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AHHOTAUM.:.ff 

3Al@TA CBEPXIIPOB0.1I8llll1X 'MATiillTOB, PABOTAIOll.MX B 

PEJmME "3AMOP£miHOro TOKA" 

llpe~CTaBHeH KpaTKHi o6sop ycTpOHCTB ~ aBapMHHOH 3BSKYSUKH . . 

9HeprHH, sanaceHHOA B 06MOTK8X CBepXnpOBO~ MarHHTOB, pa60T8ID-

1IU{X B peJ~U~Me "saMopoxeHHoro TOKa". IIpe.zr;roxeHa HOBasr cxeMa 3amHTli 

c noMOII{:bl) coe,znmeHHJ:DC nocJie~oBaTeJIIdO cBepxnpoBO.ztSilnHX nepeMI:ft!IW :a 

BHKJIIOliSTeJISI. IIpOBe~eHH 3KcnepHMeHTH, pesyJI:&TaTH KOTOpiDC no,Ir;TBepx

~alDT pa6oTocnoco6HOCT:D TaKO:'O ycTpOiiCTBa. llp:a H3MepeHKfiX RCOOJI:&-

30BaH Jia6opaTOpHHii COJieHOH,It C IIJIOTHOCTl>IO TOKa B Ce:KUH.RX 06MOTKR 

(0,8+2,3) .104 A/c~, KPRTR'tleCKHM TOlCOM ,-v I50A, lUI,IJYKinteH B 

UeHTpe 8TH sanace~OH aHeprHeH npH KPHTHlleCKOM TOKe -50~. 

llepeMHt~Ka H BH~~aTeJI:D H3rOTOBJieHH H3 Tpex nap~eJI:&HHX npOBO,Ir;OB . 
~aMeTpOM 0,25 MM C EKnaMH HH06Hit-TETaHa B Me,Ir;Ho-HHKeJieBOii MaTpgne. 

l~ 9BaKYHPOBSHHOi 3HeprHH COCT~eT 50+70% sanaceHHOH B COJie

HOH.Ite. 
~ ' 

PadoTa BHnonaeHa B RadopaTopHH a&COKBX aHeprul OHHM. 



I. BBEJIEHME 

CBepxnpoBO~e MBrHHTHHe CHCTeMI:l (CMC), pa6oTaroiUKe B peDMe 

"saMopo~eHHoro TOKa" (P3T), WBPOKO TipEM9HRIDTCH B ~a6opaTOpHOH 

npaxTHRe /I' 21 H B axcnepDeHTaJI:b::mx noes.nax Ha MarHPITHOH no.n:ym

Ke 131. O~aRo, HeCMOTPH Ha do~~~e .nocTOKHCTBa, TaKHe CMC He 

no.nytmJ.IH paCIIpOCTpaHeHRR: B YCKOpH~~eJI:bHOH TeXHHKe. MarH.HTil ITOCTOSIH-
• I 

HOrO TOKa HCITO~:b3y.DTCH B HaKOUHTeJ~ H RaHaxBX ~ TpaHCITOpTJipOBKZ 

ycKOpeBHHX qacTHU, B ~H3Jiq9CRHX YCTaHOBKBX, HanpHMep, ~eTeKTOpax. 

3Kc~aTanHH CBepxnpoBO~ MarHETOB (CM) B P3T no3BO~T cymecT-
,. 

B9HHO COKpaTHT:b qxc~eHHOCT:b O~C~RBSIDmero nepCOHaJia H y.M9HbillHT:b 

pacxo.n RPHOareHTa, oco6eHHO B c~~ae npHMeHeHHR pas~eMHHX Toxo

BBO.ItOB. KpoMe TOrO, MOlteT 6IiT:b ,nOC'l'HreyTa BiiCORafl CTa6HJJ::bHOCT:b 

Mai'HHTHoro noM, Tax KaK Ha Hee He BJmSIIOT nyJI»canmt HanpJDteimJI 

B a~eKTpJAecxoii ceTH H ycTpoitcTBe rmTamm. 

MewxeHHoe BHe,}Wemte CM3T c:ssrsEHO, noBZ.ItRMOMY, co c~e.IJYIOmm.m 

06CTOHTe~:bCTBSMH. Bo-nepBiiX, He,nocTaToqao OCBOeH HaKO~eHHH~ B 

MHP8 OIIHT; BQ-BTOpl:lX, nepexo,n K 60Jiee KpyriHHM MartmT~ YCKOpHT9JI!:I

HOii TexHHKK Tpe6yeT npoBe,neHHH p~a npoeRTHHX H :a:cc~e.noBaTeJI!:ICKHX 

pa6oT. B CMC ({MsHKH BHCOKHX aHep!'HH npHMeHmOTCH npoBO,lJ;HIDGI, pac

cqxTaHHHe Ha TOKH B H9CRO~!:IKO KH~Orufilep, a 3aDaCeHHaH B 06MOTKaX 

SHeprHH ,noc~KraeT COTSH Mer~oy~eH. Yq:a:THBaH BeC:bMa CTpOrHe 

.ItOIIyCKH Ha CTa6H~:bHOCT:b noJIH, He06XC•,nHMO paspa60T8T!:I KOHCTpyronni 

HHSKOOMHHX H CBepXIIpOBO~ KOHTaKTHHX COe,nHHeHHi IIpOBO~KOB 

6ox»moro ceqeHHH. ~o odecneqzTD desonacx.ym axcnnyaTauHD ,noporo

CTOSDitiDC RPyn:HliX CM H K.PHOCTaTOB. B TexlJHllecxo:a JIHTepaType aTH 

BOnpoCH OCBeJ.QeHH He,nOCTSTO~O H paspt)SHeHHO, noaTOMY He60JWUOit 
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o6sop HMemmaxcn B pacrrop~eHHH aBTopoB HacTonme~ ny6~KaUZH 

MaTepzanoB no BonpocaM SamHTH CMC :~o~eT 6HT:& no~eseH. PaccMOTpHM 

xapaKTepHCTHKH HeKOTOpHX HSBeCTHHX YCTpO~CTB • 

.IJ:OBOJIDHO tiaCTO HCUOJI:&SYJ>TCSI, OC06eHHO ;ri,1I.Si He60JIDII1HX CM, TaR 

HasHBaeMHe BHYTPeHHHe myHTH. Bes~ o<5MOTKB. .ne.mtTCH Ha cero.um, K Krult,I(O~ 

. ', HS KOTOpHX npHCOe,ItHHeH myHT, HaxO,ItHiaH:acn BHYTPH ltpHOCTaTa, B napax 

renHH. llpH nepexo,ne 06MOTKH B HOp~~:&HOe COCTOHHHe tiaCT:& SHeprHH 

Bl:I,IteJISieTCH B myHTax, UOSTOMY TeMIIepaTypH H HanpSDiteHRR: B 06MOTKe 

cymeCTBeHHO UOHKESDTCH. HHor,na myH1H CHa6EaDTCH Me~eHHo,ne~CTByiD

mKMH MeXSHKqeCKHMH BH~lJaTe~. Fa~tieT TeMnepaTyp B 06MOTKe H 

BH60p OUTHMBJI:&HOrO l!HC~ myHTOB BHDOJIHeH .IJ:.~.ATepTOHOM / 4/, KOTQ

pHft Taxae yxasan Ha c~e.nymmHe He,nocTaTKH TaKoro MeTo.na samzTu: 

I. 3anaceHHasr aaepr:w~ BH.neJIR:eT :}H BHYTPH KpHoremw~ cHcTe:Mll, 

liTO TepMO~l!eCKH MeHee BHrO~O, tieM 8BaltY8UHH SHeprRH Ha 

aapymme myHTH. 

2. ffiyuTH yxy,IUIIBIOT SaPJI.nH!le xapa.KTepHCTHKH Mal'HHTOB, TaK K8.K 

OrpaiDiqxaaDT CKOpOCT:& BBO,na TOKa, BHSHBaiOT UOJIBJieime ,nono.mmTeJID-

Hlli TOKOB, ItOTOpHe YJ3eJmlmBaDT UOTepH B 06MOTKe H BpeMeHHO UOim

JtaiOT O,IOlOpO,nHOCT:& MB.I'HHTHOrO UOJUI. 0TIUD.OtieHHe myHTOB BO BpeMSI 

SanHTKH MBrHHTa C ITOMOm~ BHYTPeHHEJ: BHIUilOtiaTeJieH ycTpaHHeT 3TH 

He,ItOCTaTKH, HO yc~o~eT KOHCTJ)yruum: • KpoMe TOrO, Tpe6yeTCH 

ycTpOHCTBO SamRTR C BHemHHM myHTOM, .neHCTBymmee ,no SaMHKaHHH 

BayTpeHHHX Bl:IIUD.OqaTeJie~. 

3. Orpamrqe~me o6~cTH npHMeHeHWI c.ny-qSJIMH, xor.na .nax.e npH 

HepaBHOMepaoM paonpe,neJieHHH aHeprRH ao o6MOTKe ee TeMnepaTYPa 

· HH B O.ItHOit T01Ut6 He npeBHDiaeT ,nonyOT'.!NfYD. 
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,llo6aBHM K STOMY nepeqmo HH3Icyl) scixi>eKTHBHOCTJ.> SB8KYB.IUiH 

3Hepr.KH K3 CaMOH 06MOTKH, He06X0~10CTJ.> B 60~DWOM KO~eCTBe 

BHBO~OB K3 06MOTKH Ha myHTU, OOT~UffiHOe KO~eCTBO KOTOpHX 

Bec:oMa Be~xo (~ecJITKH, B npHMepe, npee~eHiioM B I 41) • 
TaKHM ocSpasoM, rrp.HMenemre BHY'l'pe:mmx myHTOB ·ne JIBJISieTCJI JIY<I

mHM pemeHHeM npocS~eMH aBapKiHO! SaiDMTH CBepxnpOBO~ MarHKTHUX 

CHCTeM. 

B p~e ~yrzx ycTpolcTB SamHTU CM3T xcno~soBaHH x.tsBeCTHUe 

MeTO.IJJ:l aBaxyaurur aHeprm~. HanpHMep, B axcnepoeHTMJ.>HOM noes~e 

Ha MarHHTHOI no~xe /S/ MarHHT (0,5 KA; O,I2 MnE) cHacSzeH Mexa

HHqeCKHM RnD~OM C KOHTaKTHHM conpoT;~eHHeM I0-6 OM, ocSecne~aro
~ pacSoTy B P3T, X BTopgqno~ aniDMmiHeBOH C6MOTKOI, KOHUH KOTopol 

no~~eHH K BnyTpeHHeMY myHTy. BTO]>OH Rnm~ X BHeWHRn mYHT o6ecne

qHBaiDT SamHTY B nepxo~ sap~ MannrTa. OT~Te~HOH oco6eHHocTDID 

3TOrO ycTpO!CTBa JIBJIJieTC.R: y~a~oe pacno~oJteJme BTOpWUiOH 06MOTKH -

oHa no~ocTJ.>D oXBaTHBaeT cBepxnpoBo)~, ocSecne~Ban xopomyro 

Ma.I'HKTHYJ> CBSI3l> H, CJie,lJ;OBaTeJIDHO, BJ:l:COicyiO acixi>eKTHBHOCTJ.> 3BaKYa.qiDI 

3HeprHH. 0,TJ;aaKO He B JIID6ol MarHKTHO~ CHCTeMe STO y,TJ;aeTC.fi C,lJ;e~aTJ.>. 

KpoMe TOro~ H~e ~yx Knro~eH H myHTOB yC~OXHJieT ycTpOHCTBO. 

3amHTa CM3T ( 0, I2 KA; 0, I4 M.mK) KaJisMCKOH JiacSopaTopHH 

. ( A.HrJmJI) ocymecTBJieHa c nOMOU{:biO cBepx:rrpoBo~ero KJ.OO~a ( 200 OM) 

H BHemHero pasp~oro conpoTHBJieHHJI (3,3 OM) (cM./6/, c.537-542). 

BTopoi, MeXSHKqeCKHi RHD~ TaKEe, RaK H B npe~eM YCTPOHC~Be, 

ocSecne~aeT oTcoe~eHHe HCTO~ :~~eKTPODHTaHHJI, ecJIH Heo6xo

~ocTJ.> 8BaKY8UKH BO~HHKaeT B nepHO~ BBO~ (HJIH BHBO~a) TOKa B 

Mai'HliT. 

• ·, . 
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llo,Iwo,IVI HTOr BW.UeCKa3aHHOMY onpe,neJIHM Tpe60Bamrsi, KOTOpHM ., 
.no~o OTBe~aTh ycTpoAcTBo samzT~ CMC ST. 

YcTpoftcTBO 3amRTH ~o~o o6ecne~HBaTh aBBKYauRID sarraceHHO~ 

B MarHHTe 3Heprmr K8x npH BBO,Ite (.r~ BHBq,l4e) TO:Ka, Ta:K H B P3T. 

]lJrH. 3TOro He06XO,nHMO C06JIIO.It8Th CJI~~.IJ.YTOIUHe YCJIOIDUI. Bo-nepBHX, 

TPB.nHintOHHM cnepxnpono~rut rrepe1nwma (CIT) .n;oJDKHa 6HTh saMeHeHa 

CBepxnpoBO~ BHKRID~aTeJieM (CB), kMeiDIUHM ,ItOCTaTO~HO 60JihmOe 

COnpOTHBHeHHe B 'HOPMaXbHOM COCTORlrnM H ynpaBJieHHe, KOTOpoe o6e~ne

~BaeT nepeXO,It BHKnro~aT~ ~ HOpME~HOe COCTORHRe (B Te~eHHe 

H8CKO~KHX ~Ce~) CO OKOpOOTDID, COOTBeTCTBymme~ Tpe60BaHRHM 

.naHHoro c~aa. Bo-BTOpHX, aJieKTPHqecKaH cxeMa .no~Ha 6HTh nocTpOe

Ha TaR, 1iT06H ycTpO~CTBO ImTamui M:u'lmTa He npeilJlTCTBOBa.JIO 3Ba.KYa

Inm aHepnm. llocJie.n;Hee ycJioBHe Jier:r<o BHDOJIHSieTc.a:, xor.na Ma.rHHT 

yze Haxo.ItHTc.a: B PST. }J,1m aToro Ha ~~oxonu:x: nno.nax ycTa.Ha.BJIKBaroT 

pas'DeMBHe KOHTa.KTil, a B HeKOTOpliX GMC BepXmoiD ~aCTh TOKOBBO.noB 

nocJie ·sap~a MarHHTa noo6me B~mT H3 xpRocTaTa /7/. CxeMe 
' . 

3JI8KTpODHTaHHR H 3amKTH B TaKOM C~liae MOXeT 6HTh BHDO~eHa TaK, 

KaK IIOK838.HO Ha pzc. Ia. 0,ItHaKO Ha.H60JWIIaff OTiaCHOCT:b nepexo,na 

MarHHTQ B HOPMSXbHOe COCTORHHe B03H~aeT npH BBO,Ite B Hero TOKa, 

TaR K8lt IDIOr,Ita He H3B€CTHO COCTOS!IDit3 CHCTeMU DpH nepBOM nycKe, 

nocJie npe.IOi.IJYII{eit ammyar.nm aHeprmt Jtm! nepepHBa B pa6oTe. Ha 

nepBID1: B3rJIH.,U;, npOCTOe pemeH.He 38.IUllt>liaeTC.fi B YCTaHOBKe ,140DOJIHH-. 

_TeJlbHoro CB noc.iie~oBaTenHo c HCTOliHHKOM DHTa.HRSl (pHc.I6). Ho 

Dpll O,llHHaKOBOi C BapHa.HTOM "a" a®>EHtTRBHOCTH SBa.KYaiUm B 3TOM 

cny-qae ~ xsroToBJieHHH o6omx CB Tpe6yeTCR B 4 pasa 6o~e 

cBepxnpono~ero MaTepxana. K TOMY xe Ha.IteaHOCT» GMC npx xcnoJib

soBSHHH ~yx O.n;HOBpeMeHRO cpaOaTHBaD~ KOMMfT8TOpOB IIOHKEaeTCH. 
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3aMeHa CB B uena HCTO~a DHTaHHff KOMMYTaTOpOM ~yroro po~ He 

y~aeT nono~eHHH. 
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PHo.I. Cx~Ma nHTaHHH H 3amHTH cBepxapoBo~ MarHHTOB c o~ 

(a) H ~YMfi (B) CBepxnpOBOMrtHMII BHRJIIO'tiaTeJ.UIMH. 

I - BHKRD~aTe~; 2 - MarHHT; 3 - ycTpoHCTBO a~eKTponaTaHRR; 

4 - 3amKTHoe conpoT~e~me; !5 - HarpeBaTe.)r:& CB ,lT,JJJI BBo~a 

TO:Ka B Mai'ImT; 6 - HMIIYJI:Dcmdt HarpeBaTeJ.U) CB; 7 - .n;aTtmK 

nepexo~a MarHHTa B HOpManbHOEl COCTORHHe; 8 - O~OK ynpaB

~eHHS CB; 9 - TOKOBBO~; (nyi.~TmpHOA ~el 0603Ha~eH 

ICpHOCTaT). 

8 
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II. CXEMA 3All.MTEl CO eBEPXIIPOBO,ll/IllMM!1 IlliPEMLJtlKOt1 M 

l1 BliKJliOl!ATFJIEM 

B KpRoreHHOM oT,neJie OWIH rrpe,n.r.:o}KeHa H ocymecTBJieHa cxeMa . 

SamHTH, JIHWeHHan nepe~cJieHHHX He.nocTaTKOB.- P3T cos~eTcH c 

IIOMOII{:&D CIT lii CB, R8J!t.ItB.fi H3 KOTOpHX OCHBmeHa OT,D,;eJI:&HHM ynpaBJieiDieM. 

Be~a COnpOTHBHeHRH CIT OTHOCRTeJI:&HO HeBenHKa lii BHOpaHa H9 YCJIO

BHH 3anHTKK MarHRTa, COnpOTKBneHKe JB onpe,nenneTCH p~MOM SBaKYa

Ium aHeprHH. Ha plilc .2 ( TOJICTHe .mnm:a) :rrpe,n;cTaBJieHa np:mmmm:BJI:&Ha.a: 

CXeMa TB.KOrO ycrpo:ttcT~. K KOHD;aM Q1jMOTIGf MarHHTS. I nocJie,D,;OBaTeJID

HO rro.ncoe,D,;HHeHH eB (nos.2) Herr (no:3.3), a TaKEe SamHTHoe corrpo

Tlm7IeHJie 4, HanpHMep, JIHHeillioe HJIH neJIHHefffioe aKTHBHOe conpoTHB

JieHHe. K KOIUJ;aM err IIO,IUtJIIO'tleHO ycTpOiiCTBO IIHTaHHJI 5. Ha TOKOBHX 

BBO,II;ax 6 MOryr OHT'& YCTaHOBJieHH paS'l)eMHHe KOHTaKTH, II03BOJISIIOIIU1ei 

npepHBaT]) TeiiJIQnpHTOK no BBO.IJ;aM. Y'ti~LCTOK IIpOBO,IUmKa MeJIUIY Crr H 

eB ,noJDiteH oOJia,II;aT:& rroJIHoi KPHOCTaTE'l::ecKoH' cTaOHJIHSaiU!eii, liTOOH 

npH HarpeBe err B peJKHMe 3a.IIHTKH CB E e nepeXO,IJ;HJI B HOpMM:&HO.e .. 
COCTORHHe. TaKKM oOpasoM, CB KaK npE HSMeHeHKRX TOKa (BBO,II; H 

BHBO.IJ;), TaK H B P3T H8XO.IJ;HTCH B CBepxnpoBo~eM COCTORHHH. rrepeBO,II; 
. 

ero B HOpMa.JlbHOe COCTOHHHe C IIOMOII{:&ID, HanpHMep, HMI!YJibCHOro Har-

peBaTe~ ocymeCTBJIHeTCH aBTOMaTxqecK~ B JIIDOOH MOMeHT no CHrHMaM 

pasJllii'IiHilX ,II;aT't{KKOB, B TOM 'tJHCJie .IJ;aT'tl:iiKa, perHCTPXI'YIOIItero noHBJie

Hliie HOpMaJI:&HOA' 30HH B OOMOTKe MarHHTil. Taroite B03M01Wa aBTOMaTK

'tleCKBJi SBmtyB.UKf! npH nepexo.ne CIT B HOpMaJibHOe COCTOmme B P3T. 

,Umi STOrO HanpmteJme HQ ltOHr(BX CIT ,II;O~DltHO npeBHCHT:& MaKCHMaJ!l>HOe 

HanpJDteHHe JipH 8amiTite • 
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PHo.2. CxeMa rmTaHIDI H 3amHTH cBepxupoBo,nmnero ManmTa co cBepx

npoBo~ nepeMHqKo~ H BH}UOO~aTe~eM. I - MarHHT; 

2 - BHit1IIO~aTeJID; 3 - rrepeMWn:a; 4 - 3a.IIU!THOe COIIpOTHBJieime; 

5 - ycTpO~CTBO a~eKTPOIIRT~t; 6 - TOKOBBO~; 7 - 6~0K 

mi,li;HKB.lUm HopMBJI:&Horo cocTomltf.l: Ma.I'HHTa; 8 - 6JioK ynpaB

~eHHH CB; 9 - oc~orp~. (LYHKTHPHOH JIHHHeH o6osHa~eH 

Iq>HOCTaT, YTOJlllteHHHMH - lllUIHDRIIHaJI:&Haa: ~acT:& ex eMil). 

KaK BH,ItHo H3 BIDIIeCKa3a.HHoro, B orm:cH:aaeMOH cxeMe pas.D;eJieHbl 
/I. 

nyTH IIHTSHHH H 3BaKYanHR 3HeprHH. Enaro.D;apH_3TOMY o6ecne~BaeTCH 

B03MOZHOCT:& BHBe,IJ;eHKa 3HeprKH H3 MarHHTa B JIID60H MOMeHT pa60TH. 

QqeB~~. ~TO BH60p THIIa CB onpe~eJIH9TCH B 3Ha~Te~HOH CTeneHH 

ROHCTpYKUHei MarHHTa H Iq>HOCTaTa. B ;iaCTORmee BpeMH TeXHKKa 

COS;J:taB}IS CB ,D;OCTHrJia BiiCOKOrO ypOBHJI, liTO IIpOH30IUJIO, B OCHOBHOM, 
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6~aro~apH paspa6oTxe _n~THBHHX HaKonnTe~eH 9HeprKH. 06MoTr~ CB 

HSrOTaBHHBaDT K3 ~eHTO~ H MHOrO~KHDHHX ITpOBO~KOB. B llOC~e~

HeM anyqae XHRR MOryT 6HTD 3axnD~eH~ B SIIOKC~ KOMTI~ / 8/ 

HJDI Me,ItHo-mmeJieBYD MaTPmJY 191. BalKHHM maroM B paaBRTnn CB 6&JIO 

HCIIOJl))SOBa.HHe BHOOd-THTB.HOBHX «J>oJI:&r CO CBepxnpOBO.D;RlltiDrm axpa-
1~/ 

HaMH /IO/, u 6e3 Hux. 
1 . . 

ill. CTEH.II 1Uiff HCiillTAHIDI CHCTEMhl 3JIEKTPOirnT.AHHff H 3.AIIlVITl-J 

.lJ,1Isi npoBepKH paccMaTpHBaeMOi! c:ce~ aJieKTpOimTa.HH.f.l: H 3antHTI:l 

HCIIOJI:&SOBBHa CMC, cos~rumaH B KpHoreHHOM oT.ne~e OMffiii /II/ H 

CO)lepJlalltaJI COJieHOH)l C BHCOKOA O,D;HOpO)lHOCT:DD IIOJIH ( CM. pliiC. 3) • 

PHc.3. Ce~eHije co~eHo~a, 

nepe~~ n au~~aTeJIH. 

I - xapxac co~eHo~a; 

2 - ceitin~OHHpOBaHHaH 

OOMOTKa; 3 - IIepeM&qKa; 

4 - B&KJIIOliaTeJID. 
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OcHOBHiie napaMeTpll Y3JIOB CTeima rrp>IBe.n;eHH B Ta6mru;e. C;re.n;yeT 

OTMeTHTh, ~TO COJieHO~ HMeeT p~ Bru~HHX OC06eHHOCTeH. Bo-nepBUX, 

npH ero aKcnJiyaTauHH Tpe6yeTCH aBTOMaTH3llpOBa.HHM CHCTeMa 

3BaKya.r.nm aHepr~, TaR KaK Iq>HTKtleCl~H TOK B 3aBHCliMOCTH OT CKO

pOCTH BBO.n;a TOKa KOJie6JieTCSI B rrpe.n;e.nax I30+I50A, H IIpH IIOIThlTKe 

,Il;OCTHrizyTh MaKCHMaJI:&HOif ~ COJ.:eHOH,II; llaCTO nepeXO.n;HT B HOpMaJI:&-. . . 

HOe COCTORHHe. Bo-BTOpHX, B 06MOTKe CYm9CTByeT He o,naa, KaK 061l11HO, 

a HeCKOJihKO 30H c· COCTOSIHHeM, 6JIK3KHM K Iq>HTKqeCKOMY. oTO 06~CHSieT

CSI MeTO~OM KOHCTpyxpOBaHRSI, OOecne~Baro~ KOMnJieKCHy.ID OIITRMH3anHD 

pa3MepoB COJieHOH.n;a. ITpH H3rOTOBJieHKH COJieHOH,IJ;a HCIIOJih30BaHa pa3-

paOOTaHHaSI B KpxoreHHoM oT.n;e~e OMHH .III/ nporpaMMa pac~eTa Ha 3BM 

OIITHMaJII:>HHX pa3MepOB CeKilHOHRPOBa.HHOJ! OOMOTim COJieHOH,IUl C O.n;HO

pO.n;aHM MarHHTHHM IIOJieM. 

3arpyxeH:He CBepXrrpOBO,IUmKOB B o~·.n;eJihHWC OeKIUUIX, TO eOT:& 

OTHOmeHHe Iq)HTKlleCKOro TOKa ceKUUI'I ~: KPHTHlieCKOMY TO Icy' Ma~Hura, 

JiexHT .B OOJiaCTH 7I, 5+!00% np:H pac~eTil OM lq)HTKqeCKOM TOKe COJieHOH.n;a 

I
0
M = I55A. PanHOHaJihHOe ceKUHOHHpOBaHHe o6MOTKH H no.n;oop ce~eHHfi 

OBepXIlpOBO~KOB II03BOJIHeT ~OOHT:&CSI 3Ha~TeJI:&HO~ 3KOHOMRR OBepx-
• 

IlpOBO.n;nHKa, IIO CpaBHeHHID C ero paCXO,Il;OM B COJieHO~ C IIOOTOSIHHOH 

WIOTHOCT:DIO TOKa BO BCeM OO'DeMe OOMOTK[. Ta.Ka.SI OIITKMH3a.IliD1 SIBJI.R:eTCSI 

neponeKTHBHOA H H3~eHHe IIOBe~eHRSI no.~OOHllX OOMOTOK IIpH 3BaKYauHH 

aHeprKH npe~cTaBJIHeTcSI HaM noJie3HHM. 

B-TpeT:&HX I MeJKCJIOeBaSI H30J.tfiiUU1 ( :~ CJIOSI JlaBOaHOBO~ IIJieHKH 

TO~O~ IIO 20 MKM ·~:fi).npH K3rOTOlmeHHH npoBepRJiaO:& Harrp~e-. . 

HHeM I KB, x npHH.R:To pemeoe BecTH aBaityau;mo npx Haiipmitemm, He 

npeBHliiaDQeM 0,5 ItB. 
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err H CB H3rOTOBJieHH H3 3 napaJIJI,3JI:bHHX CBepxrrpoBO.IUlliKOB 

NIOMAX CN 25 ~liJ>MI:l IMI (.AHrJIH.fi) (cM.Ta6mmy), KOTopue yJioJKeHH B 

KQREUO H3 TeKCTOJIHTa, HSXO~ ecH Ha HapYEHO~ IIOBepXHOCTH COJieHOH~a 

B ero cpe,nHHHO:f:i ropH30HTM:&HOit IIJIOCKOCTH (CM.pHc.3). 

llpo:aepeH TeiiJioBoii crroco6 ynpa:a.neim.R: CB • IIpi!mnuma.n:&HaH 

aJieKTpJ£qecKBJI cxeMa cTeH.na rroKasa.Ha Ira pnc. 2. Ha..-,>e:aaTeJI:&HHH 

aJieMeHT CB H3roToBJieH HS ~JI:&r~ To.~:H<;>it O,I ~. Ma.TepHaJI cTaJI:& 

XI8HIOT. IIpoBOJIOKa CB yJioxeHa 6H~Ho :a ~a CJIOH, Harpe:aaTeJI:& 

oXBaTH:aaeT CB cHapyxH. Harpe:aaTeJI:&HRM HMJIYJI:&COM HBRHeTcH Ko~eH

caTopHHi pas~, ~H ~epe3 TRPHCTOp, KOTOpU~ ynpaBJIHeTCH HJIH 

:apyqHyJO wm BHXO,lUibiM cirHa.n:OM ycTpoiicr:aa IDI,ItKitainm. IlocJie,lUlee cpa-

6aTI::lBaeT, KOr~ Be.mr«mHa H .n;JIHTeJII,HOC'r:& ~ei:iCTBIDl pe3HCTHBHOrO 

HanpsateHHH :a MarHHTe rrpeBl:liiiaroT mipe~e.rreHime nopor:a. B .naHHIDC aKcne-
u 

pHMeHTax 3TH noporH 6HJm Bl:l6pruw: B ,IUianaseHe OT 50 ~0 I00 Ml3 OT 

I ,no IO MC. ]J,ru:r HH,IUiKanHH pe3HCTHBHOro HanpEiteHIDI HCIIOJI:&30BaHa 

* 
MOCTOBaH CXeMa C BJJIBO~OM cpe~ei:i TO~£ MarHHTa. YcTpOHCTBO ~-

RafQ.m paspa6oTa:a:o B 8H CAH ( BpaTHcJia.Ba, ttCCP) H npoHSBO.IJ.HTCJI 

BpaTHCJiaBCKHM aJieKTpoTeXIDI~ecrum sa:ao,I;oM, HeKOTopue c:ae.nemm o6 

3TOM IIpH6ope co,nePJKaTCH B /I2/ • 
• 

Ilepexo~ Mai'HHTa B HOpMaJI:&HOe COCiOHHKe HHmU[ffpyeTCH .nB~ 

CIIOC06aMH: llpeBHilleHHeM KpHT~eCKOrO TOKa EJIH HarpeBOM 06MOTKH. 

HarpeBaT~:& HaMOTaH KaK ,IJ;OIIOJIHHTeJI:&HHH CJIOH BO BayTpeHHeft KoppeK

Tupymmeii ceKUKH coJieHoH,na. 

Ha cBeTo~eBoM oc~orp~e K II5 :so BpeMH aBaK,yauRH H3Me

pH.7IHc:& cJie,IJ,ylOIItHe BeJIHllliHH: HarrpEiteiiiDI :1a BHit7IlO~aTeJie, rrepeMWII<e, 

,naT1Dilte XoJIJia, paCIIOJIOJiteHHOM B lleH~pe Mai'IDITa, TOK tiepes SamHTHOe 

COnpOTHBJieHKe, HanpsDlt6HWI MOCTa H Hai'pOBaTeJIJI B 06MOTKe Mai'HHTa. 

*no3AHee U.3aomol>.neHa u ucno.llb308(J.Ha cxeMd. c 8cnOM02CI..-
meflbHOU ~<amyt.UkoU ( c:.M. crnp. 16). 

' ' 
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4. PE3YJibTATil 3KGIIEPI1MEHTOB M HX OIDYJl01EHk!E 

4. I. CBepxrrpoBo.wnqa.a nepewlffia. •. 

3anHOH ~eHHH HanpHXeHHH Ha RCHUSX CIT, ROTOpHe B8~D BO 

BpeMR: BOeX SR~nepHMeHTOB no SBS.RYBIUJH, nOKa3amt, liTO nepeMUl!Ka 

OOTaeTCH B OBepxnpOBO~eM OOOTORHHH B ~60M H3 OO~eOT~eHHHX 

PeEHMOB (oM.pHo.4) 

~ r-.t--
1 

... 
~ 

3-.. :,... 

_It K ,~ r-
5 ~ 1\ 

61/ ~ 

I' 

4 .... ~ .... 
r J-..t--
3 

I I! 
I i 

I 

.... ~ ... ~ r-
1.5 t[c) 

! I ... r- ....... 
--~ 

0,5 1 0,5 1,0 1,5 t[c] 

A c 

PHc.4. KoiiPIH oormJIJiorpaMM B aRonepHMeHTax no aBaxya.nmr. ~=5,3 OM. 

A - o BKJIIOlieiDieM HarpeBaTeJJJI n o6MOTRe, ~0=I20A; B - 6e3 

B~llemUI HarpeBaTeJJJI, IMo= I~!OA; C - 6e3 BRJllOll8HIDI Bar

peBaTemr, · IM0= BOA. 
I- TOR liepe3 3amHTHQe oonp~TP.~eHHe (MaOWTa6u:(A,B,C-

- 7,8 A/MM); 2 - Ha.npsDiteime Ha nepeMI:i:-<me(A,B - 4,5 B/MM); 3 -
HanpsiJleHHe Ha BHRJII)llaTeJie (A,E,C - I9,8 B/MM); 4 - HanpJDKe

HHe Ha"Moo~e",(A- II,8 B/MM, B,C- 4,65 B/.~~;5- HanpREe
HHe HarpeBaTeJIJI (A - 5 B/MM); 6 - TOR MB.I'HHTa (A,B,C -

5,5 A/MM). 
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Ta.RHM o6p8.30M .I(0Ka.38.HO, liTO HOpMaJI:OHai SORa, B03ID!Kal0~8JI B eB KJIH 

eM, He pacnpocTpaHReTCJI B err. He60JibU.tilR: CTyneH:OKa Ha OCIWJIJIOrpaMMe 

B MOMeHT Haqana aBaKYanHH noHBXHeTca llpK TOKaX, npeBHmammax IOOA, 

H BeJIHtmHax: SantHTHoro conpoTHBJie:HlUI 6oJiffitmc 2 OM •. MaxcHMaJI:OHoe 

COIIpOTHBJieHHe err B 3THX C.nytla.RX COCTaBJIJieT IIpHMepHO IO MOM, TO eCT:O 

nop~ I% HOMHHaJIDHOrO COIIpOTKBJieHRH nepeMRqKK. TaxaJI pe3KCTKB

HOCT:O CIT He OKa3HBaeT SaMeTHoro·~~·Ha npo~eCC 3BaK,Y~. 

4 • 2. eBepxnpoBo,1.VIJlld BHKJIIOqaTeJI:o •• 

lf. 2. { 3Hep2Ufl. YnPd&.lleHUR ~ 15 ,/..:)1<. 
eKopoCT:O nepexo~ BHRnmqaTe~ B EOpMaJibHOe COCTOJIHHe .I(OCTa-

TOqHO B~JIHKa, OC06eHHO DpH HaqaJIDHOM TOKe MarHKTa IMO' 6JIH3KOM 

K KPHTKqeCKOMY 3HalleHRD IMC - B nocJie~HeM CJiyqae MeHee I MC 

( CM.pHC. 5). 0,IUirutO Ba 3THM CKal!KOM CJieDyeT 6oJiee Me,IVleli!IHi poeT 

COIIpOTKBJieHHH, M8KC~HOe 3HaqeHHe KOTOporo .I(OCTHraeTCJI qepes 

uecKOJIDKO .n;eCJI'l'HX ceieyH.IJ;fl! ( pHc. 6) • Bpe;WI nepei\JIIOllemtsi f 't ( f 'l -

BpeMR: C HaqaJia Hai'p~Ba.TeJIDHOrO .HMIIYJIDCt:l. .I(O .I(OCTIDiteHHH 90% KOHett-

HOrO SHaqeHWI Usw , I J - :3peMJI c HallaJia Harpe:aaTeJIDHoro HMIJYJilr:-

ca ~o HaqaJia pocTa conpoT~eHHH Rsw ) K MaKcKMaJI:oHoe conpoTKBJie

HHe :mm.moqare~ R sw cJmiDKcM cHJI:oao aa:aHC.R:T oT BH6pa.HHHX BeJIH

liHH 38.1QHTHOrO COnPOTHBJieHIDI ~ P K Ha~nlJil)HOrO TOKa ~lO (pHC. 6) • 

KpoMe Toro, 1<sw He .n;ocTHraer,r Ma.KCKMa.JrDHoro conpoTHBJieHRSI eB, 

pa:aHoro 43 OM, a npH MaJlHX RP cocTaBJrReT Jmiii:o ero HesHal:IRTeJID

HYJO qacT:O. 3To CBK.I(eTeJIDCTByeT 0 He.I(OC'l'aTOliHOM BOS.I(eitCTBHH TeiiJI(}-. 

BOro ynpa:BJieHPI.fl Ha 06MOTKj eB. HarpeBS.TeJID TOJI:OKO BHB4ID1PYeT 

nepexo.n; Ha cpa:aHKTeJI:OHO He6oJWUoi! ,IJ;JmHe, ,ltaJIDHe:f1:I:Imi poeT ~sw 

38BKCHT OT CKPOCTH pacnpOCTpaHeHHH HOpManbHOft 06JiaCTH. ilOCJie~, 

B cBOD o-qepeJU» onpe.n;eMeTca: IM0 H Ta.KEe R P , Tax KaK TOK .n;eJmTCJI 
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PHc. 5. 3a.BKCHMOCTH BpeMeim sarras,IJ;Emrumsr t d. H BpeMeim nepeRJIIO

'tieHIDI t 7. BI:mJIIO't!aTe.IDI OT Ha'ti~>HOrO TOKa IMO B MarHE:Te 
l 

IIpR UOCTORHHOM 3a.I.nHTHOM COIIpO~~HBJ.Iemm: ~=5, 3 OM (A) H OT 

BeJm't!HHbi 3~T~OrO COIIpOTHBJiemm: R_p IIpR UdCTOHHHOM: 3Ha

'tieHKZ IM
0
=I20 A (B). B o6oKX c~asrx aHeprHH ynp~e

mm ~ IS ,1T,lK • 

l- : Rp=5,30.. 

? .L 
6 l ~ ! ~ ~ l 
~ 

. 
I 

' "' "' __;...-· 
• 

o.z 0.~ 0,6 0,8 1,0 1,2 f.'i 
t:,c 

8 

P:k!c. 6. PoeT conpoTHBJieHE:H BHKJIIO'tiaTeJI.a: BO BpeMeim nocJie no.n;a'tiK 

ynp~mero HMIT.YJIDCa npn: A - Ha'ti~HOM TOKe MarHHTa 

IM0=I20 An pas~ 3amHTHHX conpoTHBJie~ ~-

(I- O,I4; 2- 0,5; 3- I,4; 4- 2,7; 5- 3,5; 6- 4,0; 

7 - 5, 3 Orvr); B - npn pa3.7IlfC1HWC sHa'tieHHRX IM0 ( 0 - 90A; 

+ - IOOA; * - IIOA; • - I20A; L~ - I30A) H nocTOHHHOll 

. Be.mrcmne ~ = 5, 3 OM. B o6omc c.Jzy'tiamc aHeprw:r ynpa.B.7lemm: 

~ I5 JT)K. 
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Me.r?JIY B1IIWIIOtraTeJieM rr 3aii(liTHhiM cor:poTHBJieHHeM. CJia6ocT:b HarpeBa 

CB.ff3a.Ha C MaJIOM aHeprne.fi KOH,ll;eHCc.TOPH9H c5aTapeu H C pa3MeiUeHHeM 

HarpeBaTeJIR TOJI:bKO Ha BHernHeM H3 ~yx CJIOeB OOMOTKH. 0c5a STH 

He,IJ;OCTaTKa He .ffBJI.mOTC.fi IIpiUIT.J;HIDiaJI:OH1IMM H B ,IJ;aJI:bHe:tlilleM MOryrr 01IT:b 

ycTpaHeHLr. CJie;rryeT TaiOL\e OTMeTHT:b, T.ITO cooTHOIIIemre Rswl~ H, 

cJie.n;oBaTeJI:&Ho, a~eKTHBHOCT:b pac5orii CB .n;a."Xe pacTeT c yMeH:ome:mreM 

~. Y'lliiTIIBa.rr a To i-1 .n;ocTaTotrHoe c5II<~T"po.n:ei1cTBHe CB, Mo.xrno IIpH3HaT:b 

pac5oTy TeiiJIOBOr? yiipaBJieHIDI y.IJ;OBJinTBOpHTeJI])HOM. 

4 . 2 • 2 • 8H eprn.rr yrrpaBJieH:vr.rr .). I 5 ,II,¥. 

B ,IJ;aJibHe:fulrnx SKCIIepmJieHTax OEJIH IIOB1III.IeH1I eMKOCT:b KOH,IJ;eHca

TOpHOH c5aTapeR C 750 ~0 I250 ~ f: SHeprH.rr yrrpaBJieHH.rr ~0 IOO ~ 

(MaKCHMYM). B pesyJI:bTaTe coKpa.rqeHc BpelVlll rrepeRJIIO"tiemm t" CB 

(pRc.7) H CYmeCTBeHHO JBeJIH'tleH1I 3EatreHHH rrepBOHa'tiaJI:bHOrO CKa"tiKa 

conpoTHBJieHRH H KOHetrHoro corrpoTHB~eHIDI Rs~. Cpnc.B). O~aKo 

rrorrpeJKHeMy R sw He .n:ocTRraJIO Ma.KCr1MaJI:bHOi1 BeJJll'il1Im B 43 OM. 

4.3. CoJieHovr.n:. 

0c5MOTKa COJieHOH,IJ;a, KaK H CJie,IJ;o:aaJIO OD)l;aT:b BBH.ZJY O~HaKOBOH 

6JIH30CTH ee Ce"K.UHH K KpHT:VI'tieCKOMY '~OKy, BeC:bMa JierKO II 6UCTpO 

rrepeXO,Il;llT B HOpMaJI])HOe COCTO.mrn:e. ~1TO 3aTpy,rumeT a~eKTHBHyiO 

SBaKYa.rm:ID IIpH IM0/IMC 0Jll13IGIX 1. TiepeXO,IJ; B1I31IBaeTC.fi He TOJI:bKO 

,IJ;eHCTBHeM BCTpOeHHoro B 06MOTKe Hai'PeBaTeJIR (p:vrc. 4A) • Harrpmr.ep, 

COJieHOH,IJ; Ha'tlaJI rrepeXO,I(HT:b B HOpl\ia7II HOe COCTO.IDIHe rrpm.1epHO 'tlepe3 

O,I C ITOCJie Ha'tlana HHHUHMPOBaHHOH EPY'tiHYID SBaK,yaqffH, IIpii KOTOpoli 

HarpeBaTeJI:b B 06MOTKe He BRJIIOT.IeH, no.n:aeTC.fi TOJI:bi\0 m.myJI:bC Ha TeiT

JIOBOe ynpa.BJieime CB (pHc. 4B) • BosMO.'KHU ne IIpiftiliHLI caMorrponsBOJI:b-
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t.c _____ . 

PHc.8. PoeT conpoT~eHHH ~~aTanH BO BpeMeHH noc~e rro.n;a~ 

ynpa.BJrJnOIIiero mmyJI:&ca npH IM0 ::I20A, Fp = 4 OM H pasHHX 

aHeprHRX yrrp~emta: (I - I5 .1lxt; 2 - 25 .1I.2lt; 3 - 56 .D$; 

4 - roo .IJ'JK; 5 - R.sw.. npR liOJniOM nepexo.n;e.) 
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Horo rrepexo.na coJieEoH.ua: I. HopMaJ~:OHaJI 30Ha, B03HliiNIIM OT ;rr.eHcT-

B:ru=r yrrpaBJI.mOIILero nMrryJI:oca B CB, pac npocTpa:t-LHeTcR B coJieHOH.IL, 

H8CMOTpR Ha Ha..iTiftiii8 yqacTita CTaOH.Jlli3lipOBa.HHOrO rrpOBO,ILI-UII\a ~.:iC~~)JJT 

HIII:IH. 2. Hopr:IaJI:OIIM 30Ha rroJIBJIJ!eTcrr B caMoi.J: oc5MOTI\8 coJieEmi;rr.a 

Rai{ pe3yJI:OTaT ,Il;8IICTBI1:R IIOTep:o B ITp030,IlJI.HK8, B1I3Ba.."'HHX H31:I8HG1lli8:.1 

Mai'IDlTHOrO IIOJI.H I1 TOita B Hatra.Jie aBa·\YaJ.:U'IH .firprr IMO <<::.. Ir.IC ( ~ 80A) 

I1 ~.:::: 5, 3 OM COJI8HOM.IL OCTa8TCR B CB8pXrrpOB0~8M COCTO.FIHiiH 

(pHc.4C). 

Bo3MO.iKH1I ,ILEa o6~.FicHeHH.FI OTCYTC'J'BHR Hopr·.1aJI:OHo:H 30H1I n 8Tor.: 

peJKHMe: I. MaJia BemrtnrHa TOKa .ILJUI oc ecrretreHHR pacnpocTpaHeHHR 

HOpMaJI:OHOH 30H1T JI3 CB B COJI8HOM,IJ;. 2. lloTepH B 00MOTK8 COJIGHOH,IJ;a 

H8,IJ;OCTaTOtii-l1I li.M Harpe:aa Ka.KOrO-TO ytraCTKa OOMOTKH Bhill!e Ter,mepa-

TYP1I rrepexo;rr.a. 

,1J..7m OTBeTa Ha BOIIpOC 0 BJlliRHMU J:OpMaJI:OHOi1 30H1T B CB Ha 

COCTORID18 COJI8HOH.IJ:a IIOCTaBJI8Hbi 3KCII8)JriJI,mHT1I ITO aBa:t:yai..UHI 3H8p

ri1H rrs coJieHmr.na, pac5oTaromero B oc5hftiHOM, HeKopoTR03ar,rrmyTm.1 

peuMe. CIT u CB 6biJIH oTcoe,IzyiHeHU, KOnnvryTa.I.J;JIR TOKa rrpone;n,eHa 

C IIOMOll\:OIO TMpMCTOpHoro B1IKJirotraTeJm. f:a,n;eHIIe HaiipJD:\8IDIJI B HOp

r.18.JI:OHOll tracTu coJieHon.na rrsMepeHo c rrcvmru:oro Bcrro;.!oraTeJI:oHo::t 

KaTyriiKI1, HaBJ?ITOM 113 M8.IJ:HOJI IIpOBOJIOitl!, YCTaHOBJI8HHOi1: Ha TOpiJ;e 

COJI8HOH,IJ;a l1 BI\JII0118HHO~I BM8CT8 C OOMOTROM COJI8HOH,IJ;a B lVIOCTOBy:K) 

cxelviy. -Xapai{Tep cm.mrrpoH3BOJI:OHoro rrep 3XO,IJ;a coJieHon,IJ;a ( cr.r. , 

HarrpHMep, KPHByro I (plic. 9, IO) ocTa.JICR rrpejiGTIIM •. 

To, liTO VIM8HHO IIOTepH B 00£,10TK8 JIB.JmiOTCR TipHllliHOl1: B03Iffii{

HOB8HI1R HOpiviaJI:OHOM 30H1I, IIO,Il;TB8p.Ji{,Il;aeTCJI H8.JTif'1H8M CHJI:OHOii 3aB:r-

CHMOCTH ,IJ;.JIHT8JI:OHOCT1if II8pi10,IJ;a OT Ha'IaJ:a aBartyru.:;rm ,Il;O rrepexo,rr,a 

oT cKopocTH aBaKya:r.unr B axcrrepuMeHTax c ucrroJI:&soBaHneM CB ( cr.1. 

pnc.IO). 
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Im MarHHTa B pasHHX PeJIUIMaX SBaxya,mm SHepi'Eli C UOMO~ 

CB. 
I - IM0= I20 A; 1\>= I,4 OM, caMonpoasBoJibBirli nepexo.tt. 

2 - IM0= I20 A; ~= I,4 OM, narpeB o6MoTKH. 

3 - IM0= I20 A; ~= 5,3 OM, HarpeB oCSMo'l'IGI. 

4 - ~o= I 0 = I44 A; R_p= 4 1)M. 

5 +-----+

: 4 +--+--+----

3r-r-~~+-~t~4-~ 

0.2. o.lt 0,6 o.a i,O · .2. 1.~ f.6 

t.c 

Pllc.IO. HsMeHeHHe conpoTltBJiemrsi o6MOT:m Marmrra npn aBmcy'S.

ItKH 6es Ha.rpeea o6MOT:m ·(p:}"moe ynpa.BJieime CB) npn 

UOCTOHHHOM IMo= I20 A H ~3~ Bp• 
(o- I,4 OM; X- 2,? OM; 3E- 4 O:M; o- 5,3 OM) 
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ITpn: BEJIIOI.I8HIDI BCTp08HHOrO B OOMOTicy HarpeBaTe.IDI COIIpOTHBJI8lili8 

coJieHoH,n;a R M pacTeT 6hJcTpee n: ,n;ocT.araeT 6oJI:omr1X BeJIH'iliH, 'I eM B 

rrpe.n;or,IJ;y'II:(BX c.nyqarrx: (pn:c. II) • Ha'IMKIM crwpocT:o poeT a R M naxo

.rr;IITCJI B rrpe.n;eJiax 3, 5+5 OM/ c, "tiTO Ha ,103a nop.FI,IJ;Ka Bhiiiie 3Ha'IeiDii1, 

ITO.JIY'I8HHI:DC TipH pac"tieTe pocTa COIIpOTl~BJI8HHJI HOpMaJI:bHOH 30Im 3a 

c'IeT ee JmHethloro pacnpocTpanerm:JI B;~oJI:o npoBo,n;mu~a B a.zr;IIa6aTn:

li8CKIDC YCJIOBMRX. (MeTO,Il;I1Ka TaR Oro paCli8Ta, ITO,Il;TBepJK,IJ;eHHafi BKCIT8-

pHM8HTaJI:bH111VlH pe3yJI:oTaTa.lVlli, II1?I1B8,11;8Ha, HaiipHM8p, B /I4/). 3TO 

H8COBITa,I1;8HH8 CKOpOCT8M o6~JICHJI8TCJI, ITOBH.rr;I!MOMJ, 6HCTphlM pacnpOCTpa

H8HH8M HOpMaJI:bHOro COCTOJIHHJI nonepeR CJI08B 06MOTKH, TaR KaK Har

peBaTeJI:b YJIOJK8H B BH,Il;e D;8JIOrO CJIOJI C,Il;HOM H3 C8ImifM. 0TM8THM, liTO 

B npoD;ecce HeKoTopmc peJKHMoB aBa.Kya.:u:vrn: d R11 jdt ,n;ocTn:raeT "'20 OM/c. 

PaCCMOTpHM ITOBe,n;eHHe 06.MOTIDI TipJ.ii BBa.KYa:mm, B1!3Ba.HHOM ,Il;OCTH

JK8Illi8M KPHTHliecKoro TOKa co;renoH.n;a. ria'IaJI:OHM BeJIIrtnma d RM / d t 
~ I5+20 0M/c (cM.pHc.I2). 3TO CBI1,Il;8T:lJI:bCTByeT 0 TOM, liTO ITO'ITH 

O,IUIOBpeMeHHO B03IDIKa.IOT necKOJI:ORO HOPMa.JI:OHilX 30H. 

CpaBHemre npoD;eccoB aBaKya.D;IDI noKa3IIBaeT, 'ITO BEJIIO"tieHMe 

MruKcJioeBoro narpeBaTe.IDI npn I < Ic no3BOMeT HMHTl!pOBaT:o rroBe,n;eime 

COJieHOH,TI;a !IpH ero KpHTlift18CKOM TOKe. C: .n;pyroif CTOpOHH, T8.KTI:e aBa

pn:furue CMTYaD;HH II:?M I < Ic, KaK noJIOl\IKa rrpoBo;zunma, rroBn,n;n:MOMY, 

.nytruie MO,I1;8JIHPyiDTCH C ITOMOII.\:010 TOlie'G:HOI'O HarpeBaTeJIH. 1fCIIOJTh30BaHHe 

Me~KCJIOeBOrO HarpeBaTeJIJI ,n;acT B BTOM CJIY'I~e II8CCll1mCT~eCKHM 

pe3yJI:OTaT B OTHOllie~ BWW8KTHBHOCTH BBaKyaD;HH. 

BcJie,Il;CTBHe IIOHBJieiDIR HOpMaJI:bHOM 30HH B 06MOTKe B03HHKalOT 

3Ha'IHT8JI:OHH8 BH~TpeHHHe Hanp~eHHH (pJ.iiC.9), KOTOpi:Ie cymecTB8HHO 

pacTyT IIpH YM8H:blli8IDm BHeUIHero COIIpOTIIBJieim.H li_p• 
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PRe. II •. HsMeHeime conpoTHBJieHIDI ociMOTIW MarimTa npn sBrucyamm 

C npe~apnTe~bHRM HarpeBO~I yqaCTKa 06MOTKH npn IlOCTO

HBHOM IMO ~ 0, 8 Ic H pa3Jl]:qm{X ~. 

( 0 - I' 4 OM; * - 4 OM; 0 - 5' 3 OM) • 

R •. o" 

Pnc. I2. HsMeHeime .conpoTHBJielm.f1 o6MoT:rm MarHHTa H TOKa Mai'Hli'.1.'a 

IIpH SBa.Icy'arnm IlOCJie ,Il;OCTmrteHJ:Iff Iq)HTirqeCltoro TOKa 

Ic = I45 A. 

I - ~ = 3,5 OM; 2 - l'P = 4 OM; 

3 - I/Ic npn R_p = 3, 5 OM; 

4 - I/Ic rrpn ~ = 4 OM. 
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4. 4. 30.JiJeKTllBHOCT:& pa60TI:l ycTpOf{CTBa 3a.IgHTI:l. 

Ha30B8M 3~8KTI1BHOCT:&IO paOOTE: fCTpOMCTBa 3~TI:l ? p OTHOIII8-

Hll8 ;n;o.m aHeprmr VVp , BH;n;e.JriiBrrre:trc.F.J: B 3a.mMTHOM corrpoTHBJieHHH, 

K aHepro ~0 , sarraceHHOM B Mai'IrnT·3: 2 p::: (Wp /'viMo). 100 °/0 , 

Ha pnc. 13A noKasa.Ha sa.:ancmvrocT:& ? p OT BeJmtii~IHH R p npn HHID.UIH

poBaHHH HatraJia rrepexo,u;a OOMOTKH B HOpMaJI:&H08 COCTO.fllilii8 C IIOMOm:&IO 

HarpeBaTeM H 1M0/1MC ~ 0,8. _BH,IJ;HO~. ~TO ~p OtreH:& HH3Ka TipH 

Ma.JI1IX R p H ;n;ocTHraeT 60% rrpn ·~ = ~i, 3 OM, trTO cooTBeTcTByeT 

Ha'IaJI:OHOMY HarrpmKeHmo 8Baxya.rum Up== 510B. ,lla.JI.DHei1ruee· rroBI:ruieime 

lJp CBH3a.HO C OITp8,1l;8JI8HHNM PHCKOM. (~M8THM, 'ITO H8BHCOKa.F.J: 

3~8RTHBHOCTL 3BaKYanHH OO~HCHH8TCR CaMOTipOH3BOJILHHM rrepexo~OM 

OOMOTKH B rrpo:o;ecce 8BaKYa.IUIH. 06 3TOM CBH,Il;8T8JffiCTBYIOT 3Kcnepli

M8HTH C py-qHHM HHHIJ;HHpOBaHli8M Ha'IaJia npo:o;ecca BHBO~a 3H8prHH, 

083 BI\JIIOl!8HH.F.I: HarpeBaTeM. ,Uaxe B 3T::>M c;ry-qae '2 p H8B8JiliiKa 

( CM.pHC. 14) li B03pacTaeT ,IJ;O ,._ 95% ·rOJI:OKO npH 0'!8H:& Ma.JII:a: Rp. 
0,IJ;Hai\O l!CIIOJI:&30BaHH8 .HH3KOOMHHX raC~I'r8JI:OHLrx COIIpOTRBJieHH}r B 

a.:aapHIDmx CliTYaniDIX HeparniOHa.JI:OHOrO (puc. 13) , II03TOMY HeOOXO,II,'IDJIO 

CTp8MHT:OCH K Ma.KClra'laJI:OHO B03MOiKimM ~>. Pesep:mr HaxO,ll;ffTCH B IIO

BI:IDI8HHH aqxpeKTHBHOCTH pa60TH BbiKJIIOtrm~eJI.ff 

~ = /1- 'W'sw.). 100 ojo ' 
SW \j 'v/,o) 

KOTOpaH npH ·Bp = 5,3 OM II~aeT ,IJ;O 88,% (CM.~HC.13). ~ 3TOro Heo6-

XO;D;I:IMO, Bo-rrepBilX, o6ecrre't!HT:O rromru:tr nepexo;n; CB B HOPMaJI:OHoe 

COCTO.F.J:HMe npli JIIDOOM pru~e 3BaKy~. BO-BTOpHX, Tpe6yeTCR IIO'ITH 

Ha rrop.F.I:,1l;OK y:ae.mftiiiT:O corrpoTHBJieHHe BLIE\.JIIOtraTeM. 

~yrofi rryT:O YJIY'Iill8HHR 8~8KTHBHO~TH pa60TU ycTpOHCTBa 
K 

COCTO~T B nepeXO~~Ba.:eyaiUm ITpH Up .: C 0 fl S t B T8'I8HH8 
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40 60 ~ 100 120 f~O 

fMO ,A 
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Rp.O,., 
A B 

PKc.I3. 3aBHcmMocT~ ~o~ea aHeprHH :~H aBaKY~ Ha s~THoe 

conpoTHBJiemte oT BeJIHq:wn:Jt ~~oirpOTHBJJ:eHHJ{ ~ npH noc'l'o

HHHOM IM0 = I20 A (A) H OT IM0 npH nocToSHHoM 

~ = 5,3 OM(B).' 

I - (V/r!'v/ MO) .IOO%; 

2 - ('v/ "tJI''v/ MO) .IOQ%; 

3 - C\Jswl'vl Mo) .IOO%. 

rz,p,Yo 
100 

dO 

60 

40 

20 

Pnc.I4. 3qxpeKTBBHOCT~ a:aaKYatnm ?p npn ~0 = I20 A n 

pyr:moM BKJ.LI)Tlel:li!H npo..qecca .&~Bo;ra sHepi'lm. 
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Boero nepHo~a orrana TvKa (eM ~ 1131). B aToM c~ae aBaKYauHH 3aKaH

~BaeT~ ropa3~o 6uoTpee, ~eM npH pa3p~e Ha 3amHTHoe corrpoTHBHeHHe, 

H TeiiJIOBI:l,IJ;8JI8HIDI TpaHcnopTHOrO TOKa B OOJI8HO~e OylfYT COOTBeTCTB~J-0-

utUM o6pa3oM coiq>ameHH. O~axo B 2 pa3a B03pacTyT rroTepH B CB (npH 

O.lniHaKOBIDC Ha~BJI_DHUX Harrp.fDitemmx 3BaKya:uiDI) /fit/. 1\poMe TOro , 

CJie,IJ,yeT Ollm,IJ;aT:& y-B8Jm11eHH.R: UO~~ep:b B COJieHOl'I.n8 OT BH.Xp8B1IX TOKOB. 

8qxpeKTHBHOCT:& pa60TU npe)J;JIOJKeHHOH CXe:MlX B CJTy"t~ae npliMeHeHllJI 

ee ,It7.Ul He CTOJib "MeTacTaOHJibmOC" OOMOTOK MOJlteT OUT:& BeC:&Ma BI:WOKOH. 

06 3TOM CBH~8T8JibCTBY8T poeT 79 

Ha pHc.f38. 

IIonyTBO OTMeTHM, ~To Ma.KC:HMa.JI:&Ho noJIHaJI 3BaKYa.urui 3anaceHHoi1: 

aHeprHH BruKHa He TOJI:&Ko ,It7.UI 3I(OHOMHH JIW.D;Itoro reJIH.fi, yrrpome:mm ra30BllX 

npe~OxpaHHT8JI:&HUX ycTpOHCTB H npe~OTBpameHIDI ~83MepHoro HarpeBa 

OOMOTKH. II pH HeaqxpeKTHBHOH 3Baxya,rum nan;eHHe HarrpJDKemti:i B OOMOTKe . 
(~c.J.L. 

MOJK8T npeBI:lCHT:b HanpSDiteHll:e 3Baxya,tiiiiV{np12I ~ p = 50% 3TH Harrp.TDKe-

HHH paBHU) H Bl:l3BaT:b npOOOH 3~8KTpKqeCKOH H30~. 

5 • BbiBO.Abl 

I. IIpe.n;JioJKeHa HOBaJI cxeMa aJieKTpo~Trurn:.a: H 3antHTU cBepxnpoBo

.nmiUDC MarHHTOB, pa60TB.IOIQHX B peJKHMe "3aMOp02lteHHoro TOKa". EJraro~aP.fi 

HCITOJI:&30BSHHD oBepxnpoBo~ nepeM&qKK J2I BUKJID~aTe~ pa3~eJieHU 

' nyTH DHTaHHH H 3BaKYauKH, ~TO o6ecne~aeT B03MOEHOCT:& BUBe~eHR.fi 

9H8prKH H3 MarHHTa B JIIDOOH MOM9HT pa60TU, KaK DpH BBO~e (H Bl:lBO~e) 

TOKa, Ta.K H B B.BTOHOMHOM peJlWMe. 

2. Pa6oTocrroco6Hoc.Tl> H aqxpeKTHBHOCTl> ®e.IJ;JIOiteimoi1: cxeMI:l 

UO~TBe~eHH 9KCnepHMeHTaMH Ha Jia6opaTOpHOi CBepxnpOBO~eif Mar

HHTHOH CHCTeMe. 



l 
l 
1. 
l' 

-. 23 -

3. llo;ry-qeHH aKcrrepmeHTaJI:oHHe .n:a.mme o rroBe.n;e:mrn: npn rrepexo,n;e 

B HOpMBJI:OHOe COCTOmm:e H 8Ba.B.yarnm: SHeprHH OIITHMH3HpOBa.HHOrO Jia6o

paTOpHOrO COJieHOH,n;a, CO,I(e~arnero CeM:O ceKUH~ C BHCOKOH UHOTHOCT:OID 

TOKa. llpKtieM Iq>HTKtieCKHe COCTO.mmJI BCeX CeKUHH ,I(OCTHraiOTCJI IIpH0-

~3HTenDHO O~OBpeMeHHO. Pa3BHTHe HOpMaJI:OHOH 30Hil B IIO,IJ;OOHUX OOMOTKal 

npoHcxo~ o~ea:o 6HcTpo, ~To Tpe6yeT oco6o BHHMaTeJI:oHoro rro.n;xo,n;a 

K KOHOTpYHPOBBHHD ycTp~ACTB 3~TR H ~30~ OOMOTOK • 

.. 

I 
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TAEJMirA 
ocHOBHI:DC rrapaMeTpOB Jia6opaTopHoi! CMC 

Ha.HMeHoBrume rrapa:MeTpoB PasMepHOCT:& BeJmtUIHa 
rrapa.MeTpa 

CoJieHOM 

BeyTpemmit ,ItHa.MeTp OOMOTKH M 0,044 

KpHTlNecKKit TOR A I 3D+ I 50 

MaKCHMaJibHasi 3anaceHHasi aHeprKSI KlLxt ~50 
IlpH 

Ko~ecTBO ce~ 7 

.liJIOTHOCT]) TOKa B ceKI.tWDC OOMOTKK A/crl 0,8;.2,3.I04 

.llRa.MeTpi:l IlpOBO~ROB (HT-50, 
MHOrOERnbHI:le, 5Q%) 

MM 0,70;0,85;1,20 

~ B ~eHTpe B00 
T ~a 

~THBHOCT]) (pac~eTHasi) rH 4,8 

CorrpOTRBJieHHe HarpeBaTe~ B OOMOTRe OM 200 

Ile:QeMWIKa 

JUia.MeTp IlpOBO,IUmKa. (HT B Me,ItHo- MM 0,25 
HHReJieBO~ M~Tpgue) 

,llHa.MeTp lltHJII:1 MKM 20 

CorrpoTHBJieiDie rrpx IOK OM 4,2 

MomHOCT:b HarpeBaT~ BT IV I,5 

KpHTHlieCKH~ TOR A 200 

llilKJnO~aTeJI:& 

}.LHa.MeTp IlpOBO,Il;HliKa ( HT B Me,ItH<>- MM 0,25 
HKKeJieBOH MaTpHUe) 

,IL'aa.MeTP JmJIH 20 

Ko~ecTBO npoBo~oB 3 



ConpoTHBHeHHe npH IQK 
ConpoTHBJiem~:e nPH IQOK 

KpHTH\f8CIGdi TOK 

YnpaBJieHHe 
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EMKocT:& xo~eHcaTopaoH .6aTapeH 

Ma.KcHMa.JI:&Hoe HanpSD!teime 

ConpoT~eHHe rro~orpeBaTexH npH 
Tep:MH1i8CKOM ynpaBJie~ 

3arnHTHOe CODpOTHBneHHe 

(npOBOJIOR8. HS CTaJm XI8HIOT) 

PasMepHocT:& Bem:vma 
rrapa.MeTpa 

4I 

43 

200 

750 --;-12.50 

500 

0,38 

0,1'f- + 5',3 
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GMC - cBepxrrpoBo.nmrtrur MarimTHrur CHCTeMa. 

CM - cBepxrrpoBO~H MarHHr. 

CIT - CBepXIIpOBO~aH nepeM~ 

CB - cBepxnpoBo.n.mnrui B:WtJmPiaTeJI:& 

P3T - :peJmM sa.Mopoxe!ffioro Tt)Ka. 

OE03HA tfEill1ff 

I - CHJia TOKa 

P - Be~Ha COIIpOTHBJieHHH 

·t - Bpewr 

U - pa3HOCT:& ITOTeHURaJIOB 

W- aHeprKH 

~- a~eRTHBHOCT:&.aBaxyauKK aHe:prHH 

C - :KpHTHl:leCK.d 

d - sanas,II;ElBaHHe 

M- Ma.rHHT 

0 - Ha't!aJI:&HI:di 

p - 38lltHTHiii 

't - nepexo.n; 

.S W - CBepxnpOBO,ItRiltKH BHKJIIO't!aT 9JI:&. 
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