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B npe.D;W.IU'IQeii pa6oTe asTopa /I/ 6wn npe.D;nolKeH weTo.D; 
ycKopeHBa 'laCTRil B 3JieKTpR'IeCKOM none, B03RRK8.10IQeM 
npa .D;BRlKeHRR warHRTHoro nona s aanpasneaaa, nepneH.D;R
KyJiapHOM TpaeKTOpRR YCKOpaeMWX 'laCTRJl. llpR 3TOM 
nepeMellleHRe warHRTHoro nona o6ecneqasaeTca spallleHReM 
3neKTpOMarHRTOB RnR C noMOIIlhiO MHOrocila3HWX 06MOTOK, 
nRTaeMWX CRMMeTpR'IHOi CRCTeMOi MHOrocila3HWX TOKOB. 
Ha ocaose ,D;aaaoro MeTo.D;a npe.D;nolKeH aoswii ycKopaTenJ. -
RH.D;YKilROHHwi ycKopaTem. c 6erYIQRM nonew. B aacToalllei 
pa6oTe .D;aao onacaaae o,D;aoro R3 sapaaHTOB npe,D;naraeworo 
YCKOpRTena. 

,nns CBa3HOCTR R3nO)I(eHRS B nepBWX Tpex nyHKTaX 
B OCHOBHOM npRBO,IJ;STCS R3BeCTHWe R3 3neKTpOTeXHRKR 
CBe,D;eHRa. 

1. Hli,I.{YKTOP JiBrY.IllBrO MArHHTHOrO 
oo.n.a 

Y CKOPSIOIIliiM 3neueHTOM HOBoro YCKOpRTens asnaeTCS 
RH.D;YKTop 6erYIQero uarHRTHoro nons, aaanorR'IHWi RH.D;YK
Topy, o6w'IHO acnonJ.3ye:wouy B naaeiawx 3neKTPR'IeCKRX 
MaDUIHaX, B 'laCTHOCTR B JIRHeiHWX RH,D;YI<IlROHHWX HaCOCaX 
.D;ns lKH,IJ;KRX weTannos 12/.Ha puc. la npe,D;cTasneaa cxewa 
R3BecTaoro RR.D;yKTOpa 121 - npoToTana npe,D;naraeworo. 
HR,IJ;yKTOp RMeeT ,IJ;Ba DnOCKRX MarHRTODpOBO,D;a 1, paCDO
nO)I(eHHWX ,D;pyr DpOTRB .D;pyra napannenJ.HO DnOCKOCTR 
XY R aweiOIIliiX na3w, napannenJ.awe oca Y , s KOTopwx 
panfellleHw uaorocila3Hwe I o6w'IHo Tpexcila3awe/ o6:woTKR 2. 
GerYIQee uarBRTHOe none so36y)I(,IJ;aeTcs B pa6o'leM 3a3o
pe 3 RH,D;YKTOpa. 
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Puc. 1. CxeMa UHOYK•opa 6ezyJ11eZo MQZHU.HOZO nOAJI /1- a 
aapuaH•/. 

KaK HJBeCTHO I 31, y o6cy)l(~aeMoro HH~YKTopa ecTL 

Cyll(eCTBeHHhiH He~OCTaTOK, o6ycnoaneHHhiH paJOMKHYTO

CTLIO MarHHTOnpOBO~a, a HMeHHO: BanH'IHe ~ pa6o'leM 

Ja3ope, KPOMe 6eryll(ero MarHHTHoro non.11, nynLcHpYJOII(BX 

nonei, npHCYTCTBBe KOTOphiX BeCLMa He)KenaTenLHO. IloJ

TOMY npe~cTaBn.lleTc.ll uenecoo6pa3HhiM c uenLIO HCKnJO'Ie

HB.II nynLCBpyiOII(BX nonei H3MeHHTL MarHHTHYIO CHCTeMy 

HHAYKTopa, c~enaB ee JaMKHYTOH. Ha puc. 16 npHBe~eHa 
cxeMa 1- ro aapuaHTa TaKoro HH~YKTopa. MarHHTonpoao~w 
1 HH~YKTOpa HMeiOT, KaK H B ero npOTOTBne, np.IIMOnHHeH

Hhle yqacTKH. MHoro~JHhle o6MOTKB 2 B npBHUHne Te )l(e, 

'ITO y H3BeCTHOrO HH~YKTOpa. lierymee MarHHTHOe none 

B036y~aeTC.II B JaMKHYTOM pa6o'leM 3a3ope 3. 
Ha puc. 2 noKa3!1-Ha cxeMa 2-ro aapHaHTa B~YKTopa 

6eryll(ero MarHHTHoro non.11. OcHOBHa.ll oco6eHHOCTL 3Toro 

BapHaHTa - nOBOpOT MarHBTHhiX CHnOBhiX nHHBH B MarHHTO

npOBO~e HH~YKTOpa B nnOCKOCTL, nepneH~HKyn.llpHYJO Ha-

4 
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npaaneHHIO ~BIDKeHH.II aonHw. HJBeCTHhl nHHeiHwe JneKTpH

'IeCKHe MaWHHhl c no~o6HhiMH BH~YKTopaMH I 41 .Ha puc. 2 
o6oJHa'leHo: 1 - MarHHTonpoao~. 2 - MHoro~JHa.ll o6-

MOTKa, 3 - pa60'IHH 3a3op HH~YKTOpa, 4 - CKB03HOe OT

BepCTHe B HH~YKTOpe, npe~Ha3Ha'leHHOe ~n.ll npoxo~a ny'IKa 

ycKop.lleMwx 'laCTHU; 1 Ha puc. 26 - nHCThl JneKTpoTex

HH'IeCKOH CTanH HnH nepMannO.II. MarHHTOnpOBO~ HH~YKTopa 
MO)I(eT 6biTL Ha6paH H3 TaKHX nHCTOB TaK, KaK 3TO CXeMa

TH'IHO noKa3aHo Ha puc. 26. MarHHTHhle CHnOBble nHHHH 

B 3a3ope HH~YKTOpa OpHeHTHpOBaHbl no OCH Z , a B Mar

HHTonpoBo~e - no OCH Z, 3aTeM B~OnL OCB Y H On.IITL 

B~OnL OCH Z. 3aMeTHM, 'ITO B 1-M BapHaHTe HH~YKTOpa 
MarHHTHhle CHnOBble nHHBH B 3a3ope TaK)I(e OpHeHTHpOBaHbl 

a 
1 

y 

4 
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Puc. 2. CxeMa UHOYK•opa 6eZyllle2o MQZHU.H020 noAJI /2- a 
aapuaH•/. 
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no OCH Z, a B MarHHTOnpOBO,l{e /ero npJJ.MOnHHeHHOM 

yqacTKe/ - no HnH npoTHB ocH X. 
BTopo:ii sapHaHT HH.l{yKTopa npe.l{nO'ITHTenLHe:ii a Tex 

cny'laJJ.X, KOr.l{a Tpe6yeTCJI o6ecne'IHTL B~COKYID CKOpOCTL 

sonH~ a HH.l{YKTope I 41. MaTepHan MarHHTonposo.l{a .l{OJDKeH 

HMeTL- ManLie noTepH Ha nepeMarHH'IHBaHHe H 6onLWOe 

3Ha'leHHe npoH3Be.l{eHHJJ. fmax • Fl s, r,l{e fma" - MaKCHManLHaJJ. 

pa6o'laJJ. qacToTa MaTepHana, a E
5

- HH.l{YKUHJJ. HaC~ll.{eHHR 
Ha 3TOH 'laC TOTe. 

2. B03EY)J(j:(EHHE EETYlJ!ETO MATHHTHOTO 
IIOJI.H B PAEOlJEM 3A30PE HH):(YKTOPA 

MeTO.l{ B036y)KJJ.eHHR 6eryll.{ero /HnH spall.{aiDll.{erocR/ 

MarHHTHOrO nonR H3BeCTeH 12, 5•61 H 3aKniD'IaeTCR B cne,l{yiD

ll.{eM: ill -!lla3HOH CHMMeTpH'IHOH CHCTeMOH TOKOB nHTaiDT 

ill ·4Ja3HYID 06MOTKy; npH 3TOM OCL (k + 1)- H !lla3HOH 06MOTKH 

CMell.{eHa B npOCTpaHCTBe OTHOCHTenLHO OCH k -:ii 4Ja3HOH 

o6MOTKH Ha yron 2rrlm, a k ~ 1 ,2,3, .,., m -1. 
B 3neKTpoTeXHHKe npeHMyll.{eCTBeHHO HcnonLJyeTcR 

Tpex!llaJHaR CHCTeMa TOKOB H Tpex4Ja3HLie 06MOTKH, H3 

KOTOpLIX HaH6onee npe.l{nO'ITHTenLHOH RBnReTCR .l{Byxcno:ii

HaR o6MOTKa c yKopo'leHH~M war oM I 21 .,lJ;anLHeiiwHe pac

Cy>K.l{eHHR B OCHOBHOM npHBO.l{RTCR npHMeHHTenLHO K TaKOH 

o6MOTKe • lf3secTHO, 'ITO !llopMa KpHso:ii MarHHTHO:ii HH.l{yK

I.{HH B 3a3ope HMeeT !llopMy Tpanei.{HHI 2,S,ol. 06LI'IHO 3TY 

KpHBYID pa3naraiDT B pR.l{ cl>ypLe, H OCHOBH~e rapMOHHKH 

MarHHTHOH HH.l{Y~UHH' 3a3ope ,l{nJI BCeX 
TOK HMeiDT BH.l{ / 2• S, 6 . 

B1 =, E01 cosax, 

2rr 
E 2= E 02cos(ax - 3-), 

4rr ) E 3 = E03cos(ax - 3-

4Ja3HLIX 06Mo-

/1/ 

r,l{e a = rr/ T , T - noniDCHOe ,l{eneHHe 06MOTKH /BenH'IHHa 

2r pasHa ,l{nHHe MarHHTHOH BOnHLI B 3a3ope HH.l{YKTOpa/. 
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MarHHTHaJJ. HH.l{YKUHR E i (i= 1,2,3) B 3a3ope MaKCHManLHa 

no OCH 06MOTKH H no Mepe y.l{aneHHR OT Hee H3MeHReTCR 

no KOCHHYCOH,l{anLHOMY 3aKOHY. EcnH Tpex!lla3HaR 06MOTKa 

nHTaeTCR CHMMeTpH'IHOH Tpex4Ja3HOH CHCTeMOH TOKOB: 

I 1 = I m coswt, 

I 2 = I cos(wt- J~) 
m 3 ' 

/2/ 

I 3 =I cos(wt--~) 
m 3 ' 

TO senH'IHH~ Boi onpe.l{enRIDTCR H3BeCTH~MH COOTHOWe-

HHRMH 

R01 = Emcosu;t, 

Ho2~ Bmcos((,Jt- ~':..) 
3 ' 

Ro
3 

= 13 cos(uJt - _477
) , rn , 

3 

/3/ 

r.l{e B m - MaKCHManLHaJJ. HH.l{YKUHR Ha OCH 06MOTKH, onpe

,l{enReTCR 'IHCnOM aMnepBHTKOB 06MOTKH H B~COTOH 3a3opa 

HH.l{YKTOpa. 

llo.l{cTaBHB s~pa>KeHHJI /3/ s !llopMyn~ I 1/ H s~nonHHB 
npOCT~e B~'IHCneHHJI, nony'IHM !~lop My ny, onHC~BaiOli.{YID 
6eryll.{yiO /spall.{aiDli.{YIDCJI/ MarHHTHYID BOnHy B 3a3ope 

HH.l{YKTopa I 2,S, 6/: 

3 B = E 1 + B 2 + B 3 = Z Bmcos(uJt -ax). /4/ 

B o6ll.{eM cnyqae ,l{n.R m -4la3Hoii o6MOTKH !llopMyna /4/ 
npHHHMaeT BH,l{ 

m 
E = 2Bmcos(wt- ax). /5/ 

cl>aKTH'IeCKH CYTL JIBneHHJI 3aKJIID'IaeTCJI B cne.l{YID· 

ll.{eM 12• 5•6 1. Ka)KJJ.a.& 4ia3Ha.& o6MOTKa so36y)KJJ.aeT nynLcH

pyiDll.{ee MarHHTHoe none, aHanorH'IHOe noJIID B TpaHc!llop

MaTope. llynLCHPYIDll.{ee none MO)I(eT 6WTL pa3nO)I(eHO Ha 

,l{Be BOnH~, 6er}'11.{11X .B npOTHBOnOnO)I(H~X HanpasneHHJIX. 
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CMemeHHe «<la3HWX o6MOTOK B npocTpaHCTBe H 4la3oaw:H 

C.L\BHr TOKOB, nHTaiOII.UIX 3TH o6MOTKH I cMemeHHe Bo ape

MeHHI, o6ecneqHBaJOT B3aHMHoe raweuHe aonu O,I:\Horo 

HanpaaneHH.II H cno)l(eHHe aonu npoTHBonono)I(Horo Hanpaa

neHH.II. 

3. CKOPOCTh BOJIHhl B HH,l(YKTOPE 

dx 
Wa30Ba.ll CKOpOCTL u~- BOnHbl B 3a30pe HH.L\YKTOpa 

dt 

onpe,l:\en.lleTC.II B COOTBeTCTBHH C Bhlpa)l(eHHJIMH 141 Hl51 
I 'I - ( I H3 ycnoBH.II nocTO.IIHCTBa 4la3bl (ut -ax =canst 1 ~, '• >, • 

u = !:.!.._ = 2rf e 

a 161 

.lierymee CO CKOpOCTLIO ;; MarHHTHOe none l:J B036y)l(-_. 
,1:\aeT 3neKTpHqecKoe none E , onpe,l:\en.lleMoe H3BeCTHbiM 
cooTHoweHHeM 17 I 

-:. -) ~ 

E =- ux B 171 

B uaweM cnyqae MarHHTHa.ll aonua pacnpocTpau.lleTc.ll a no

nO)I(HTenLHOM HanpaaneHHH OCH X, BeKTOp MarHHTHOH HH

.L\YKUHH B a aonue opH~HTHpoaau no HnH npoTHB ocH Z, 
a 3neKTpHqecKOe none E BOnHbl - no HnH npOTHB OCH Y . 

B pa6oTax no 3neKTpHqecKHM MaWHHaM o6wquo roaop.IIT 

o MarHHTHOM none, apamaJOmeMc.ll IHnH 6erymeMI a pa6o

qeM 3a30pe, HeCMOTpJI Ha TO, qTo B npHpO,I:\e MO)I(eT cy

meCTBOBaTL TOnLKO e,I:\HHOe 3neKTpOMarHHTHOe none. ~nJI 

3TOrO -eCTL TaKoe OCHOBaHHe. IlpH Manwx CKOpOCTJIX nonJI, 

HCnOnL3yeMbiX B 3neKTpHqeCKHX MaWHHaX, 3HeprHJI 3neKT

poMarHHTHoro nonJI a 3a3ope B ocuoBHOM cocpe,l:\oToqeua 

B ero MarHHTHOH KOMnOHeHTe. 

3neKTpOMarHHTHaJI BOnHa, pacnpOCTpaHJIIOIUa.IICJI B 3a-

30pe HH.L\YKTopa, TononorHqecKH no,l:\o6ua nnocKoii 3neKTpo

MarHHTHoii BOnHe B BaKyyMe B TOM CMWCne, qTo TPOHKa 

BeKTopoa, E, B H ;;, o6pa3yeT npaBOBHHTOBYJO CHCTeMy, 

KaK H aeKTopw f.:0 , B0 H c__,aonuw a aaKyyMe. 
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IlnOTHOCTL nOTOKa 3neKTpOMarHHTHOH 3HeprHH B 3a3ope 

HH.L\YKTopa onpe,l:\enBeTCJI B cooTBeTCTBHH c 17 I H3BeCTHbiM 

Bhlpa)l(eHHeM 

-) -----)> -) ----). 

S ~ Ex H = u · HB, IBI 
T. e. aHanorHqHo CB060,I:\HOH BOnHe BOnHa B 3a3ope HH.L\YK

TOpa nepeHOCHT 3HeprHIO IH HMnynLcl B HanpaaneHHH CBOe

ro ,1:\BH)I(eHHJI. 

MO)I(HO nerKO noKa3aTL, qTo H3BeCTHOe COOTHOWeHHe 

Me)I(.L\y 3neKTpHqecKOH H MarHHTHOH KOMnOHeHTaMH CB0-

60,1:\HOH BOnHhl B BaKyyMe 

' 110 
Eo = \ --- Ho 

t 0 
191 

npeo6pa3yeTCJI K BH.L\Y, auanorHqHoMy 17 I. ~nJI 3Toro 

,1:\0CTaToquo 3aMeHHTL no Ha IYo =P-o no H yqecTL, qTo EolBo: 
---) -) ---) 

E 0 ~-cxB 0 , 1101 
... 

r,l:\e lc I oc 1/v tofL 0 • 

KaK cne,l:\yeT H3 cpaaueHHJI «<lopMyn 171 H 1101, MaK

CHManLHaJI CKOpOCTL BOnHbl B HH.L\YKTOpe MO)I(eT 6WTL pas

Ha CKOpOCTH CBeTa. 06blqHo B 3neKTpHqeCKHX MaWHHaX 

CKOpOCTL U COCTaBnJieT ,1:\eCJITKH- COTHH MeTpOB B CeKYH.L\Y . 

IJpe,I:\CTaBnJieTCJI BeCLMa Ba)I(HbiM BhlJICHHTL TeXHHqecKHe 

B03M0)1(H0CTH nonyqeHHJI 6onLWHX CKOpOCTeii BOnH B HH

.L\YKTOpe. liOnLWHe CKOpOCTH U npe,l:\noqTHTenbHeH B HH

.L\YKTOpax, HCnOnL3yeMbiX B KaqecTBe YCKOpJIIOII{HX 3neMeH

TOB, nOCKOnLKY npH yBenHqeHHH CKOpOCTH u npOHCXO,I:\HT 

nepepacnpe,l:\eneHHe 3HeprHH aonuw Me)I(.L\y 3neKTpHqecKoii 

H MarHHTHOH KOMnOHeHTaMH: 3HeprHJI 3neKTpHqeCKOH KOM

noHeHTbl B03pacTaeT, a MarHHTHOH - na,l:\aeT. 3TO 03Ha

qaeT, qTo npH 0,1:\HOH H ,Toil )l(e nO,I:\BO,I:\HMOH K HH.L\YKTOpaM 

MOII.UIOCTH npHpOCT 3HeprHH Ha e,I:\HHHUY ,1:\nHHhl 6y,l:\eT 

60nLWe B TOM HH.L\YKTOpe, B KOTOpOM CKOpOCTL BOnHhl BhlWe. 

CKopOCTL BOnHhl u B HH.L\YKTOpe MO)I(HO nOBbiWaTL, 

yaenHqHBaJI noniOCHOe ,1:\eneHHe r HH.L\YKTOpa lpa3Mephl HH

.L\YKTOpal HnH noBWWa.ll qacTOTY f nepeMeHHOrO TOKa, nH

TaiOII{ero 06MOTKY HH.L\YKTOpa IHnH ,1:\ena.ll H TO H ,1:\pyroel. 
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Bo3bMeM 3Ha"'eHHe r B npe.11.enax /0,2-:-1,0/ M. )J;nJI BbiJic· 

HeHHJI BOnpoca, KaKHe MaKCHManbHble l.faCTOTbl f B03MO>KHbl 

B HH.li.YKTOpe, no· BH,IJ,HMOMY, ,IJ,OCTa TO"'HO BCnOMHHTb npHHIJ,Hn 

ero pa6oThl /eM. II.2./. Ka>K,IJ,aJI clla3HaJI o6MOTKa HH.IJ.YKTopa 

pa6oTaeT npaKTHl.feCKH TaK >Ke, KaK 06MOTKa TpaHcilcopMa • 

Topa. IJ03TOMY npe,IJ,CTaBnJieTCJI eCTeCTBeHHbiM nonaraTh, 

"'TO MaKCHManbHaJI pa6oqag l.faCTOTa HH.li.YKTOpa 6nH3Ka K 

auanorH•moii: senH"'HHe ,IJ,nJI TpauccllopMaTopa. KaK H3BeCTHO, 

TpaHccilopMaTOpbl MOryT pa6oTaTb npH BeCbMa BbiCOKHX 

qacToTax /uanpHMep, coTHH MT14/, onpe,IJ,enJieMhiX B oc

HOBHOM pa6oqeii: qaCTOTOH MaTepHana MarHHTOnpOBO,IJ,a. 

B uacTOJIIIJ,ee speMJI ocsoeHhl npOMhiWneHHOCThiO clleppo

MarueTHKH /cileppHTbl H MarHHTO,IJ,H3neKTpHKH/ C ManbiMH 

noTepJIMH ua qacToTax B coTHH MT14 H BbiWe /8/npHrO,IJ,Hble 
' 

,IJ,nJI pa6oThl B ycTpoii:cTBax 6onbwoii: MOIIJ,HOCTH. TaKoro 

THna cileppoMarHeTHKH MOryT 6b1Tb HCnOnb30BaHbl B HH.li.YK • 

Topax 6eryllJ,ero MarHHTHoro nonJI. 

Cne,IJ,yeT OTMeTHTh, "'TO BhiCOKOl.faCTOTHble Tpauccllop

MaTOPhl l.faCTO HCnOnb3YIOTCJI6e3 cileppoMarHeTHKa. IJO,IJ,06HO 

TaKHM TpauccllopMaTopaM, HH.li.YKTOphl 6erymero nonJI MoryT 

6h1Tb BblnOnHeHbl 6e3 MarHHTOnpOBO,IJ,a H3 cileppoMarHeTHKa. 

Pe3IOMHPYJI cKa3aHHoe Bhlwe, 3aKni01.faeM, "'TO TeXHH1.fe· 

CKH o6ecne1.fHBaeMble CKOpOCTH U BOnHbl B HH.li.YKTOpe MOryT 

npH6nH>KaTbCJI K CKOpOCTH CBeTa • 

4. HHAYKl{HOHHblH YCKOPHTEJih 
C .IiETYJl!HM HOJIEM 

B 061IJ,HX qepTaX HOBbiH HH.li.YKIJ,HOHHbiH yCKOpHTenh OnH

caH B npe.IJ.hl.li.YIIJ,eii: pa6oTe asTopa/I/. 3.ll.eCh o6cy>K,IJ,aeTCJI 

sapHaHT nHueii:uoro /sepuee, cnHpanhHOro I HH.li.YKD.HOHHoro 

ycKOPHTenJI c 6eryllJ,HM noneM. Ha puc. 3 npe,IJ,cTasneua 

CXeMa yCKOpHTenJI: 1 - HOHHbiH HCTO"'HHK; e+- ny"'OK 

ycKopJieMbiX qacTHD.; 1 ,2, ... , n - ycKopJIIOIIJ,He 3neMeHThl -

HH,IJ,YKTOpbl 6eryllJ,ero MarHHTHOrO nonJI, OnHCaHHble BbiWe 
4 4 

/CM. n.l/, 3- BeKTOp B BOnHbl B HH.li.YKTOpe; U - CKOpOCTb 
4 

3Toii: sonuhl; E - ycKopJIIOIIJ,ee none B HH.li.YKTope. 

HH.li.YKTOpbl Cclla3HpOBaHhl ,IJ,pyr OTHOCHTenhHO ,IJ,pyra TaK, 

"'TO BOnHa B (k+ l)·M HH.li.YKTOpe OTCTaeT OT BOnHbl B k ·M 
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HH,IJ,YKTOpe Ha BpeMJI nponeTa l.faCTHIJ,eH k-ro HH,IJ,yKTOpa 

H 3a3opa Me>K,IJ,Y k ·M H (k+l) ·M HH,IJ,YKTOpaMH. Ha puc. 3 
CXeMaTH"'HO noKa3aHO nono>KeHHe BOnH B OT,IJ,enhHbiX HH· 

.li.YKTOpax OTHOCHTenbHO TpaeKTOpHH YCKOpJieMbiX l.faCTHIJ, 

B Te MOMeHTbl BpeMeHH, KOr,IJ,a l.faCTHIJ,bl BXO,IJ,JIT B ,IJ,aHHbiH 

HH.IJ.YKTOp. 

IlpH BbiCOKHX l.faCTOTaX nepeMeHHOrO TOKa TaKyiO «lla-
3HpOBKY MO>KHO o6ecne1.fHTb nyTeM COOTBeTCTBYIOIIJ,ero Bbl· 

6opa ,IJ,nHH Ka6eneii:, no KOTOpbiM nO,IJ,BO,IJ,HTCJI 3HeprHJI K 

HH.IJ.YKTOpaM, a npH HH3KHX - C nOMOIIJ,biO cila30BpallJ,aTeneii:. 

Pa6oTa ycKOPHTeng npoHCXO.li.HT cne,IJ,yiOIIJ,HM o6pa30M. 

qaCTHIJ,bl H3 HCTO"'HHKa npe,IJ,BapHTenbHO pa3rOHJIIOTCJI B 

ii 

it 

Puc. 3. Cxe,wa AUHeiJHozo 
jcnupaAt.HOZO/ UHc)yKijU
OHHOZO YCKOpu•eAJf C 6e
ZYIIIUM noAeM. 
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3neKTpOCTaTBqecKOM none, npOH~S pa3HOCTh noTeH~BanoB 
nops~Ka 500 KB. B MOMeHT apeMeHB, Kor~a B 3a3ope 
1- ro BH~YKTOpa K OCB YCKOpSIOJ.qeH CBCTeMhl - TpaeKTOpBB 
YCKOpSeMoro nyqKa - no~XO~BT nnocKaS BepillBHa BOnHhl 
c HY:>KHhiM uanpaaneHBeM 3neKTpuqecKoro nons /s~onL 
OCB Y /, HaqBHaeTCS BBO~ qaCTB~ B YCKOpSIOI.QYIO CBCTeMy. 

HH:>KeK~Bs qacTB~ npoB3BOABTcs uenpephiBHO B TeqeHue 
oTpeJKa apeMeHB t 0 , paauoro, HanpuMep B cnyqae Tpex
clla3HOH nsyxcnoHHOH o6MOTKH c yKopoqeHHhiM maroM, 
aenaqaue 

T t ~--t' 
0 6 " 

/11/ 

r~e T ~·l/f , a te- apeMs nponeTa qacTa~aMH 1-ro HHAyK
Topa. fiOCKOnLKy HHAYKTOphl C~a3HpOBaHbl npyr OTHOCH
TenLHO Apyra, TO BBeAeHHhiH cryCTOK qacTH~ 6y~eT nona
~aTL BO BCe nocnenyiDmHe HHAYKTOphl B HY:>KHOe BpeMS H 
6y~eT YCKOpSTLCS. 

Bo3MO:>KHhl nsa pe:>KHMa pa6oThl ycKopaTens: HenpephiB
HhiH, KOr~a Ha BhiXOAe YCKOpHTens cryCTKH YCKOpeHHhiX 
qaCTH~ ~nHTenLHOCTLIO t 0 cneAYIOT C qacTOTOH f nepeMeH
HOrO TOKa, H HMnynhCHhiH, auanoraqHhiH pe:>KHMY pa60TLI 
H3BeCTHhiX nHHeHHhiX YCKOpHTeneH HOHOB. 

~BH:>KeHHe qacTH~ B 3a3ope HH~YKTOpa npOHCXOAHT B 
CKpeJ.QeHHhiX 3neKTpaqeCKOM H MarHHTHOM nomiX, H HX Tpa

eKTOpHH B 3a3opax - yqacTKH TpOXOHA. 0TKnOHeHHe qaCTH~ 
B pa3nHqHhiX HHAYKTOpax nerKO no~cqBTaTL H yqecTL nyTeM 
COOTBeTCTBYIOJ.Qero pacnono:>KeHHS HH~YKTOpOB. 

Cl>oKyCBpOBKa qaCTH~ npOB3BO~HTCS MarHHTHhiMHnHH3a
MB, pacnono:>KeHHLIMH C HeKOTOphiM HHTepaanOM B npoMe
:>KYTKaX Me~y HHAYKTOpaMH /Ha puc. 33TH 3neMeHThl He 
noKa3aHhl/. 

5. OCHOBHME IIAPAMETPM YCKOPHTEJIJI 
C liETYJJ(HM IIOJIEM 

YcKopJIIOJ.QBe nons E B 3a3opax HH~YKTopoa MoryT 
AOCTBraTb 6onhillHX 3HaqeHBH, orpauaqeHHhiX nwllh Benu
quHaMH ~OCTynHbiX B HaCTOJIJ.Qee BpeMJI MOJ.QHOCTeii BhiCOKO-

12 

\ 

t 
i 

1 

qacTOTHhiX BCTOqHBKOB nBTaHBJI B 3neKTpuqecKOB npoqHo
CThiO MHOrOc1Ja3HOB 06MOTKB. 

KBHeTuqecKas 3Heprus T qacTB~ c 3apJI~OM Z Ha 
BhiXO~e yCKOPBTens paBHa: 

n 

T=T +Z· ~E.-e., 
0 j~ 1 I I 

/12/ 

r~e T0 - 3Heprus HH:>KeKTBpyeMhiX qacTB~, E i - ycKopsromee 
none B i - M HH~YKTOpe, £ i - pa3Mep 3TOrO 

4
BBAYKTOpa 

B~OnL HanpaaneHBJI, onpe~enJieMoro BeKTopoM E i. 3Hepre
TBqecKBii pa36poc qaCTB~ ~T/T'He3HaqBTeneH B ycnOBBSX, 

KOr~a MarHBTOnpOBOAhl BH~YKTOpOB He HaChiJ.QeHbl B TeM 
CaMbiM o6ecneqeHO nOCTOJIHCTBO BH.ltYK~BB B B YCKOpSIOJ.Qe
ro nonJI E ua nnocKOH aepmuHe aonHhl; no npe.naapuTenLHhiM 
o~eHKaM, aenuquHa 1'\T/T He npeBhlmaeT 1~. 

AMnnBTYAa S i nnOTHOCTB nOTOKa 3HeprBB B 3a3ope 
- ro HH.ztYKTopa pasHa: 

s = 
i 

1 2 
-uBi, 
Jlo 

/13/ 

rne B i - aMnnuTy,na BH.ztYK~BB a 3a3ope. Ecnu BhiCOTa 
3a3opa - h i , TO MOJ.QHOCTL pi aonHhl B 3a3ope onpe.nenJI
eTcs Bhlpa:>KeHBeM 

1 2 
P. = --uB h e 

I f1 () i j 
/14/ 

fipBpOCT MOJ.QHOCTH YCKOpseMOrO nyqKa B 3a3ope BHAYKTOpa 
cocTaBnJieT aenuquHy 

!\p . = uB. e. I 
e1 1 1 e 

/15/ 

r.ne I e - TOK nyqKa /a OT .nenLHOM crycTKe/. BenBqBBy 
TOKa nyqKa MO:>KHO nonyqBTh B3 ycnOBHS ~pei =rypi, r,ne 
ry - K.n.,n. BHAYKTOpa /.nons MOJ.QHOCTB BOnHhl B BH.ztYKTOpe, 
nepe.naHHas ycKopJieMoMy nyqKy I: 

.!LB.h. · = 1· 1 

flo 
I 

e /16/ 

qBCnO qaCTB~ B cryCTKe B COOTBeTCTBBB C /16/ B /11/ 
paBHO: 
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k 
n=-lt, /17/ 

0 z e 0 

k 6 
19 -1 -1 

r.IJ.e = 0, 24 ·10 a · c , Z - 3ap.&.IJ. ycxop.&e:Mwx qacTH~ 

B e.IJ.HHH~aX 3&p.&.IJ.a 3neKTpOHa. 

B npHBe.IJ.eHHOB Ta6nH~e .IJ.&Hhl .II.JI.R HJIJIIOCTpa THBHhiX 

~eneii o~eHKH napaMeTpos nHHeiiaoro ycxopHTen.& c 6er)'IQHM 

noneM .IJ.n.& cnyqaeB YCKOpeHH.R pa3nH'IHhiX 'I&CT~: npOTOHOB, 

a -qaCTH~ H .IJ.eC.RTH3ap.&.IJ.HhiX HOHOB ypaHa (U(10)). 

HOHhl H3 HCTO'IHHK& nepe.IJ. . BBO.IJ.OM B 1-ii HH.IJ.YKTOp 

pa3rOH.RIOTC.R B 3neKTpH'IeCKOM none - npOXO.IJ..RT B none 

pa3HOCTJ. noTeH~HanoB 500 KB. reo:MeTpH.R HH.IJ.YKTOPOB .IJ.JI.R 

BCeX Tpex copTOB 'I&CTH~ BW6paHa O.IJ.HH&KOBOH: T =1 M, 
h

1
• =0,01 M H f. =0,1 M; ero K.n • .IJ.. 71 =0,1; a:MnnHTY.II.& 

1 ... 

HH.IJ.YK~HH B 3&30pe B =0,2 B·C/M 2f•ecAaf. 
llaCTOThl f nepe:MeHHOrO TOKa BW6paHW H3 ycnOBH.R 

T/6 >te/cM. swpalKeHHe 11/. )].nHTenJ.HOCTH t 0 crycTKOB 

'laCTH~ COCTaBn.&IOT e.IJ.HHH~hl H&HOCeKYH.IJ., MOUVIOCTH pi HH

.IJ.YKTOpOB B Te'leHHe 0Tpe3KOB Bpe:MeHH t 0 - COTHH MB•, 
TOK ny'IKa le B crycTKe - nop.&.IJ.K& COTHH a:Mnep, 'IHCno 

'I&CTH~ no B cryCTKe --10 
12

• 
YcxopHTenJ. pa6oTaeT B HMnyn~ocaow peliCHMe,aHanorB'I

HOM pelKBMY pa60Thl nBHeBHhiX yCKOpBTeJieH BOHOB - BHlKeK

Topos 6onJ.WBX ~BKJIB'IeCKBX ycxopBTeneii. liBcno crycTKOB 

N B BMnyn~oce - 100, qacToTa cne.IJ.OBAHB.& BMnyn~ocos -

1 rl#. llpH 3TOM .IJ.JIBTeJIJ.HOCTB BMnyJIJ.COB t - nop.R.IJ.Ka 

.IJ.eC.RTKOB MBKpoceKyH.IJ., cpe.IJ.HHe MOIJVIOCTB pi HH.IJ.YKTOpOB -

OKOJIO .IJ.eC.RTKa KB•, 'IHCJIO 'I&CTB~ B BMnyJIJ.Ce -1014, B B 

KalK.IJ.OM BMnyJIJ.Ce cryCTKH 'I&CTH~ cne.IJ.YIOT C 'I&CTOTOH f , 
a cpe.IJ.HHB TOK le ny'IKa B HMnyJIJ.Ce COCT&BJI.ReT e.ABBBIUol 

awnep. 
YcxopaiOI.IlRe non.& Ei, xapaKTepB3YIOIIllle npBpocT 3Hep

rHB 'I&CTH~ Ha e.IJ.BHB~Y .IJ.JIBHhl yCKOPBTeJI.R, MOryT .IJ.OCTB

raTJ. 6onJ.WBX 3H&'IeHBH /e.IJ.BHB~ JlB/M/ B B npB~Bne 
MOryT npeBwmaTJ. nOJI.R B B3BeCTHhiX JIBHeiiHWX YC{<OPBTeJI.RX 

HOHos/9/. HaH6onee cymecTseaaoe npeBwymecTBO ycxop•

Ten.& - B _ 6onJ.WOM cpe.IJ.HeM TOKe l e ny'IK& B BMnynJ.Ce o 
BeJIB'IHHa I e npHwepao aa .IJ.Ba nopa.IJ.Ka npeswmaeT cpe.IJ.Hd 

TOK B HMnyJIJ.Ce B3BeCTHhiX JIBHeBHWX yCKOPBTeJieA BOHOB /9~ 
fipB 3TOM .IJ.JIBTeJIJ.HOCTJ. BMnyJIJ.C& t npBMepHO H& nop.R.IJ.OK 

MeHJ.We, 'leM B B3BeCTHhiX. 
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6. KPATKHE BhlBO,Ifhl 

1. llpe.ztJIO:lKeHO ~Ba BapHaHTa HH~YKTOPOB 6erymero 
MarHHTHOrO DOnJI - yCKOpJIIOmHX 3neMeHTOB HOBoro H~YK
UHOHHOrO YCKOpHTenJI. 

2. ITpe.ztJIO:lKeHa cxeMa uosoro nHHeiluoro /cnHpanLnoro/ 
H~YK~Honuoro ycKopHTenJI c 6erymHM noneM H noKa3anw 
ero npeHMymecTBa nepe~ H3BeCTHbiMH nHHeHHWMH YCKO
pHTenJIMH HOHOB. 

AsTop swpa:lKaeT HcKpeHHJOJ06naro~apuocTL B.ll.,lJ;MHT
puescKoMy, H.H.CeMeHJOWKHHY; M.)l;.illacllpauosy, JI.l1.3H
HOBLesy, A.r .Bouq-OcMonoscKoMy, B.H.HnromenKo u 
IT.H.~HnHnnosy 3a none3HWe o6cy~eHHJI. 
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