OBPETEHUSA

VYceunurenb MarHUTHOTO TTOTOKA B DJIEKTPOTEXHUUYECKOM yCTPOMCTBE, BBHITIOJTHEHHBIN B BUJIE
K0Je0aTenbHOrO KOHTYpa, COCTOAIIEr0 M3 IIeMH MUTAaHUS OT HCTOYHUKA MEPEeMEHHOTO TOKa,
MapajuieIbHO MOJKIIOUCHHBIX B IIE€Th KATYIIKM WHIYKTUBHOCTH C CEPJACYHUKOM U €MKOCTH, U C
o0Opa3oBaHHeM OOIIEro MarHUTOMPOBO/IA - IPUEMHHUKA/TIPeodpa3oBaTelis yCHUIEHHOTO MarHUTHOTO
MOTOKAa JuIsl oOecreueHus TOJE3HOM Harpy3Kd Ha  3JIEKTPOTEXHUYECKOE  YCTPOMCTBO,
OTJIMYAIOLIMKACA  TE€M, YTO KaTyllka HWHAYKTUBHOCTH HMEET CEepPACYHHK IO  THUIY
TpaHC(HOPMATOPHOTO W OHU BMECTE C €MKOCTBHIO BBIOpAHBI M3 pacueTa YCTAHOBJICHUS B OOIIEM
MarHUTONPOBO/IC BEJIMUMHBI MATHUTHON MHIYKIUH, OJIM3KOM K MpENely ero MoJHOTO MarHUTHOTO
HACBIIICHUS B [MANa30HE HArpy30K OT XOJIOCTOr0 XOJa J0 HOMHUHAJIbHOW MOIIHOCTH
3JEKTPOTEXHUYECKOTO YCTPONCTBA.



