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A«myallbHocmb me.Mbt 

B 1998 r. B OIDIM 6Lurn Haqam pa3pa6oTKa H coopy)KeHHe ycmH0BKH LEPTA, 

rrpe,D;HaJHaqeHHOli ,D;JIH reHepaiurn HHTeHCHBHLIX IIOTOKOB II03HTPOHHH H 

3KCIIepHMeHTOB C HHMH. B ceHni6pe 2004 ro,na 6Lm ocymecTBJieH qJHJHqecKHli rrycK 

KJIIOqeBoro :meMeHTa 3TOii ycmHOBKH - HaKOIIHTerr»: LEPTA (Low Energy Particle 

Toroidal Accumulator) c u;npKyrrnpyromnM 3JieKTPOHHLIM rryqKoM B ,nnarraJoHe 

3Heprnii 1-10 K3B. B 3TOM HaKOIIHTeJie pearrH30BaHa opttrHHaJILHaH cxeMa HH)KeKUHH 

MH UHpKyrrnpyromero rryqKa, cxeMa BBO,na H BbIBO.Z(a O,D;HorrporreTHOro 3JieKTPOHHoro 

rryqKa, He B03Mymruoma»: u;npKyrrnpyromnii rryqoK. TaK)Ke rrpoTecTnpoBaHa cxeMa 

COBMemeHHH UHpKyrrnpyromero H O,D;HOIIporreTHOro OXJia)K,D;aIOWero 3JieKTPOHHOro 

IIyqKOB. 

,ll;IDI qioKycnpOBKH 3apH)KeHHLIX qacTHU B. HaKOIIHTeJie LEPTA HCIIOJIL3yeTCH 

rrpo,noJILHOe MarHHTHOe rrorre KOTOpoe · rrpHCYTCTByeT Ha BCeii op6HTe 

unpKyrrnpyromero rryqKa. 

IlepBoHaqaJibHO ycKopHTeJIH C qioKycnpOBKOH rrpo,nOJibHLIM (a3HMYTaJILHbIM) 

MarHHTHLIM rrorreM 6LIJIH rrpe,nJIO)KeHLI ,nIDI rrorryqeHH.ll 3JieKTPOHHLIX rryqKOB C TOKOM 

HeCKOJibKO KHJIOaMIIep H 3Heprneii HeCKOJILKO .nec.HTKOB M3B. TaKHe ycKOpHTeJIH 

Ha3LIBaIOTC.ll MO,D;HqJHUHPOBaHHbIMH 6eTaTPOHaMH. ,[(JI.SI qiopMHpOBaHH.ll ycrniiqnsoro 

,D;BH)KeHHH qaCTHU Ha paBHOBeCHOii op6HTe a HHX ,D;OIIOJIHHTeJILHO K rrpo,nOJILHOMY 

MarHHTHOMy IIOJIIO MO)KeT HCIIOJib30BaTLC.ll CIIHpaJILHOe KBa,npyrroJILHOe rrorre. TaKoe 

rrorre cpopMnpyeTCH CTerrrrapaTOpHoii o6MOTKOH. 3TOT TepMHH B03HHK B qJH3HKe 

IIJia3MbI, r.ne ,D;JI.ll y.nep)KaHH.ll IIJia3MbI B CTerrrraparnpax B .Z(OIIOJIHeHHe K rrpo.Z(OJILHOMY 

MarHHTHOMY IIOJIIO 6Lma BrrepBLie HCIIOJib30BaHa CIIHpaJILHaH MYJILTHIIOJibHaH 

o6MOTKa. 

CTerrrraparnpLI HMeIOT aJHMYTaJILHO-CHMMeTPHqHyro CTPYKTYPY, H ,nIDI 

y.nep)KaHH.ll IIJia3Mbl (qiopMHpOBaHHH 3aMKffYTLIX MarHHTHLIX IIOBepXHOCTeii) 

CIIHpaJILHaH MYJILTHIIOJILHaH o6MOTKa IIOKpLIBaeT Beeb rrepHMeTP ycTaHOBKH. 

YcKOpHTeJIH C npO,D;OJILHLIM M~THI.¥:no~eM, .l!~,!1~orr~~1mne ,nrr»: 
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ycTOll'IHBOro ,D;BHJKeHml Ha paBHOBeCHOi1 op6HTe CTemiapaTOPHYIO o6MOTKY, 

Hll3blBfilOT CTennaTPOHaMII, no aHanOrIIII co CTennapaTopaMII. 

O,n;Hoi1 II3 npo6neM CTennaTPOHOB HBm!eTCH cnOJKHOCTb IIHJKeK[{IIH II BbIBO,n;a 

3aMarHII'leHHb!X nyqKoB. B ll3IIMYTanbHO-CHMMeTPH'IHOi1 CTPYKType 3TY npo6neMy 

pernHTb He y,n;anocb. 

CTPYKTYPa HaKonHTenx LEPTA HBMeTcx ceKn;HOHHpoBaHHOi1. B HeM BnepBbie 

CTennapaTOpHM o6MOTKa noKpbIBaeT He Beeb nepIIMeTP paBHOBeCHOi1 op6IITbl, 'ITO 

no3BOnxeT BBeCTII ,n;ononHIITenbHbie npHMOllIIHei1Hbie npoMeJKYTKII .LIM pa3MeID;eHIIH 

ycTPoi1cTB BnycKa-BhmycKa, ,n;IIarnocTHKII, 3neKTPOHHoro oxnaJK,n;eHIIH II T.n. 

3KcnepHMeHTanbHOe npoBepKa cxeMbl IIHJKeK[{HII II COBMeID;eHIIH 

«3aMarHII'leHHbIX» n;IIpKynIIpYIQmero n03HTPOHHOro II o,n;HonponeTHOro 3lleKTPOHHOro 

nyqKOB OTKpbIBaeT nYTb .LIM IIIIIpOKoro IICnOnb30BaHHH TaKOro TIIna HaKOnIITenei1. 

HarrpIIMep, rrpoeKT HaKonIITeM no3HTPOHOB no,n;o6Horo TIIna pa3pa6oTaH B paMKaX 

npoeKTa FLAIR (GSI, fepMaHIIH) ,n;nx reHepan;IIII noTOKOB aTOMOB aHTHBo,n;opo,n;a. 

Ilpe,n;noJKeHHM cxeMa BBO,D;a-BbIBO,n;a nyqKa n03BOnHeT peIIIIITb OCHOBHble npo6neMbI 

MO,D;II<pIIn;IIpOBaHHbIX 6emTpOHOB II ,n;aeT B03MOJKHOCTb nonyqeHHH 3neKTPOHHbIX 

nyqKOB 6on1,rnoi1 MOI[{HOCTII. 

B CBH3II C BbIIIIeCKll3aHHbIM, HaCTOHI[{M pa6om HBnxeTCH aKTyanbHOi1 II 

npe,n;CTaBnHeT 6onbIIIOi1 IIHTepec KaK .LIM qiopMIIpoBaHIIH nOTOKOB no3HTPOHIIH II 

aHTIIBO,n;opo,n;a, TaK II .LIM pa3BHTIIH MeTo,n;a 3lleKTPOHHoro oxnaJK,n;eHIIH. 

Oc110611bte l(e.rtU pa6ombt 

,AaHHM pa6om IIMena n;enbIO pa3pa6oTKy H TeCTIIpOBaHIIe OT,n;enbHbIX 

3neMeHTOB HaKOnIITeM C npo,n;onbHbIM MarHHTHbIM noneM, c6opey II nycK HaKOnHTenx 

LEPTA c 3neKTPOHHbIM ny'IKOM, npoBepKy npIIHn;IIna coBMemeHIIH <CaMarHII'leHHbIX» 

IIY'J:KOB 3a C'leT n;eHTP06eJKHOro ,n;pei1qia B TOpOII,D;anbHbIX coneHOH.n;ax. 
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Hay1111aR ll06U3llll 

BrrepBbie npe,n;noJKeHa II ocymecTBneHa cxeMa IIHJKeKD;IIII «3aMarHII'leHHoro» 

nyqKa B HaKOnHTenb C npo,n;onbHbIM MarHHTHbIM noneM 6e3 B03MyID;eHIIH rryqKa, 

n;IIpKynHpYIQmero Ha paBHOBeCHOll op6IITe. 

BnepBb!e npoTeCTIIpOBaHa opIIrIIHanbHM cxeMa COBMel[{eHHH 

«3aMarHH'leHHI,IX)) 3neKTPOHHOro II II03HTPOHHOro ny'IKOB. 

BnepBbie npe,n;noJKeHa H ocymecTBneHa cxeMa HaKonHTenx c rrpo,n;onbHbIM 

MarHHTHbIM rroneM, B KOTOpOM ,n;orronHHTenbHM CIIIIpanbHM KBa,n;pynonbHM o6MOTKa 

IIOKpbrnaeT He BCIO paBHOBeCHYIO op6IIry. 

Pa3pa6omHa II 3KCnepIIMeHTanbHO no,n;TBepJK,n;eHa MaTeMaTII'leCKM MO,n;enb 

,D;HHaMIIKII n;IIpKynIIpYIQmero nyqKa B ,n;pei1<pOBOM npII6nIIJKeHIIII B HaKOnIITene c 

npo,n;onbHbIM MarHIITHI,IM rroneM. 

Pa3pa6oTaHbl MeTO,L\IIKII .LIM II3MepeHIIH 6emTpOHHOro 'IIICna B HaKonHTene C 

npo,n;onbHbIM MarHIITHbIM rroneM. 

IlpaKmu11ec«aR u.e1111ocmb pa6ombt 

CoopyJKeH YHIIKanbHbii1 HaKOIIHTen1, qacTIIU: HII3Koi1 3HepmII LEPTA, B 

KOTOpOM peanH30BaHa cxeMa IIHJKeK[{IIII, He B03MYI[{M ,D;BHJKeHIIe Ha paBHOBeCHOi1 

op6IITe. 

Ha HaKOIIIITene LEPTA rrpoTeCTHpOBaH IIpHH[{Hn COBMel[{eHHH 

«3aMarHII'leHHbIX» ny'IKOB 3neKTpOHOB H no3HTpOHOB, 'ITO no,n;TBepJK,n;aeT 

B03MOJKHOCTI, ero IICIIOllb30BaHHH ,n;nx reHepan;IIII noTOKOB n03HTPOHIIH H 

aHrnBo,n;opo,n;a. 

Ha Jall(umy Bbmocumca: 

1. CxeMa ceK[{IIOHHpOBaHHOro CTennaTPOHa, B KOTOpOM cnIIpanbHM KBa,n;pyrronbHM 

o6MOTKa noKpbrnaeT '!aCTI, op6IITI,I. 3TO no3B0MCT IIHJKeKTIIpOBaTb II y,n;eplKIIBaTb 

,D;nIITenbHOe BpeMH «3aMarHII'leHHbie» 'laCTIID;bI, IICTO'IHIIK KOTOpbIX norpyJKeH B 

MarnHTHoe none. <l>H3II'leCKIIi1 nycK HaKOIIIITeM LEPTA c n;IIpeynIIpYIQID;HM 

3neKTPOHHbIM nyqKOM, peanll3YIQID;ero 3TY cxeMy. 
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2. KoHCTJ)yKUII.SI HaKOnI1TemI 3apH)KeHHI,IX qaCTIIU C npo,n:OJibHblM MarHIITHblM noneM 

LEPTA. 

2.1. KoHCTJ)yKUIIH cenryMa, o6ecneqJIBaJOill;aH pa3,n:eJihHbIH BBO.D: B HaKOnIITeJII, 

nyqKOB no3IITJ)OHOB II 3JieK-rpOHOB 6e3 B03MymeHIIH nyqKa, UIIPKYJII1py10mero 

Ha paBHOBeCHOH op6I1Te. 

2.2. KoHCTJ)yKUIIH 6e3)KeJie3Horo cnI1pan1,Horo KBa.n;pynoJIH, qiopMI1pyromero 

nocTOHHHhrn rpa,n:I1eHT B npe.n:enax anepryp1,I II 06ecneqI1BaIOIUero 

ycrnftqIIBOCTh .D:Bil)KeHIIH qacTIIU UIIPKYJIIIPYlOIUero nyqKa. 

3. 3KcnepI1MeHTaJibHaH npoBepKa Ha HaKOnIITeJie c npo,n:OJII,HI,IM MarHIITHbIM noJieM 

LEPTA cxeMbI coBMemeHIIH ,n:Byx «3aMarnI1qeHHhIX» nyqKoB, ocHoBaHHoro Ha 

u;eH-rpo6e)KHOM .n:peiiqie qacTIIU B rnpoII.D:aJihHhIX coneHoI1.n;ax. TipI1 3TOM .D:BI1)KeHI1e 

n03IITJ)OHHOro nyqKa Mo,n:eJIIlpOBaJIOCI, nyqKoM 3JieKTpOHOB, UIIPKYJIIIPyIOIUIIX B 

HaKonI1Tene, a op6I1Ta o,n:Honponernoro nyqKa 3JieKTpOHOB qiopMI1pOBanac1, npI1 

Il3MeHeHIIII HanpaBJieHIIH noBOpOTHOro noJIH B Topax Ha npOTIIBOnOJIO)KHOe. 

4. Mo,n:eJib .D:IIHaMIIKII qacTIIU B ceKQIIOHilpoBaHHOM HaKOnIITeJie c npo,n:OJII,HI,JM 

MarHIITHblM noJieM B .n:peftqioBOM npI16JII1)KeHIIII, II ee 3KCnepI1MeHTaJibHOe 

no.n;TBep)K.D:eHI1e Ha HaKonIITene LEPTA. 

5. MeTO.D:IIKa HaC-rpOHKII OCHOBHI,IX OTITilqeCKIIX 3JieMeHTOB HaKOnI1TeJIH C 

qJOKYCilpOBKOH npo,n:OJII,HblM MarHIITHI,IM IIOJieM, MeTO.D:IIKa qiopMI1pOBaHIIH 3aMKHYTOH 

op6I1Tbl II MeTO.D:IIKa Il3MepeHIIH 6eTaTJ)OHHOro qI1cJia II 3KCrrepI1MeHTaJibHOe 

no.n:rnep)K.D:eHI1e IIX 3qiqieKTIIBHOCTII Ha HaKonnTene LEPTA. 

Anpo6au.ua pa6ombt 

MaTepilaJil,I .n:nccepTaUIIli .D:OKJia.D:bIBaJIHCb Ha pOCCHHCKHX KOHqiepeHQIIHX no 

ycKopnTeJIHM 3apH)KeHHhIX qacTHU RuP AC: XVIII (2002 r., O6HIIHCK) II XIX (2004 r., 

,lzy6Ha), eBponeftcKHX KoHqiepeHUHHX no ycKopnTeJIHM EPAC'2002 (TiapH)K), 

EPAC'2004 (ll10u;epHa, lllBeiiu;apnH), Ha Me)K.D:yHapo,n:Hoil: KoHqiepeHUIIII no qJI13IIKe 

aHrnnpoToHOB Hll3KOH 3neprnI1 LEAP'2003 (HoKoraMa, .HrroHIIH), Me)K.D:ynapo,n:HOM 

coBemannII no oxna)K.D:eHIIIO nyqKoB 3apH)KeHHhIX qacTIIU ECOOL'2003 (<l>y,n:)KII, 

.HnoHIIH), Me)K.D:ynapo,n:HhIX nayqHI,IX ceMIIHapax naMHTII B.TI. Capanu;eBa (.n:y6Ha, 

4 

2001, 2003 r.r.), Heo.n:noKparno 06cy)K.D:annc1, 

Ofo,e,n:I1HeHHOM 11:ncrnTYTe .H.n:epn1,ix 11:ccne.n;oBaHIIH. 

Ily6nu«au.uu 

Ha 

Pe3yn1,TaT1,1 I1ccne,n:0BaHI1ii, COCTaBIIBIIIIIX 

ony6JIIIKOBaHbl B 8 neqaTHbIX pa6oTax. 

Cmpy«mypa u om,e.M ouccepmau.uu 

HayqHI,IX CeMHHapax B 

OCHOBY .D:Ilcceprnunn, 

,[{Ii:ccepTau;IIH COCTOIIT H3 BBe.n;eHIIH, qeTI,Ipex rnaB, 3aKJ110qeHHH II cnHCKa 

JIHTepaTYPM ll3 27 HaJIMeHOBaHIIH. O6mnii ofo,eM: 99 c-rpaHUll;. 

Co~epamuue ~uccepTaQuouuoii pa6oThI 

Co.n:ep)KaHne pa60T1,1 H3JIO)Keno B qeT1,1pex rnaBax. 

B rJiase 1 npnBe.n;ena cxeMa ycrnHOBKH LEPTA, onncan1,I OT,n:en1,n1,1e 

3JieMeHTbl HaKonnTeJIH II ll3JIO)KeHI,I npnHu;HnhI COBMemeHHH 0.D:HOnponeTHOro 

3JieK-rpOHHOro nyqKa II UHPKYJIIlpyIOmero 1103HTpOHHOro. 

Y crnnoBKa LEPTA cocTOHT ll3 HH)KeKTopa no3IITJ)OHOB, HaKOIIIITeJIH 

no3HTJ)OHOB C CIICTeMOH 3JieK-rpOHHOro OXJia)K.D:eHHH II CIICTeMbl ,n:eTeKTI1pOBaHI1H 

noTOKa n03IITJ)OHIIH. TI03IITJ)OHHblH IIH)KeKTop BKJIIOqaeT B ce6H p+ aKTIIBHblli 

IICTOqHHK Ha OCHOBe Il30TOIIa Na
22 

II JIOBYIIIKY TieHHHHrOBCKoro THna. lloByIIIKa 

npe.n;Ha3HaqeHa ,n:JIH npe,n:BaprrTeJibHOro HaKOIIJieHIIH 1103IITJ)OHOB II IIOCJie.n:yromeii IIX 

o.n:noo6opoTHOH IIH)KeKQIIH B HaKOnHTeJib. 

KJIIOqeBbIM 3JieMeHTOM ycTaHOBKH HBJIHeTCH HaKOIIHTeJib, npe.n;Ha3HaqenHhIH 

.D:JIH y.n;ep)KaHIIH Ha CTall;HOHapHOH op6nTe II 3JieK-rpOHHOro OXJia)K.D:eHIIH n03HTJ)OHOB C 

3Heprneft npI1Mepno IO K3B. ATOMI,I n03IITJ)OHIIH o6pa3yIOTCH IIpII peKOM6HHall;IIII 

3JieK-rpOHOB II n03IITJ)OHOB B ceKQIIII OXJia)K.D:eHUH. 

l13-3a He60JibIIIOH 3HeprnI1 no3IITJ)OHOB .D:JIH qJOKYCHpOBKH UHPKYJIIlpyromero 

nyqKa I1cnon1,3yetCH npo,n:OJibHOe MarnrrTHOe none B KOM6IIHall;IIII C .n:onOJIHIITeJihHI,JM 

cnI1paJibHhIM KBa.n;pynoJibHhIM noneM. TaKaH reoMe-rpHH noneii xapaKTepna .D:JIH 

MO.D:IlqJHUIIPOBaHHOro 6eTa-rpoHa II ero pa3HOBII.D:HOCTH - CTenna-rpoHa. Ho, B OTJIIlqile 
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OT CTeJIJiaTp0H0B, pa3pa6oTaHHblX II IICCne'A0BaHHbIX B ClllA, CTJ))'I<Typa HaK0JIIITeIDI 

LEPTA He o6nMaeT a3IIM)'TanbHoii CIIMMeTpIIeii, II crrIIpanbH0e KBMpyrronhHoe rrone 

IIplIC)'TCTByeT T0nbK0 Ha He6onbmoii qacTII op61ITbI B rrpsi:MOlllIHeiiHoii ceKIJ;IIII. 3Ta 

oco6eHHOCTh JI03B0IDieT peanII30BaTb opIIrIIHanbH)'IO cxeMy IIH,KeKU:IIII, 

o6ecrre~BaIOIU)'IO Pa3'AellbHblll BB0'A B HaK0IIIITenb rryqK0B JI031ITJ)0H0B II 3neKTp0H0B 

6e3 B03Myru;eHIISI rryqKa, U:IIpKynIIpyroru:ero Ha paBHOBeCHOll op6IITe. 

,l{mI peanII3aU:IIII rrpe'All0)KeHHblX rrpIIHU:IIII0B IIH)KeKIJ;IIII II C0BMeru;eHIISI rryqK0B 

6bm pa3pa6oTaH II coopy,KeH HaKorrIITenb LEPTA. OH cocToIIT II3 'AByx 

rrpSIMOlllIHeiiHbIX ceKIJ;IIll, K0T0pbie C0e'AIIHeHbl Me~y co6oii T0p0II'AanbHbIMII 

ceKIJ;IISIMII (pIIc. 1.). <l>oKycIIpyroru:asr CIICTeMa HaK0IIIITensr LEPTA rrpe'ACTaBnsreT 

co6oii K0nbu;eByro CIICTeMy coneH0II'A0B, )'CTaH0BneHHbIX Bllll0TH)'IO 'Apyr K 'Apyry, II 

II0Meru;eHHbIX B 06ru;1Iii MarHIITHblll 3KpaH. BaK)'YMHaSI KaMepa pa3Meru;eHa BHYTJ)II 

coneH0II'A0B. 

IlepBasr rrpsi:MonIIHeiiHasr CeKIJ;IISI BKmoqaeT B ce6sr cerrT)'M II KIIKep, KOTOpblll 

Hax0'AIITCSI cpa3y rrocne cerrT)'Ma. 3Ta ( ceIIT)'MHM) ceKu;IIsr pacrronaraeTcsr BHYTJ)H 

0BanbH0ro ceIIT)'MH0ro coneH0H'Aa, KOTOpblll C0CT0HT II3 qeTbipex 0'AHHaK0BbIX ceKIJ;Hll 

'AllHHOll lM. CeKIJ;HSI, coe'AHHSIIOIUaSI ceIIT)'MH)'IO H BT0p)'IO IIpSIMOllHHeiiHyID CeKIJ;HIO, 

rrpe'ACTaBllSleT co6oii TJ)H T0p0H'AanbHbIX coneH0II'Aa Kpyrnoro ceqeHHSI. ,[{Ba II3 HHX, C 

'AllaMeTp0M o6MOTKH 196 MM, o6ecrreqHBaIOT II0B0p0T Ha 150°. A TpeTHll, C 

'AIIaMeTJ)0M o6MOTKII 400 MM, o6ecrreqIIBaeT JI0B0p0T eru:e Ha 30°. Eonbllillll 'AHa.MeTp 

3Toro coneH0II'Aa BbI6pau, qT06bI 06ecrreq1ITb B03M0)KH0CTb BbIB0'Aa rryqKa aT0M0B 

II03HTJ)0HIISI B 3KCrrepIIMeHTanbHblll KaHan 'AllaMeTp0M 80 MM JI0 0CII IIpSIMOnIIHeiiHoii 

ceKIJ;HII. IlpH 3TOM, CTbIK0BKa BCex coneH0H'A0B, q>opMIIpyIDIUIIX IIP0'A0llbH0e 

MarHHTHoe rrone, BbJII0nHeHa rrpaKTrrqecKH 6e3 3a30pa, qTQ SIBIDieTCSI He06XO'AHMbIM 

ycnoBHeM 'AAA qiopMIIpOBaHIISI 0'AH0p0'AH0ro rrp0'A0llbH0ro JI0AA. ConeHOII'Abl BTOpoii 

rrpsi:M0llHHeiiHoii ceKIJ;IIII IIMelOT 'ARHHY 1 M c 'AHaMeTJ)0M o6MOTKII 196 MM. BHYTJ)H 

3TOH ceKIJ;IIH pacrronaraeTCSI CIIHpanbHblll KBMpyrronb, C rrpOTHBOJIOllO)KHOll CT0p0Hbl 

0Ha C0e'AIIHeHa C ceJIT)'MH0ii ceKu;rreii qepe3 BT0p)'IO T0p0H'AanbH)'IO CeKIJ;IIIO, K0T0pasr 

ecTb 3epKanbH0e oTpa,KeHIIe rrepBoii. 

6 

Puc. 1. CxeMa ycTaH0BKII LEPTA. 1- rrcTotiHHK rro3HTJ)0H0B, 2- rroJHTJ)0HHM 

noBymKa, 3- TpaHCIIOpTHpOBoqHblll KaHan, <t- ceIIT)'MHblll coneH0H'A, 5- KHKep, 

pacrrono)KeHHblll BH)'TpH ceIIT)'MH0ro coneH0H'Aa, 6- T0p0II'AanbHbie coneH0H'Abl, 7-

cirnpanbHblll KBMpyrronb, pacrrono,KeHHblll BHYTJ)H rrpsi:MonHHeiiHoii ceKU:HH, 8-

IIpSIMOllHHeiiHasr ceKIJ;HSI, 9- 3KcrrepIIMeHTanbHblll KaHan, 10- 3neKTp0HHaSI rrymKa, 11-

KonneKT0p 3neKTp0H0B CHCTeMbl 3neKTp0HHoro oxna~eHHSI, 12- BaKy)'MHbie HaC0Cbl. 

IlpoeKTHbie rrapaMeTpbI HaK0IIHTensr LEPTA rrprrBe'AeHbI B m6. 1. 
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Ta6muia 1. IlpoeKTHbie napa.MeTIJbI HaI<OnI1Tem1 LEPTA. 

IlepIIMeTIJ, M 17,2 

3ttepnrn unpKynupyromux 'IacTIIU, K3B 1-10 

I1po.non1,ttoe MarnIITHoe none, re 300-1000 

Pa,nilyc TOpoH,nanbHhIX ceKuuii., M. 1,45 

IloBopoTttoe MarHHTHoe none B Topax, re 0-3 

~IIHa c1rnpanbHOro KBa,npyrroJUI, M 1,6 

u qucno maroB ero cnI1panu 2 

rpa.nneHT KBa,npyrronbHOro MarHIITHOro nomI, re/CM 0-20 

Pa,nilyc UilpKynupywmero nyqKa, CM 0,6 

.llaBneHHe OCTaTO'IHOro ra:m, Topp 10-10 

Ilepilo,n 06pamettm1, ttceK 300-2000 

CnmKHOCTI, lIH)I(eKUlilI nyqKa B HaI<OnI1Ten1, C npo.nonI,HI,IM MarHIITHbIM noneM 

CB.!13aHa C TeM, 'ITO «3a.MarHH'1eHHI,Ie» 3neKTIJOHHl,ill lI n03lITIJOHHbIH nyqKII 

T{JaHcnopTnpyroTC.!I KO Bxo.ny HaKOnIITen.!I C noMOIUhIO OT,nenbHbIX coneHOil.!lOB, II M.!! 

npIIBe,neHlI.!I o6oux nyqKOB Ha paBHOBecHyro op6uzy lIX Heo6xo.nnMO CMeCTIITI, B 

HanpaBneHillI, nepneH,nuKyJUipHOM npo.nonbHOMY nonIO, Ha paCCTO.!!Hlie nop.!!,nKa 

,11;I1a.MeTPa conetton.na. 

3Ta 3a_naqa pemaeTC.!I C ITOMOJUI,IO IIH)I(eKUIIOHHOro KOMnneKca, KOTOpbIH 

BKJIIO'IaeT B ce6.!! 3neKTIJil'1eCKlIH KlIKep II cneuuanbHhie cenzyMHbie o6MOTKII, 

pacnono)I(eHHbie BHYTPII cenTyMHOro coneHOil,D;a. l1H)I(eKUIIOHHbIH KOMnneKc 

ttaKonnTem1 LEPTA npe,nHa3Ha'1eH ,nJUI o.nttoo6op0Tttoii. IIH)I(eKUIIII no3HTIJOHHOro 

ny'IKa Ha paBHOBecHyro op6uzy, BBO,na II BbIBO,D;a Il3 HaI<OITHTeJUI O,D;HOITponeTHOro 

3neKTIJOHHOro nyqKa CIICTeMhI 3neKT{JOHHOro oxna)I(,11;eHlI.!I. 

3neKT{Jil'1eCKlIH KIIKep, pacnono)I(eHHbIH cpmy 3a cenTyMOM, BKJIIO'IaeTC.!I 

TOnbKO B MOMeHT IIH)I(eKUIIII. OH o6ecne'1IIBaeT BepTI1KanbHOe CMemeHHe 

IIH)I(eKTHpyeMoro ny'IKa Ha paBHOBecHyro op6I1TY, 

ropI130HTanbHOe CMemettue ocymecTBJUieTC.!I cenTyMHbIMlI o6MOTKa.MlI. OHlI 
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BbIIIOnHeHhI B Bil,D;e AByx coneHOlI,11;0B np.!!MoyronhHOro ce'IeHil.!I, KOTop1,1e qiopMIIPYIOT 

.nononHI1Ten1,ttoe MarHIITHOe none, HanpaBneHHOe nepneH,D;IIKyn.!!pHO K npo.nonbHOMY 

nonIO cenTyMHOro coneHOil,na. CenTyMHbie o6MOTKII pacnono)I(eHI,I CIIMMeTIJil'IHO 

OTHOCIITenbHO Me,D;liaHHOH nnOCKOCTH HaKOnI1Ten.!I - Ha,n II no.n Heii., a HX MarHlITHb!e 

non.!! lIMeIOT npOTHBononO)I(HOe HanpaBneHne (pnc. 2.). TaKM cxeMa pacnono)I(eHH.!I 

o6MOTOK n03BOJUieT, C o.nttoii. CTOpOHbI cqiopMHpoBaTb ,D;OCTaTO'IHO 0,D;HOpo.nttoe 

OTKJiomnomee none BHYTPH o6MOTOK n CBeCTH K MIIHHMYMY pacce.!IHHbie non.!! B 

o6nacTH paBHOBeCHOii. op6HTbl, TaK 'ITO OHII npaKTlI'IeCKH He B03MymaIOT ,D;BH)I(ettne 

UilpKynupyromero nyqKa. 

Y(cn ) 

30 

10 

-10 

-30 
1 

-50 ,_,_~~----,,,~~---~-.,.,___-~_,_,_~~~ 
-50 -30 -10 10 30 X(cn J 

PIie. 2. CxeMa pacnono)I(eHlI.!1 cenzyMHbIX o6MOTOK: 

1 - cenTyMHbill coneHOlI,11; C MarHIITHbIM 3KpaHOM, 2 - TpattcnopTI1pOB0'1HbIH Kattan 

.nJUI BBO,na 3neKTIJOHttoro nyqKa, 3 - Kattan ,nJUI Bhmo.na unpKynnpywmero nyqKa, 4 -

Kattan paBHOBeCHOH op6HTI,I UlipKynnpyromero nyqKa, 5 - Kattan ,nn.!I BBO,D;a 

no3lITIJOHHOrO nyqKa, 6 - Kattan ,nn.!I BbIBO,D;a 3neKTpOHHOro nyqKa, 7 - cenTyMHbie 

o6MOTKH, qiopMHpyromne nonepe'IHOe MarHlITHOe none, 8 - ClinOBI,Ie nIIHHH 

MarHlITHOro non.!!, cqiopMHpoBaHHOro cenTyMHbIMII o6MOTKa.MlI. 
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Bru<yyMHall Ka.Mepa BH)'Tpll ceIIT)'MHbIX o6MOTOK coeTOIIT HJ HeCKOJibKIIX 

OT,neJibHbIX KaJiaJIOB, KOTOpble paerroJiaraIOTCX B Tpex rrapaJIJieJibHbIX ropHJOHTaJibHbIX 

IIJIOeKocrnx (pile. 3.). B Me,nllaJIHOll IIJIOeKoern pacrronaraeTex KaJiaJI paBHOBeCHoi1 

op6IIThl .nnx IIIIPKYJIIIpyromero II)"IKa, HarrpaBJieHHblll rrapaJIJieJihHO OCII eeiiryMHOro 

coJieHoJI,na. 

3 

2 

PIIe. 3. CxeMa pa.3MemeHIIX TpatterropTIIpoBoqHhIX KaHaJIOB BHYTPII cerrzyMa: I - KaHaJI 

BbIBO,na 3JieKTpOHHOro II)"IKa, 2 - KaHaJI BBO,na 3JieKTpOHHOro II)"IKa, 3 - KaHaJI ,nJIX 

JIH)KeKIIIIII IIO31ITpOHHOfO rryqKa, 4 - KaJiaJI IIIIPKYJIIIpyromero rryqKa, 5 - KaHaJI .nJIX 

BbIBo,na IIIIPKYJIIIpyromero II)"IKa. 

BbIIIIe Me,nIIaJIHOll IIJIOCKOeTJI Haxo,nsi:TCX KaHaJibI IIH)KeKIIIIII IIOJIITpOHHOro 

rryqKa II BbIBO,na 3JieKTpOHHOro, OHII paeIIOJIO)KeHbl BHyTpll BepxHei1 cerrTyMHOll 

o6MOTKII. HH)Ke Me,nIIaJIHOi1 IIJIOCKOeTII II BffYTPII HJI)I(Hei1 ceIIT)'MHOll o6MOTKII 

paerroJIO)KeH KaJiaJI BBO,na 3JieKTpOHHOro rryqKa. B peJyJibTaTe cyrreprrOJIIIIIIII 

MarHJITHbIX IIOJiei1 ceIIT)'MHbIX o6MOTOK II IIOJIX ceIITYMHOrO COJieHOH,na CIIJIOBall 

JIIIHHX eYMMapHoro MarHIITHOro IIOJIX IIMeeT TOT )Ke yroJI HaKJIOHa K rrpo,nOJibHOll OCH, 

~o II BaKYYMHbie Ka.Mepbl ,nJIX BBO,na II BbIBO,na II)"IKOB. B BepxHei1 o6MOTKe eHJIOBall 

JIIIHHX HarrpaBJieHa OT BHenrnei1 CTOpOHbl HaKOIIIITeJIX KO BHyTpeHHei1, B HII)I(Hei1 

IIJIOeKoern - B rrpOTIIBOIIOJIO)KHOM HarrpaBJieHJIII. B pe3yJibTaTe, rroeJie npoxo)K,neHIIX 
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eeIIT)'MHbIX o6MOTOK rryqoK IIOJIITpOHOB IIJ IIH)KeKTOpa OKa.JbJBaeTCX HM paBHOBeeHoi1 

op61ITOi1 HaKOIIIITeJIX, a II)"IOK 3JieKTpOHOB lI3 3JieKTpOHHOi1 IIYIIIKII rro,n paBHOBeeHoi1 

op6HTOi1. ,[(Jix peaJIHJau1m TaKOll exeMbl IIH)KeKIIIIII 6bIJIII pa.3pa60TaHbl II 

IIJfOTOBJieHbI cerrT)'MHbie o6MOTKII, KOTOpbie IIOJBOJIXIOT rrpHBecrn JIH)KeKTHpyeMhie 

II)"IKII Ha paccTOXHIIe npHMepHO 6 CM BblIIIe IIJIII HH)Ke paBHOBeeHoi1 op61ITbI. 

.[(Jix reHepaIIIIII IIOTOKa aTOMOB IIOJIITpOHIIX Heo6xo,n1IMO COBMeCTIITb 

o,nHoo6opoTHblll OXJI~ruomIIi1 II)"IOK 3JieKTpOHOB C IIIIPKYJIIIPYIOIUIIM IIOJIITpOHHbIM 

II)"IKOM. B HaKOIIHTeJie C rrpo,noJihHbIM MarHHTHbIM IIOJieM, IIJ-Ja paBeHeTBa Mace 

IIOJIITpOHa II 3JieKTpOHa, eOBMemeHHe II pa.3Be,neHIIe rryqKoB XBJIXeTCX ,noeTaToqHo 

eJIO)KHOi1 rrpo6JieMoi1. CBe,neHIIe II pa.3Be,neHHe II)"IKOB 3JieKTpOHOB II IIOJIITpOHOB B 

BepTIIKaJibHOM HarrpaBJieHIIII B HaKOIIIITeJIXX C rrpo,nOJibHblM MarHIITHbIM IIOJieM MO)KeT 

6brrh oeymeeTBJieHO Ja eqeT ueHTpo6e)KHOro ,npei1cpa 3JieKTpOHOB B TOpoH,naJibHbIX 

eeKIIIIXX. 

ITpH ,nBII)KeHIIII Japx)KeHHOll qaeTIIIlbl B TOpOH,naJibHOM COJieHOH,ne, BOJHIIKaeT 

IIeHTpo6e)I(Hbii1,npei1cp. ,[(pei1cpOBall CKopoeTb V4 paBHa: 

pcV [B0 xR] 
Vd= .e........=----=, 

eB0 R B0 R 

1vdl= Av 
R 

(I) 

a ee HarrpaBJieHHe orrpe,neJIXeTcx BeKTopHbIM rrpoIIJBe,neHIIeM [B0 x R] c yqeTOM JHaKa 

Japx,na e. 3,necb p - IIMrryJibe qacTIIIlbI, e - ee Japx,n, V - ee rrpo,nOJibHall CKOpOCTb, c -

eKopOCTb CBeTa, R - PMIIye Kp1IBII3Hbl op61ITbl B TOpoII,naJibHblX eeKIIIIXX, Bo 

JHaqeHHe npo,nOJibHOro MarHIITHoro IIOJIX, PL - pa,nHye JiapMOpOBCKOfO BpameHHX: 

pc 
PL=-. 

eB0 

(2) 

<l>opMyJihl (I, 2), II Bee rroene,nyromHe B ,naJIHOll pa6oTe JarrHeaHbl B rayccOBOi1 

e11eTeMe. 

B IIOJie TOpoH,naJibHOro COJieHOII,na qaeTHIIa ,nBII)KeTCX rro.n yrnoM a K CIIJIOBOll JIIIHIIII, 

KOTOpblll paBeH: 

V4 _PL. a=V- R 
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BenlI'IIIHa BepTlIKaJibHOfO CMemeHml 'laCTlII~bl B TOpon,narrbHOM coneHon.ne L1' 

Bb13BaHHOro u;eHTp06e)l(HbIM .npeihpoM, He 3aBlIClIT OT pa.nnyca noBoporn lI 

onpe,neJUieTCH Bbipa)KeHneM 

L1 =rpp L (4) 

r.ne <p - yron noBoporn, a HanpaBneHne .npeiiqia onpe,neJUieTcH 3HaKoM 3apH,na 'laCTlIUbl. 

B Topax .rlJUI KOMneHcau;m1 ,npeiiqia u;ttpKynnpyiomero Ha paBHOBecHoii op6nTe ny'!Ka 

npttKJia.rlbIBaeTCH .nononHnTenbHOe .nnnonbHOe MarHHTHOe none, 3Ha'leHne KOTOporo 

BbendPaBHO 

B 
pc PL 

bend = - nnn Bb,nd = -Bo 
eR R 

(5) 

,nononHnTenbHOe nOBOpOTHOe none, KOMneHcnpyiomee .npeiiqi n03lITpOHOB, 

y,nBanBaeT BepTlIKaJibHOe CMemeHlIH ::meKTpOHHOro ny'!Ka, lI npH yrrre noBopoTa 

paBHOM 1t BenlI'llIHa CMemeHHH COCTaBnHeT 21tpL, ITptt :meprnn ::meKTpOHOB n 

n03HTpOHOB E = 10 K:JB CMemeHHe :meKTpOHHOro ny'!Ka no BepTlIKaJill Ha 

TOpon,narrbHOM y'!aCTKe 6 CM o6ecne'lnBaeTCH npn npo,nonbHOM MarHlITHOM none 

Bo = 400 re. Tpe6yeMaH BenH'IHHa CMemeHlIH onpe,neJUieTCH KOHCTpyKu;neii cenTyMa. 

.nnH qiopMlipOBaHlIH ycTOH'llIBOrO .rlBlI)KeHHH B HaKOnlITene C npo,nonbHbIM 

MarHlITHbIM noneM BBO.rllITCH .nononHlITenbHaH CTennapaTOpHaH o6MOTKa ( cnnparrbHblll 

KBa,npynonb ). B HaKonnTene LEPTA ncnonh3yeTCH cnttparrbHbIH KBa,npynonb 

opnrnHaJibHOH KOHCTpyKD;lill. B OTnlI'IHe OT KBa,npynonbHblX o6MOTOK, 

ncnonb30BaBIIIHXCH Ha ,npyrnx CTennarpoHax, cnnparrbHblll KBa,npynonb, 

ycrnHoBneHHbiii B HaKOIIHTene LEPTA (pnc. 4.) B Ka)K.rlOM ce'leHHH noBTOpHeT 

reoMeTpmo 6e3)Kene3HOH «nHH3bl IlaHOqJCKOfO)) KBa.npaTHOro Ce'leHlIH. 

,nocTOlIHCTBOM TaKOH KOHCTpYKUlIII HBnHeTCH noCTOHHCTBO rpa,ntteHTa nonH no 

pa,nttycy B npe,nenax aneprypbI. qttcneHHoe Mo.nenttpoBaHtte noneii noKa3bIBaeT, 'ITO 

BenH'IHHa OTHOCHTenbHOfO lI3MeHeHHH rpa,ntteHTa nonH Ha pa3Mepax ny'!Ka MeHe 1 %. 
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Pttc. 4. CnttparrbHblll KBa,npynonb, no,nroTOBJieHHblll .nnH ycTaHOBKH B HaKomnenb. 

BIITKlI KBa,npynonbHOH o6MOTKII HaJIO)KeHbl Ha KBa,npaT co CTOpOHOH - 12 CM. 

rJiaBa 2 noCBHmeHa onIICaHIIID .rllIHaMlIKII u;IIpKynttpymmero ny'IKa B 

,npeiiqJOBOM np116nJI)KeHlIII. ,npeiiqioBoe nptt6n11)KeH1Ie aHaJIII3HpyeT noBe,neHne OCII 

napMOpOBCKOH cn11parrtt, OTHOCil:TenbHO KOTopoii BpamaeTCH 'laCTHD;a. OHO OCHOBaHO 

Ha ycpe,nHeHHII .rlBJI)KeHJIH 'laCTIIU no 6blcTpoii napMOpOBCKOH 'laCTOTe BpameHIIH. 

,npe:iiqJOBOe np116n11)KeHHe MO)KHO Hcnonb30BaTb B cny'lae, ecnII frev << Ii ifrev -

'laCTOTa o6pameHJIH ny'!Ka, /L - napMOpOBCKaH 'laCTOTa) 11n11 ,nnH OT,nenbHbIX 

3neMeHTOB HaKOnIITeJUI, ,nn11Ha KOTOpbIX L,lement >> 2rcpl, 

.nBJI)KeHJie 'laCTllll; B Ka)K,nOii ceKD;lIII HaKOnIITenH MO)KeT 6bITb onIICaHO 

Marp11u;eii, KOTOpaH npeo6pa3yeT KOop,nIIHaTbl u;eHTpa «napMopOBCKOro KPY)l(Ka» OT 

BXO,na K BbIXO,ny. B 3TOM nptt6n11)KeHIIll MaTpttu;a npHMOnJIHeHHOro coneHOH.rla 

HBJUleTCH e,nJIHII'IHOH, T.K. OH He MeHHeT nono)KeHIIH u;eHTpa BpameHHH 'laCTIID;bl. 

Marp11u;a Topon,narrbHOro coneH011.na JIMeeT BII,n: 

M~ =[e(;,) ~] (6) 

r.ne 0 yron noBoporn 'laCTlID;bl B HeM. 3neMeHT B neBOM HJI)l(HeM yrrry MaTpIID;bl 

onJICbIBaeT u;eHrpo6e)l(Hblll .npeiiqi ,nnH 'laCTHU, OTKJIOHHIDIUIIXCH OT paBHOBeCHOH 

op6IITbl. ITpe,nnonaraeTCH, 'ITO ,nnH paBHOBeCHOH 'laCTIID;bl .npeiiqi CKOMneHCHpOBaH 

COOTBeTCTByKllUlIM nOBOpOTHbIM noneM. 

,nnH y'!eTa ,npeiiqia B Tope, B cny'lae, ecnII nOBOpOTHOe none OTCyTCTByeT, HJIII 

CKOpOCTb 'laCTIIll;bl OTKnOHHeTCH OT pac'leTHOH (B 3TOM cny'lae BenJI'IJIHa CMemeHIIH 

13 



nyqi<a B BepnIKaJihHOM Hanpaanemrn He 3aBllCllT OT KOop.zurnaT qacTllU Ha Bxo,ne B 

TOp), B MaTPllUY (6) MOlKHO llCKYCCTBeHHO BBeCTII TPeTllll CTOn6eu, ::meMeHThl 

KOToporo no3BOIDIT yqecTh cMemeH11e nyqi<a KaK uenoro np11 nponeTe Topa: 

[ 

1 o ox] 
M 10, = 0( ~) 1 o y , 

0 0 1 

(7) 

3_nec1, oy = pO B cnyqae, ecn11 noaopornoe none B Tope OTcyTcrnyeT. Ecn11 JKe OHO 

npllCyTCTByeT, HO He TOqHo KOMneHCllpyeT .npeiiq>, 3TOT 3IleMeHT n03BOmreT 

q>aKT~eCKll yqeCTh onrn6KY q>opMiipOBaHmI paBHOBeCHOll op6llThl, 11 TQqHO TaKllM JKe 

o6pa30M ox Il03B0JUleT yqeCTI, Ollll6Ky no ropmOHTaJihHOll Koop,nllHaTe x. 

)viH KBa,npynomr MaTP11ua npeo6pa3oBaHllJI coorneTcrnyeT npeo6pa30BaHllIO 

KOop,n11HaT CllilOBOll IlllHllll MarHllTHoro nom1 B HeM 

( 
cos ks sin ks) 

MQ= 
-sinks cosks I 

M cos s 
2 
0 

(~ -k) 

M
sin ~ r -B[s 

0 

0 

(~ +k) 

M
sin~ f' -B[s 

0 

0 

M ., 
cos s 

2 
0 

. (8) 

MaTP11ua Kon1,ua M,;ng, cocrnaneHHM m MaTPllU ::meMeHTOB, napaMeTPmyeTCJI 

CTaH,napTHhIM o6pa30M, HO napaMeTPbI Ta11cca B HameM cnyqae OilllCblBaIOT He 

nonoJKeHlle ::mmrnca <l>noKe Ha q>Moaoii nnocKOCTll, a qiopMy nonepeqHoro ceqeHllJI 

nyqKa. B .npeiiq>OBOM np116n11JKeHllll cne,ncTBlleM TeopeMbl n11ya11nm1 JIBil.lieTCJI 

coxpaHeHHe nnoma.nn nonepeqfforo ceqeHllJI nyqKa. 

B ,npeiiq>OBOM np116nHlKeHHll npoae,neH aHaJill3 ycTOHqHBOCTll BpameHHJI nyqKa 

KaK uenoro OTHOCHTen1,Ho ocn KBa,npynom1, paccqHTaHa q>opMa nonepeqHoro ce'IeH11JI 

nyqKa BO Bcex :meMeHTaX HaKOilllTellJI. 
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t 
) 

I 
1 
l 
f 
l 

TpeTbH rJiaBa co,neplKllT MeTO,nllKll Ii pe3yilLTaThl TeCTllpoBaHll.lI OT,nenhHhIX 

3neMeHTOB HaKOilllTenJI. 

,LviJI TeCTllpOBaHll.lI cxeMhl llHJKeKUllll cenTYM 61,rn co6paH BMeCTe c KllKepOM, 11 

OHll 61,m11 ycTaHOBileHbl B cenTYMHOM coneHoll,ne B llITaTHOM nonoJKeHllll. Ha BhIXo,ne 

TecmpyeMhIX KaHaJIOB cenTYMa 61,m11 ycTaHOBileHbl IllOMllHecueHTHbie 3KpaHhl. K 

KllKepy 61,ma np11coe,n11HeHa 3IleKTPOHHM nyrnKa CllCTeMbl 3IleKTPOHHoro 

oxnaJK,neHllJI. IIyrnKa pacnonaraJiac1, BHYTPll caoero coneH011,na. OHa no3BOnJina 

llHlKeKTIIpOBaTh nyqoK B HanpaaneHllll npomaononOlKHOM llTaTHOMY (B pe3yn1,TaTe 

BhIXO,n TeCTOBoro nyqKa COOTBeTCTBOBaJI BXo,ny nyqKOB B illTaTHOM pelKllMe, p11c. 5.). 

2 

5 
6 

Pnc. 5. TeCTHpOBaHlle cxeMbl HHlKeKUllH: 1 - nonoJKeHHe 3IleKTPOHHOll nyrnKH npll 

TeCTHpOBaHllH llHlKeKQllOHHOro KOMnneKca, 2 - KHKep, 3 - TeCTllpyeMbie KaHaJihl 

cenTYMa, 4 - nonoJKeHlle IlIOMllHOq>opa Ha Bxo.ne B KaHan HHlKeKQllll Il03llTPOHHOro 

nyqi<a, 5 - nonoJKeHHe IllOMHHOq>opa Ha BXO,ne a KaHaJI paBHOBeCHOll op6llThl, 6 -

nonoJKeHHe IllOMHHoq>opa Ha BXO,ne B KaHan ,nJUI BBO,na 3neKTPOHHOrO nyqKa, 7 -

nonoJKeHne ,nnaq>parMLI Ha axo.ne B KHKep, 8 - nonoJKeHHe ,nnaq>parMLI Ha BLIXO,ne H3 

KllKepa. 
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IlylIJKa pa6ornna B HMnyJihCHOM pe'limMe. IJyqoK HHJKeKTHpOBaJICH B KHKep, r,ne 

no.n ,neil:cTBHeM ropH30HTaJibHOfO 3JieKTpHqecKoro nOJIH OH CMemancH B BepTHKaJihHOM 

HanpaBJieHHH BBepx HJIH BHH3 B 3aBHCHMOCTH OT 3HaKa HanpHlKeHHH, npHJIOlKeHHOro K 

nJiaCTHHaM KHKepa. Ilpo,nOJibHOe MarHHTHOe noJie C03,naBaJIOCb COJieHOH,naMH. cenTyMa 

H nylIIKH. 

B pe3yJihTaTe MeXaHHqecKOH lOCTHpOBKH cenTyMa H no,n6opa TOKa B 

cenTYMHhIX o6MOTKax y,nanoch, MeHHH TOJibKO HanpHlKeHHe Ha nJiaCTHHaX KHKepa, 

,no6HTbCH npoxoJK,neHHH TOKa OT nylIIKH K KaJK,nOMY H3 Tpex JIIOMHHOq>OpOB (no 

oqepe,nH) np1I q>HKCHpoBaHHOM TOKe cenTYMHhIX o6MOTOK. 

BalKHhIM pe3yJibTaTOM 6bIJIO TO, qTo npOXOlK,neHHe nyqKa no KaHany 

paBHOBeCHOH op6HThl He 3aBHCeJio OT 3HaqeHHJI TOKa B cenTYMHbIX o6MOTKax, qTo 

no,nrnepJK,naeT OTCyTCTBHe BJI1IHH1IH pacceHHHhIX IlOJieii cenTyMHhIX o6MOTOK Ha nyqoK 

B 3TOM KaHane. Pe3yJihTaTbI TeCTHpOBaHHH Il03BOJIHJI1I HaCTpOHTb HHlKeKIIHOHHbIH 

KOMITJieKC H Il0Ka3aJI1I pa6oTocrroco6HOCTb rrpe,nJIOlKeHHOH cxeMbl HHlKeKIIHH . 

.ll:JIH o6ecrreqeHHH ycToiiqHBOCTH IIHPKYJIHpyIOmero nyqKa B HaKOilHTeJie c 

rrpo,nOJihHbIM MarHHTHhIM rroJieM cnHpaJibHh!H KBa,npynOJib ,nOJilKeH IlOBOpaqHBaTb 

nyqoK KaK IIeJioe BOKpyr OCH KBa,npynoJIH. YroJI noBopoTa rryqKa B KBa,npynoJie 

nporropIIHOHaJieH KBa,npazy rpa,nHeHTa MarHHTHOro IlOJIH B HeM: 

G2 
L1<p "' QoL, Qo = --2 

2kB0 

(9) 

r,ne G- rpa,nHeHT MarHHTHoro noJIJI, k=l/11, h - lllar cnHpaJibHOCTH KBa,npyrroJIJI, L -

ero ,nJIHHa. 

TeCTHpOBaHHe KBa,npyrroJIH rrpOBO,nHJIOCb HMITYJihCHbIM 3JieKTpOHHhlM rryqKOM 

,nHaMeTpOM 13 MM. Ha IlyTH rryqKa npe.n KBa.npyrroJieM 6brna ycTaHOBJieHa ,nHaq>parMa 

c .llBYMH OTBepcTHHMH ,nHaMeTpOM 1,5 MM, pa3HeCeHHhlMH no BepTHKaJIH, c 

paccTOHHHeM MelK,ny HHMH 10 MM. TaKHM o6pa30M, ,nHacpparMa cpopMHpOBaJia .nBa 

TOHKHX Jiyqa. TioJIOlKeHHe nyqKOB IlOCJie rrpoxoJK,neHHH KBa,npyrroJIH Ha6JIIO,llaJIOCb Ha 

JIIOMHHecueHTHOM 3KpaHe. O,nHH H3 HHX BhIBO,llHJICH KOppeKIIHHMH rrorrepeqHoro IlOJIH 

Ha OCh KBa,npyrroJIH, a yroJI IlOBOpOTa BTOporo (/J H3MepHJICH B 3aBHCHMOCTH OT TOKa 

KBa,npynoJIH (pHC. 6.), norpelIIHOCTb H3MepeHHH yrna He npeBhllllaJia 5°. 
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3KcnepHMeHTaJihHbie pe3yJihTaTbl HaxO,nHTCH B xopollleM COOTBeTCTBHH C 

TeOpeTttqeCKOH 3aBHCHMOCTblO (9). 
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ToK KBa,npynoJIH, A 

PHc. 6: 3aBHCHMOCTb yrna IlOBOpoTa nyqKa OT TOKa KBa,npynoJIJI; npo,nOJihHOe 

MarHHTHOe noJie Bo (I'c) paBHO 533 (1), 400 (2), 267 (3). 

.ll:JIH npoBepKH TpaccHpOBKH op61IThI o,nnonpoJiernoro 3JieKTpOHHoro nyqKa 

HaKOilHTeJih 6bIJI co6paH (p1IC. 7.), 3JieKTpOHHaH IlYlIIKa ycTaHOBJieHa B lIITaTHOe 

IlOJIOlKeHHe, a B KaHaJI ,nJIJI Bh!BO,na o,nHonpoJieTHOro 3JieKTpOHHOro nyqKa C1ICTeMbl 

3JieKTpOHHOro OXJiaJK,neHHH ycTaHOBJieH JIIOMHHOq>op. TpaCCHpOBKa op61ITbl 

3JieKTpOHHOro IIyqKa CHCTeMbI 3JieKTpOHHOro OXJiaJK,neHHH 6brna npoBe,neHa B 

HMnyJihCHOM pe'limMe. 
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~8 

Pnc. 7. CxeMa TpaCCHpOBKH op6HTI,I IT)"IKa CHCTeMbl :meKTpOHHOro OXJIIDK.L(eHH.!I: l -

:meKTpOHHM ITynIKa, 2 - ITOJIO)KeHHe BepTHKaJihHOH H ropH30HTaJihHOH KOppeKUHH 

IT)"IKa Ha BXOAe B ceITTYM, 3 - AHa<pparMa Ha BXOAe B KHKep, 4 - AHacpparMa Ha BhIXOAe 

H3 KHKepa, 5 - ITOJIO)KeHHe BepTHKaJihHOH H ropH30HTaJihHOH KOppeKIIHH Ha BXOAe B 

TOP, 6 - ITOJIO)KeHHe BepTHKaJihHOH H ropH30HTaJihHOH KOppemnil: Ha BXOAe B 

ITp.!IMOJIHHeil:Hyro ceKIIHJO, 7 - BepTHKaJihHM ITHKaIT-CTaHIIH.!I, 8 - CITHparrbHhIH 

KBMPYITOJih, 9 - ropH3OHTaJihHM ITHKaIT-CTaHIIH.!I, 10 - ITOJIO)KeHHe BepTHKaJihHOH H 

ropH3OHTaJihHOH KOppeKUHH Ha BhIXOAe II3 ITp.!IMOJIHHCHHOH ceKIIIIII, 11 - ITOJIO)KeHIIe 

BepTIIKaJihHOH H ropH30HTaJihHOH KOppeKIIHH Ha BXOAC B ceITT}'M, 12 - ITOJIO)KeHHe 

AIIa<pparMbl Ha BXOAe B ceITTYM, 13 - ITOJIO)KeHIIe JIIOMIIHO<popa. 

B pe3yJihTaTe, 61,mn ITpOBepeHbl BCe KaHarrhI CeITTYMa, OITpeAeJieHbl ITapaMCTphl 

Koppemnil:, a TaK)Ke 3Ha'leHH.!I TOKOB, cpopMHPYJOIIIHX ITOBOpOTHoe ITOJie B Topax. 

HaITpaBrreHHe ITOBOpOTHOro ITOJI.!I B Topax coorneTCTBOBaJIO KOMITeHCaIIHH 

IIeHTpo6e)KHOro Apeil:cpa AAA ITO3HTpOHOB. 

B qeysepTOii rJiaBe ITpHBOAHTC.!I MeTOAHKa <popMHpOBaHH.!I paBHOBCCHOH 

op6HThl B HaKOITHTerre C ITPOAOJihHhIM MarHHTHhIM ITOJieM H 3KCITepHMeHTaJihHbie 

pe3yJihTaThI. 
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IlpH BhIKJIJO'leHHOM KBMPYITOJie, KOHTpOJIIIpya ITOJIO)KeHHe IT)"IKa ITO 

cerMeHTHhIM AIIa<pparMaM H ITIIKaITaM, C ITOMOIIIhJO KOppeKIIIIH paCITOJIO)KeHHhIX Ha 

KOJibIIe (pnc. 7.) YAaeTC.!I ITOJI)"IHTh HeCKOJihKO o6opOTOB IIHPKYJIHPYJOIIIero IT)"IKa 

(pIIC. 8.). Cnrnarr1,1 OT HeCKOJihKHX o6opOTOB Ha6JIJOAaJOTC.!I ITOCJie BhIKJIJO'leHII.!I 

KIIKepa (MOMeHT BpeMeHH a). 

-
·1 \,,,f , 

' [ : ~ . . ' 
-c(i;~··~. • ~-,··°' ... ::,vktlt·•.~K- M· ... WJl1.: po1~ro."~.: • ......;. 
a.1,u~ 1o£.1 Vldt4.sO£. .,..,,.:~~._ ... ....,.,.... 

r~-=-.1 .1 • r , 1P' 

Pnc. 8. Cnrnarr1,1 c 3rreKTpOAOB BepTHKaJihHOH ITHKarr-cTaHIIHH. Pa:mepTKa 0.5 MKc/Oe!l, 

l!YBCTBHTeJibHOCTh 0.1 B!Oe!l. BepXH.!l.!I KpHBM - cnrnarr C BepxHero 3JieKTpOAa ITHKaIT

CTaHIIIIH, HII)KH.!l.!I - C HH)KHero; a - MOMeHT BhIKJIJO'leHH.!I KHKepa. 

Ilocrre BKJIJO'leHII.!I KBMPYITOJI.!I xapaKTep BJIH.!IHII.!I KoppeKIIHH Ha ITOJIO)KeHIIe 

paBHOBeCHOH op6HThl Mem1eTC.!I. IloBeAeHIIe paBHOBeCHOH op6IIThl ITPH II3MeHeHHH 

KOppeKIIIIH MO)KeT 6hITh HCCJieAOBaHO B Apeil:<pOBOM ITpH6JIH)KeHHH. )];rra 3Toro B 

MaTpHIIY HaKOITHTeJI.!I A06aBJI.!IIOTC.!I MaTpIIIIhI, )"IHThIBaJOIIIHe BJIII.!IHHe KOppeKIIHH: 

M LEPTA = M shiftM to,M shift M QM shiftM ,,,,M shiftM solenoid ' (10) 

[

1 0 &] 
Mshift = 0 1 by , 

0 0 1 

(11) 

rAe Mshift - «MaTpHIIa CMeIIIeHH.!1» n o X, 8 y - KOppeKIIHH op6HThl ITO x n y. 
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BeJmqum,I &, ~ npOli3B0llhHhl li He3aBIICIIMhI /UUI pa3nIIqHhIX MarpIIU, OHII 

)"IIIThIBaIOT BenuqIIHY CMemeHIIH nyqKa KoppeKuueil: B COOTBeTCTBYIOIUIIX ToqKax 

KOnhua (cM. puc. 7.). 

,[(nH onpe)leneHIIH CMemeHIIH paBHOBeCHOil: op6IIThl B n106oil: TOqKe ' KOllhUa 

Heo6XO)l:IIMO IlOCTpOHTh ero MaTpIIUY, HaqIIHaH C 3TOH TOqKu. Toma BeKTOp CMemeHIIH 

op6IIThI B 3TOH TOqKe 6y)leT BhlqlicnHThCH no !pOpMyne: 

LI= (M,;.g - E )-1 
• o, (12) 

r)le LI = (: J - BeKTOp CMemeHIIH paBHOBeCHOil: op6HThl B :noil: TOqKe, M,ing -

BepxHIIll neBhlll 6noK MaTpHUhI KOllhUa MLEPTA pa3MepHOCThIO 2x2, E - e)lIIHliqHaH 

MaTpHUa, 0 - BeKTOp COCTaBneHHhlll II3 )l:Byx BepXHIIX 3neMeHTOB TpeThero CTOn6ua 

MaTpIIUhI KOnhua. IIapaMeTphI 3nnunca <l>noKe OITpe)lenHIOTCH BepxHIIM neBbIM 6noKOM 

MaTpIIUhI KOnhua MLEPTA pa3MepHOCThIO 2x2, a nono)KeHHe ero ueHTpa OITpe)lenHeTCH 

TpeThlIM CTOn6uoM 3TOil: MaTpliUhI. 

B aHanIITliqecKOM BII)le pe3ynhTaThI pacqemB, BhIIIOnHeHHhIX ITO !pOpMyne (12), 

OKa3hIBaIOTCH rpoM03)1:KIIMII, II liX CllO)KHO aHanli3IIpOBaTh. IT03TOMY Ha puc. 9. 

npuBe)leHhI pe3ynhTaTbI qIIcneHHhIX pacqeTOB )lnH HeKOTOpbIX KOHKpeTHhIX 3HaqeHIIil: 

rpMIIeHTa B KBMpynone. 

J,b pIIC. 9. cne)lyeT, qm npII ManOM 3HaqeHIIli rpMIIeHTa G = 7.5 I'lcM 

KoppeKUIIH Ox = 4cM npIIBO)llIT K CMemeHIIIO paBHOBeCHOll op6HThl Ha BenuqIIHy 

f:i.y 6 CM, B TO BpeMH KaK Oy = 4 CM COOTBeTcrnyeT f:i.y 10 CM. Ilo3TOMY )lllH 

nonyqeHIIH paBHOBeCHOll op6HThI B npe)lenax arrepTyphI 3HaqeHIIH rpMHeHTa 

KBMPYilOnH )l:Oll)KHhI 6bITh )lOCTaTOqHo BenHKII, qT06hI CMemeHIIe paBHOBeCHOil: 

op6IIThI, BhI3BaHHOe KOppeKuIIeil:, 6hill0 ITO Kpail:Heil: Mepe He 6onhrne BenIIqlIH Ox li Oy. 

B HarneM cnyqae 3TO G2: 10 fc/cM. 
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PIIc 9. a) l13MeHeHIIe <popMhI noITepeqHoro ceqeHIIH nyqKa II ero nono)KeHIIH Ha BXO)le 

B KBMpynonb (3nnIIIlChI, pacnono)KeHHhie cnpaBa OT OCH y) II Ha BhlXO)le lI3 Hero 

(3MlillChI, pacnono)KeHHhie cneBa OT OCH y) B 3aBIICIIMOCTII OT rpMHeHTa KBMpynonH 

ITPII ropII30HTanhHOll KoppeKUIIII t5x = 4 CM. fpMIIeHT, CBepxy BHli3 7.5, 9, 12, 17 

I'clcM. ax - yron Me)K)ly HarrpaBneHIIeM KoppeKUIIII II HanpaBneHIIeM CMemeHHH 

paBHOBeCHOll op6IIThl IlO)l ee B03)1:eil:CTBIIeM, 'Px - yron ITOBOpOTa nyqKa B KBMpynone. 

6) To )Ke, )lnH BepTIIKMhHOil: KoppeKUIIII oy = 4 CM. fpMIIeHT, cneBa Ha npaBO 7.5, 9, 

12, 17 I'clcM. Ha BXO)le B KBMpynonh (3nnunChI, paCITOllO)KeHHbie BhIIIIe OCH x) II Ha 

BhIXO)le lI3 Hero (3nnIIITChI, pacITono)KeHHhie HII)Ke ocII x). ay - yron Me)K)ly 

HarrpaBneHHeM KOppeKUIIli II HanpaBneHIIeM CMemeHIIH paBHOBeCHOll op6IIThI ITO.n ee 

B03)1:eil:cTBIIeM, <f}y - yron IlOBOpOTa nyqKa B KBMpynone. 

,[(nH nonyqeHIIH ycTOfiqIIBOro )lBII)KeHIIH UIIpKynIIpyIOmero 3neKTpOHHOro 

ITyqKa Ha paBHOBeCHOil: op6IITe HanpaBneHue IlOBOpOTHOro nonH B TOpOli)l:MhHhIX 

CeKUIIHX 6bmO II3MeHeHO Ha npOTIIBOilOllO)KHOe, c uenbIO KOMITeHClipOBaTb 

ueHT06e)KHhlll )lpei1cp /UUI 3neKTpOHOB. Tiocne 3aMhIKaHliH op6IIThI C BKnIOqeHHhIM 

KBMpynoneM B ceHTH6pe 2004 r 6hm OCYIIIeCTBneH !plI3liqecKIIil: nycK HaKOITIITenH 

LEPTA c UIIpKynIIpyIOIUIIM 3neKTpOHHhIM nyqKoM. 
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TeM CaMbIM, cymecTBOBamie B 0,!(HOH CTJ)YKType op6IITbl ,!(ll.ll 0,!(HOIIponeTHOro 

3neKTJ)OHHoro IIyqKa II paBHOBeCHOll op6IITbl ,!(n.ll. UIIpKynupyiomero 3neKTJ)OHHOro 

II)"IKa IIpII II3MeHeHIIII HaIIpaBneHII.ll IIOBOpOTHoro IIOn.ll B Topax, 3KCIIepIIMeHTanbHO 

IIO,!(TBep)l()J;aeT IIpIIHUIIII COBMemeHII.ll <<3aMarHII'IeHHbIX» II)"IKOB 3neKTJ)OHOB II 

II03IITJ)OHOB B HaKOIIIITen.llx C IIpO,!(OllbHblM MarHIITHbIM IIoneM, OCHOBaHHblll Ha 

ueHTJ)06e)KHOM ,!(pefiqie qacTIIU B TOpOII,!(anbHbIX coneHOII,!(aX. 

O,!(HaKO ,!(anbHefirnee IICcne,!(OBaHIIe IIapaMeTpOB MaIIIIIHbl IIOTJ)e6oBano 

yBenuqeHIIe rpa)J;IIeHTa MarHIITHOfO IIOll.ll B KBMPYIIOne. C 3T0ll uenbIO KBMPYIIOllb 

6bm IIepeMOTaH IIpOBO,!(HIIKOM 6onhrnero ,!(IIaMeTJ)a (pIIC. 10.) 

Puc. 10. CIIIIpanbHbIH KBMPYIIOllb, co6paHHbIH Ha BaKyyMHOfi Ka.Mepe. ,ll;nIIHa 

KBMPYIIOn.ll L = 2h II cocTaBn.lleT 1.6 M, r,!(e h = 0.8 M - mar CIIIIpanbHocm. B 

IIOIIepeqHOM ceqeHIIe KBMPYIIOllb - KBa)J;paT co CTOpOHOIO 12 CM. B Ka)l()J;Oll II3 

qeTbipex o6MOTOK TIO 10 BIITKOB, ,!(IIaMeTJ) Me,!(HOll IIIIIHbl 3.5 MM. 

TipII COOTBeTCTBYJOIIIIIX HaCTJ)OUKax IIH)KeKUIIII IIyqKa Ha6nIO,!(aeTC.ll CIIrHan 

He6onbIIIOll aMIIllIITY,!(bl II c qacTOTOll MeHbIIIe qacTOTbl o6pameHII.ll (puc. 11.). 3m 

<<Me)J;lleHHa.ll» qacTOTa COOTBeTCTByeT BpameHIIIO IIyqKa KaK uenoro OTHOCIITenbHO 

paBHOBeCHOll op6IIThl, II ee 3HaqeHIIe OIIpe,!(en.lleTC.ll rpMIIeHTOM IIOn.ll B KBMPYIIOne. 

CIIrHanbl Me)J;lleHHOll qaCT0Tbl C ,!(Byx IInaCTIIH IIIIKaII-CTaHUIIII IIMeIOT 

IIpOTIIBOIIOllO)KffyIO 4Ja3Y, qTQ II0,!(TBep)l()J;aeT BpameHIIe IIyqKa KaK uenoro. 
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Puc. 11. CurnanbI C 3lleKTJ)O,!(OB IIIIKaII-CTaHUIIII: Me)J;lleHH0e BpameHIIe Il)"IKa, 

pa3BepTKa 5 MKc/oeJI. 

Yron IIOBOpOTa II)"IKa, KaK uenoro, 3a. 0,!(IIH o6opoT, qiaKrnqeCKII, .llBn.lleTC.ll 

«Me)J;lleHHbIM» 6eTaTJ)OHHbIM qttCllOM Qslow : 

Q = f,1ow 
slow J, ' 

revolution 

(13) 

,D;n.ll II3MepeHII.ll BpeMeHII )KII3HII UIIpKynupyiomero Il)"IKa Ha 0,!(HY II3 IInaCTIIH 

KIIKepa IIO,!(aBanOCb IIMIIYllbCHOe HaIIp.ll)KeHIIe, KOTOpoe c6paCbIBano Il)"IOK 3a 

aIIeprypy (pIIC. 12.). Cpa3y IIOcne BbIKnIOqeHH.ll KHKepa (MoMeHT BpeMeHII a) 

HaquHaeTC.ll UIIPKYn.llUII.ll II Ha IIpOT.ll)KeHIIe IIpHMepHo 10 MKC Ha6nIO,!(aIOTC.ll CHrHanbI 

OT 0T,!(ellbHbIX o6opoTOB IIyqKa. 3aTeM II)"IOK pacIInbIBaeTC.ll II 3aHIIMaeT Beeb 

IIepHMeTJ) HaKOIIHTen.ll, II II03T0MY OH He Ha6nIO,!(aeTC.ll IIIIKaII-3lleKTJ)O,!(aMII. 3aTeM 

BbIKnIOqaeTC.ll IIYIIIKa (MoMeHT BpeMeHH 6) Ha CIIrnane C IIIIKail-3lleKTJ)O,!(a 

IIpIICYTCTByeT HaBO,!(Ka MIITenbHOCTb IIpIIMepHO 8 MKC, a IIOCne Hee ,!(O II0,!(aqH 

IIMIIYllbCa, «y6IIBaIOIIIero» Il)"IOK (MOMeHT BpeMeHII 8), Ha6nIO,!(aIOTC.ll CHrHanbI OT 

Me)J;lleHHOll MO.ZU,I. O,!(HOBpeMeHHO c IIO,!(aqefi IIMIIYllbCa Ha IInacTHHY KHKepa, c IIHKaII-

3lleKTJ)O,!(a Ha6nIO,!(aeTC.ll CHrnan, aMillllITY,!(a KOTOporo IIpOIIOPUIIOHanbHa TOKY IIyqKa, 

UHPKYnHpyIOmero B 3TOT MoMeHT. 
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Puc. 12. 11MIIYJibC HaIIp1DI(eHHH Ha IIJiaCTHHe KHKepa, «y6uaaiomuii» IlycIOK (Hll)KHAA 

KpllBM) ll CllrHaJI C IIHKaII-3JieKTPOAa (aepXHAA KpllBM). MoMeHT BpeMeHH a) -

BbII<JIIoqeHue KllKepa, 6) - BbJKJIJOqeHHe IIynIKll, 6) - IIOAaqa llMIIYJibCHOro CllfHaJia Ha 

IIJiaCTllHY KllKepa. Pa:rnepTKa 10 MKcloeJI. 

IIapaMeTPbl IIyqKa ll HaKOIIHTeJI», AOCTllrHYTbie B pe3yJibTaTe <pll3HqecKoro 

IIYCKa, IIpHBeAeHbl a Ta6. 2. 

Ta6nm~a 2. Pe3yJihTaThI <pll3HqecKoro IIycKa HaKOIIHTeAA LEPTA. 

IlpOAOJibHOe MarHHTHOe IIOJie, I'c 300-500 

3Heprn» uupKynHpYJOmero IIyqKa, w1B 1- 9 

TOK KBMPYJIOAA, A 32-57 

«MeMeHHOe» 6eTaTPOHHOe qucno 0.1-0.47 

ToK HH)KeKTupyeMoro IIycIKa, MA 10 

Km<p<puuueHT 3axaarn 0.5 

qucno uupKynupYJOmux qacmu 3*101
U 

BpeM» )Kll3Hll ~ 3JieKTPOHOB c 3Heprneii 4 K3B, MC 22 

,l(aaneHue ocTaToqHoro ra3a, Topp 7*10"8 
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MeTOAHKa c6poca UllPKYJillpYJOmero IIycIKa Ha aIIepTypy IIO3BOAAeT He TOJibKO 

ll3MepHTb 3aBllCllMOCTb aMIIJillTyAbI CllrHaJIOB C IIllKaJI-3JieKTPOAOB OT apeMeHll ll, TeM 

CaMbIM, OIIpeAeJIHTb BpeM» )Kll3Hll, HO TaK)Ke OIIpeAeJIHTb IIOJIO)KeHHe paBHOBeCHOii 

op6HTbl IIO OTHOIIIeHHIO K IIllKaJI-3JieKTPOAaM, ,l(AA ll3MepeHHH BJillHHllH KoppeKUllii Ha 

IIOJIO)KeHHe paBHOBeCHOii op6HTbl llCIIOJib3OBaJiacb KoppeKQllH, pacJIOJIO)KeHHM Ha 

BbIXOAe ll3 IIpHMOJIHHeiiHoii CeKUllll, B KOTopoii ycTaHOBJieH KBMpyIIOJib. 8 3TOM 

cnyqae ll3MeHeHHe TOKa KOppeKUllll He IIpllBOAllT K ll3MeHeHHIO IIOJIO)KeHHH 

llH)KeKTHpyeMoro IlycIKa B KBMPYIIOJie. 

Pe3yJibTaThI, IIOJiycieHHbie B IIpouecce OAHOBpeMeHHOro ll3MepeHllH CllrHaJIOB C 

AByx IIap IlllKaJI-3JIJieKTPOAOB (aepTllKaJibHOH ll ropll30HTaJibHOii) IIpll 

<pllKCllpOBaHHOM TOKe KBMPYIIOJIH (Ta6. 3.), IIOKa3bIBaJOT, qrn KBMPYIIOJib apamaeT 

IIycIOK Ha pa3Hblll yroJI B 3aBllCllMOCTll OT IIOJIO)KeHHH TOqKll BXOAa IIycIKa B Hero. 

He3aBllCllMOe ll3MepeHlle yrna IIOBOpOTa IIycIKa OTHOCllTeJibHO OCH KBMPYIIOAA 

cpeAHero 3a HeCKOJibKO o6opOTOB IIycIKa B HaKOII~TeJie IIO MeTOAHKe, OCHOBaHHOil: Ha 

<popMyne (13), IIpH Tex )Ke IIapaMeTPax AaeT aenuquHy <p 90°. Ca»3h Me~y yrnaMH 

(/Jx, (/Jy ll <p OllllCbIBaeTCH paBeHCTBOM: 

q, = ½ (q, X + q, J (14) 

Ta6nuua 3. l13MepeHHbie ll paccquTaHHbie yrnhI IIOBOpOTOB IIyqKa. 

3KcrrepuMeHTaJibHbie Pe3yJihTaThl 

AaHHhie MOAeJIHpOBaHHH 

ax 53u 59u 

(/Jx 74u 62u 

ay 36u 31u 

(/Jy 108v 118v 

rp={, (/Jx + (/Jy )/2 91u 90u 

Xopomee COBIIMeHHe 3KCIIepuMeHTaJihHO ll3MepeHHoro ll paccqllTaHHOro B 

paMKax Apeil:<poaoro IIpll6JIH)KeHHH rrepeMemeHHH paBHOBeCHoil: op6HTbl IIOA 

BJillHHlleM KOppeKQllll IIOATBep~aeT CIIpaBeAJillBOCTb 3TOil: MOAeJill. TaK)Ke 3TH 
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II3MepeHIIH Il03BOllHIOT He3aBIICIIMO onpe~en»Th Me~neHHOe 6eTaTpOHHOe q1Icno II 

onpe~en»Th op1IeHTaQII10 :mn1Inca rrorrepeqHoro ceqeHIIH nyqKa. 

B 3aKJII0'ICHHH II3llO)I(eHbI OCHOBHhie pe3ynhTaThI ~IICCepTaQIIOHHOH pa60ThI. 

BblBO.l);bl 

1. Coopy)I(eH HaKomnenh LEPTA, npe~cTaBnH!OIIIIIil: co6oil: ceKIIIIOHIIpOBaHHhrn 

CTennaTpOH, B KOTOpOM crmpaJibHM KBMpynonhHM o6MOTKa IlOKphrnaeT qacTh 

op61IThI. TaKM cxeMa peanmoBaHa BrrepBhie. 

2. Pa3pa60TaH II npoTeCTIIpOBaH ceTTTYM, BrrepBhie peanmy!OIIIIIH cxeMy BBO~a B 

HaKOillITenh C npo~onhHhIM MarHIITHhIM noneM Il)"IKOB :meKTpOHOB 6e3 

B03MyrueHHH nyqKa, II1IpKyn1Ipy10ruero Ha paBHOBecHoil: op61ITe. 

3. Pa3pa6oTaH II peanlI30BaH 6e3)I(ene3HhIH cn1IpanhHhiil: KBMpynonh, qiopMIIPY!OllIIIH 

ITOCTOHHHhill rpMIIeHT B npe~enax anepTypbI II 06ecneq1IBa!OllIIIH ycTOil:qlIBOCTh 

~BII)I(eHIIH qaCTIIII nyqKa, IIIIpKyn1Ipy10ruero B HaKOillITene. 

4. Ilpo1I3Be~eH qim1IqecKHil: nycK HaKonIITen» LEPTA c rrupKynupyIOIIIIIM 

::ineKTpOHHhIM Il)"IKOM. 

5. BnepBbie Ha HaKOilHTene C npo~onhHhIM MarHIITHhIM noneM 3KCnep1IMeHTaJihHO 

IlO~TBep~eH IlplIHIIHIT COBMerueHHH ~Byx «3aMarHIIqeHHhIX» Il)"IKOB, OCHOBaHHhIH 

Ha rreHTp06e)I(HOM ~peil:qie qaCTHII B TOpOII~aJihHhIX coneHOH~ax. B 3KCnepHMeHTax 

~BII)I(eHHe Il03HTpOHHOro rryqKa MO~enlipOBaJIOCh Il)"IKOM ::ineKTpOHOB, 

IIIIpKynupyIOIIIHX B HaKOilHTene, a op6HTa O~Horrponernoro nyqKa ::ineKTpOHOB 

qiopMHpOBaJiaCh nplI H3MeHeHHH HarrpaBneHIIH IlOBOpOTHOro non» B Topax Ha 

rrpOTHBOITOllO)I(HOe. 

6. Ha OCHOBe rrpeMO)I(eHHOH MO~enu ~IIHaMIIKH qacTHII B ~peil:qioBOM rrpu6nlI)I(emm 

~ HaKOITHTeneil: C rrpo~onhHhIM MarHHTHhIM rroneM Bhipa60TaHhI MeTO~IIKII 

HaCTpOHKH OCHOBHhIX orrTHqecKHX ::ineMeHTOB HaKOITIITen», qiopMHpOBaHIIH 

3aMKHYTOH op6HThl IIHPKYlllIPyIOIIIHX qaCTIIII, rronyqeHIIH ycTOil:quBO 

IIIIpKynupyIOruero rryqKa, ll3MepeHII» 6eTaTpOHHOro qucna. 
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7. Bhrpa6ornHHhre MeTO~IIKII pean1I30BaHhI rrplI nycKe HaKOITIITen» LEPTA u 

3Kcrrep1IMeHTaJihHO IlO~TBep~eHa IIX 3qJqieKTIIBHOCTh. 
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