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• I 

: vfa paccMoi'peHHH AIIHaM~m-1 3apH)KeHHbix· tiacmu B none, HBnmorn;eMCH . 
• .KoMfornauHett · 3ne1<TpoMarHHTHoro H 3neKTpOCTaTHtiec1<or:~ noneii, · cne,D;y- • ' 
•. e-rhl, 'ITO no·Mep~ pocTa ci<op~cTett 4~cTHUbI B cHCTeMe 6yAyT rpynnHpo
BaTbCH H B cpe,D;HeM no BpeMeHH · npoHcxo)inT · nep~KatIKa 3HeprHH n<:>nH 
B 3Heprmo ueHTpa Mace ABM)KeHHHCHCTeMbI. IlpH 3TOM B03MO)KHO yc0ne1me 
3nektpoMarHHTHOH BOnHbI, a npe,D;BapifrenhHOe <pa3HJ)OBaHHe HJJH rpynnHpOo 
BaHHe MOryT· OTCYTCTBOBaTh. B pa6ornl2/ paccMOTpeHo B3aHMO,D;eHCTBHe 

. , nytIKa ,3apmKeHHbIX tiaCTHU C · · BOnHOH,' B036y)K,!l;aeMOH. 3a · C'leT 3HeprHH 
. 3ne1<TpOCTaTHtieCK0ro nonH., 3aKOHOMepFIOCTH (pH3H~eCKHX npoueccoB MO:>K
HO npe,D;CTaBHTb llCXOAH H3 cxeMbl 3KBHBaneHTHoro KOne6aTenbHOro .KOHTY
pa, • 3neMeHTaMH. KOTOporo HBJIHIOTCH ny'IOK. H . o6naCTb. B33.HMO,D;eHCTBHH .. 
B pe3ynhTaTe B3aHMOAettcTBHH nytii<a H B<:>nHbI a cpa3e HnH B 'npoTHBocpa3e ' 
a1hoMaTHtiec1<Ii 

1

06ecnetIHBaeTCH pe:>KHM npeo6pa30.BaHHH 3Heprm1 3~eKTpO-
~ I , , 

MarHHTH0ro no.rm B KHHeTIJ'leCKYIO 3HeprHIO nytIKa · HnH 3neKTpOMarHHTHOe 
• l ' ' 

H3nytieHHe. 
' PaccMOTpHM o6~eMHbIH pe30H3.TOp, o6pa30BaHHblH B o6iiteM cnyqae, 

ABYMH 1<oa1<cHanLHbIMH UHnH~APHtieci<nMH 'o6onotIKaMH, och KOTOpbIX 
• COBna,D;aeT C _OCbIO OZ ' (pHC.1}. O603Ha'IHM 'TO'IKH -B6nH3H 'nepecetieHHH O~H • 
oz C ncmepxHOC~bIO BHernii'ett o6onotIKH qepe3 A H D ' a BHyTpeHHett - qepe:3 
B ·· H C_. B o6nacTH · G . Me)K,!l;y · o6onotIKa·MH C03AaHo 3ne1<TpocTaTHtiec1<oe none . 

• C 3Hepmett onpe,D;eneHHOH aenH'IHHbl H 3a,D;aHHOH nonHpHOCTbIO nomi. IlycT~ . 
. , c·1 - eMKOCTh o6nacrn a J.V)'.e)K,!l;y o6onotIKaMH. qepe3 cHcTeMy npoxoAHT 

nytioK . i3apH:>KeHHbIX qacrnu, 3MHTTHpyeMbIX a TOttKe A, B3aHMOAeiicrnue 
nytii<a c' noneM cocpe,D;oTotieHo B c>KpecniocTH BXOAHOH AB H BbIXOAHOH CD 
o6nacrni% ycTpoiicTBa. O6nacTb BC HBnHeTcH npocTpattCTBOM Apeiicpa, B :i<o2 
. . . 
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Pnc.1. Pe3~>HaTOp c 1<:oaKCRa.JibHbIMH o6ono~KaMH. · 
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P11c.2. IlpHHUHn~anbH~ cxe-

8 Manpeo6pa~O~aHHH3~eprHH: 

1 - •B~JlllOBOA ·AJIH nob;a1111 

. 3aAaroll.{eii CBq·MOil.{HOCTH, 

2 - 38AaJOil.{HH . reHepa!op, ·. 

3 . ....: Tpy6Ka .itpeiiqia, 4 - . 

BHelllHHH 3KpaH pe30HaTopa, 

5' - nHHHH IIOAa'Ill 3neKTPO: 

cTaTH'leCKOH 3HeprHH, 6' ' -

ucro11HH~ · nHT~H, 7 - ica-

. TOA, 8 ....: BbI?C;OAH&ie ycTpoii

cTBa. 

TOpOM nytIOK 3Kpam1poBaH OT' BHeUIHHX noneif. EcJIH 3JieKTpOHHblll ny110K 
HHTeprrpernpoBaTh KaK 6ecKOHetIHyIO noc~enoBaTeJibHOCTb , Bern en RL , , 
KIDKAaR H3 KOTOpbIX BMeCTe C eMKOCTblO IlpHJI'eraromen 

1 
06JiaCTH 06pa3yeT 

nocn.enoBaTeJibHYIO BeTBb · RLC. ,(C -.- 3KBHBaneHTHaH eMKOCTh, cocToHmaa · 
H3 eMKOCTH c1 H eMKOCTH Me:lKny: ny11KoM H rpaHna;aMH ornepcTHH A·n B), 
TO npnxonuM K 3ana11e · o nnccnnaD;HH npenBapnTeJibHO 3anaceHHOtt' Ha eMKO
_,crn. cl 3HepmH B '3aMKHYTOM KOJie6aTeJibHOM KC>HType' R_LC . CHCTeMa 
B u;eJIOM HBJIHeTCH CHCTeMOH C pacnpeneJI~HHbIMH napaMeTpaMH. TOJibKO pa-
6011aa o6naCTb_' AB C 3aKJIIOlleHHbIM B ee,'npenemix 3JieMeHTOM ny11Ka npen~ 
CTaBJIHeTcH KOHTypoM c cocpenoTOt1eHHhIMH napaMeipaMn:· llpn 3TOM B03-

. . ' , . ·. - ' I ' 

6y)I(AaeMhlll B 3TOM ::meMeHTe TOK_ MO)KHO paccMaTpHBaTb no OTHOWeHHIO 
KO BCeMy nytIKY _KaK 'JIOKaJIH30BaIIblll '.1m 3TOM 3JieMeHTe HCTO'IIHHK TOKa. 
Er.i'Ko_crn Koinypa MO)KH~1ctIHTaTh 3aAaHHhIMH: · 1 • 

YcTpOHCTBO AJIH npeo6pa30BaHii°H 3HeprHH IlOKa3aHO Ha pHc.2, a era 
3KBHBaJieHTHaH 3JieKTpHll~CKaR CXeMa - Ha pHc.3. B CXeMe Ha p~c.3 pe30· 

· HaHcHaH o6nac;b RLC c cocpenoTotieHHhIMH napaMeTpaMH 'H · JIHHHH c pac

np_eneneHHhIMH napaMerpaMn npencTaBJIHIOT ennHy10 JIHHHIO,. Bo36y)I(Aae
My10 Ha Bxone nytIKOM 3JieKTpOHOB.' B KOJie6a-re;:ibHOM RLC -KOHType B pe

' 3YJILTaTe rpynnnpoBKH ny11Ka peaKTHBHhIMH napaMeTpaMH HBJIHIOTCH conpo-' ' . ' ' ' ' 

_ THBJieHHe R. H HHAYKTHBHOCTb nytIKa L . llpH 3TOM 3HeprHH 3JieKTpnqecKoro 
we n MarHHTHC~ro 'wm n~nen 6yneT prurna , ,• 

we =,q;/2C n Wm ~·LJ2 /2: 
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P11c.3. 3KBHBailE!HTHaH 3neKTp1111eCKaH .cxeMa YCTPOHCTBa. 

1, 2 ....:. conpoT~neHn~ ~ HHAy:kT~fBH~CTb Ha BblXOAe mny11a; 
, ' ' ,'. I. , 

Tenn, 3....: HHAYKTHBH~CTb ny_qKa.B pe30HIIHCHOH_ o6naCTH 

RL C c cocpeAoi-011eHH&IMH napaMeTpaMH, 4 - . eMKOCTb 
• .. , , ·• I 

pe30HaHCHOii RL C~o6nacTH c cocpeAOTO'leHHbIMH napaMeT· 

p~MH, 5 - conpcfrmineHHe' pe30HaIICHOH _:o6nacTH R L C C co-
• I ._ ' •• \ • ' 

cpeAOTO'leHHbIMH napaMeTpaMH,' 6, 9 - HHAYKTHBHOCTb nH· 

. HHH C. pacnpe,neneHH!'IMH napa~eTpaMH, 7; 10 .:__ C01:,i,POTHB· 

. ~eHHe nHHHH c pacnpeAeneHHblMH napaJ\1eTpaMH, 8, 11 -

eMKOCTb nnHHH c pacnp~AeneH~bIM_H • napaMeTpaMH, 12 -

eMKOCTb 
I 
HCTO'IHHKa · IlHTIIHHH, · 13 - cory:poTimneHHe HCTO'I· 

'HHKa IlHTIIHHll, 14-:- nCTO'IHllK IlHT~HH, 

.. I 

{ 

· · rne : q - 3apan .·Ha. eMKOCTH, C, J - TOK B 3KBUBaJieHTHOH HHAYKTHBHOCTH 
. •' ' ' . ,, /, . ,.. ., 

. ny11Ka: Co6cTBeHHbie :iwne6aHHH B, KOHType '6e3 IlOTepb-.C IlOCTOHHHbIMH' C 

.H 't B036y)I(AaIOTC::H C 118.CTOTOH Wo = 1 /y ~c . llpH 3,i~M ~OmI~ '3HepmH 
W = W + W .. ·, B KOHType ' RLC . OCTaeTCH HeH3MeHHOH, a npoHCXOAHT JIHillb 

. .e m . _ .· • , , , • . . .. 
ee nepHOAHlleCKaH Tpaiic<pOpMaD;HH H3 3JieKTpHtieCKOH B MarHHTHyIO C llaCT0-

1 • Ton • ~ w
0 

• 1-'faMeHeHHe papaMeTpoB RL conpoBo~aeTcH 3aTpaion pa6oThI 
. BHelllHHX CHJI H npHBOAHT K . H3MeHeHHIO no.irnon · 3HeprHH CHCTeMhI.' EcJIH ' 
11acTOTa rpynrrnpoBKH. coBnanaeT c 11acToT9n RLC -KOIITypa (npn ;TOM 113~ . 

MeHeHHH . o6ycJIOBJieHbl C
0

06cweHHbIMH KOJie6aHHHMH )'' TO B 'cpenHeM 3a' rie- •• 

pHOA 
I 
HaA CHCTeMoii COB,eplllaeTCH pa60Ta H, CJieAOBaTeJibHO~• IlOJIHaH 3HeprHH 

H aMruiHTyna KOJie6aHHft 6ynyT ~OHOTOHHO HapacTaTb. Heo6xo~ttMbIM yCJio-
. ', BHeM B. J:(aHHOM. cny11ae HBJIHeTCH. COBMemeHHe o6nacTett RLC -KOHTypa, : 

'o6pa30BB.HHOrO 'IlYllKOM H JI~IHHett C pacnpeneJieHHhlMH napaMeTpaMH.,06Jia
CTH .. B3filIMOAeHCTBHH' nytIKa H B036y)I(AaeMOH BOJIHbI, AOJI:lKHbl' 6bI;b .KOH~ 

CTpy~THBHO COBMemeHbI. 3Mnccmi 3JieKTPOHOB. B CHCTeMe ABCD OGymecT
BJIHeTCH npn aa~neHHH CBq·MOmHOCTH ~enocpencrneHHO B o6nacTh'.KaTo~ 
na (7). Crpy~impoBaHHhie 3JieKTpOHhI · .. B036y:lKAaIOT 3JieK-rpoMarHHTHhie 
I<:oJie6aimH c riocnenyromHM ycTaHOBJieHHeM CTllil;HOHapttoro pe:lKHMa. PacKa_q
Ka 'KOJie6aHHH Bbl3bIBaeTCH ~3aHM<>nencTBHeM '' ny11Ka C BOJIHOH; 06pa3y10-
mencH ~~neicrnne ycKopeH~H ll TOl)MC>:lKeHHH ny11Ka. 'lloTepH 3HepmH-BOC
IlOJIHHlOTCH HCTO'IIHHKOM n~TaHHH (6). Paci<lqKa KOJie6aHHH B03MO:lKHa npn 

' - ' ' I ' ' , ' ' ' , ~ ; -
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H3MeHemm R · H L ny1m:a cKa1m:aMH (rpynnnpoaKa) no mo6oMy nepuo,n;n-

. qec:KOMY, 3aKOHY C _nepH?,D;OM T11 .= n_:T,0 /2 HnH qacT~TOiJ <un ""cu 0/2n (n, ..::_ 
uenoe qncno, T 0, - nepuo,n; co6cTBeHHhIX ·Kone6attnu KOHTypa)., Han6o~ee 
3q:>q:>E!KTHBHaJI pacKaqKa HMeeT MeCTO npu O = 1, _KOr,n;a qacTOTa HaKaqKH 
% paBH~ qaCTOTe nepeKaqKH We a , Wm a CHCTeMe. H.apacnume ·,Kone6attHH 
B03MO)K}{0 He TOnbKO npn ToqHoM BblilOnHeHHH COOTHOilleHHH, HO H B HeKO
TOpblX KOHeqffbIX HHTepaan~ 3HaqeHHH cun, a6nm~ cu0 (a, 30Hax 1;1eycToii
qHBocrn) • B AaHHOM cnyqae UMee'i' MecTo . MexattH3M napaMeTpuqecKoro 
pe30HaHCa Ii ero '3cpcpe'KTHBHOCTb 3~~CHT OT CO_OTHOllleHHH Me~y 3aKOHOM 

. H3MeHeHHH napaMeTpOB rpynnHpOBKH B npocTpaHCTBe nyqKa H npOCTpaH
. CTBeHHOH CTpyK'.Typoii a6nH, reHepupyeMbii a CHCTeMe ABCD. BonHa, BBO,D;H-

MaJI a o6'beM ,n;n11 ao:i6y)K,D;eHHH KaTO,n;a, H aonHa; ao_36y)K,D;aeMaJIB pe3ynh- ' 
TaTe. B3aHMO,D;eHCTBHH nyqKa C 3neKTpOCTaTnqecKHM noneM, C qacTOTaMH 

w
1 

H, w'2 H aonHOB~IMH :eeKTOpa~,m.'. k
1 

H k2 • npn. Bhlil~>JIHeHHH ycnoanii 
. napaMeTpuqecKoro pe30Hattca KaK no apeMeHH, TaK H a npocTpattcTae o6y
.. cnoanuaaroT pocT aMilJIHTYAhI reHepnpyeMoii aonHhI c qacTOTOH cun H c aons 

' .. , ➔ ·. ., ' . ' .', .· -. ' 

i HOBblM BeKTopqM kn. . . . . • .. . 
. rpynnnpoarume nyq~a B paccMaTpHBaeMOH ,cxeMe -ocymecTBnHeTCfl ·. 

_. '\ . ,' ' ,. . ., , 

KaK Ha CT!l,Il,HH 3MHCCHH 3neKTpOHOB, TaK H npH HX ,D;BIDKeHHH B, npocTpaH-
• CTBe ABCD'. PaccMOTpHM CTa,D;HIO 3MHCcHH'. . , . . 

K KaTo,n;y, pa6oTaroIUeMy Ha,npHHUHne'a3pbIBHOH 3MHCCHH (B3) nm'.i' 
Ha . npHHuime aBT03neKTpOIIHOH 3MHCHH . ( A33) '. npuno)KeHO noTeHUHaJib~Oe 
none CMeiu~mm( Vo' .H 9Bll-none V 1 sin cut. TaimM ,o6pa30M, B npoMe)KirKe 

'AB nonHoe,Hanpm15eHHe p_aaHO V(t) =Vo+ V 1 sin wt 'E_cnn CHCTeMa-ABCD. 
c npocTpattcTBOM ,n;peiicpa BC HMeeT nporn)KeHHOCTb, paaeyro ,n;nnHe·aonHbI 
. X, TO B pe3ynhT~Te KOne6attHH B •.. RLC-KO~IType B. 3TOM none cpopMHpyeTCH 
crycToK npOTH)KeHHOCTbIO 0,5 ;\ . Upn 3TOM H~np11)KeHHe cirniueHHH · ~Horo 

60nbwe" cBq·COCTaBn.flIOIUeft ,vl siriwt ~· CBq·COCTaBnHIOmai Mo.ny:impyeT 
3MHCCHIO: KaTo,n;a, ·3ne~TpOHHblH TOK·. coananaeT no cpa3e C HanpH)KeHHeM 
Ha .. np9Me)K~Ke . AB. Ko3q:>q:>HQHE!HT 3neKTpOHHOH CBH3H paaeH ' eAHHHU~; 
' \ \ & • ' ~ • • - • ". ~ ' • , • \ ' I. . ! 

CrpynnnpoaattHhIH nyqoK; noTpe6n11eT· 3Heprnro a nono)KHTenbHOM nony- . 
nepHo,n;e ' CBq~OCTaan1110iueii •. Ilpu . ,n;nmie . npoMe*YTKa AB, MHOro __ MeHb- -'. 
meii crpynnHpOBaHHOrO nytiKa,. 3HaqttTeJibHO yMeHbWaeTCH BnHHHHe npo- . 
CTpaHCTBeHHoro .3ap11,n;a . Ha npouecc rpynnHpOB_KH: B3pbIB · Ka;o,n;a conpo0 

( BO)K,D;aeTCH ·oqeHb KOpOTKHMH . HMnynbCaMH ,. aBTO~MHCCHOHHOro TO Ka 
h 10-11 c) B MaJIOM q:>a30BOM yrne cBq·KOne6attHH. B· 3KCnepHMeHTax, 
OIIHCaHHblX B, pa6oTe /3/, ,D;JIHTeJibHOCTb naqKH HMny~bCOB. TOKa npH B3ph1B
HOH 3MHCCHH B c:sq-none ( A = 6,4 CM) .U:ocrn~ana BeJJHqffHbl -10-8 C 
WI.II o6blqffblX CKO!)OCT,eii .pa3nera KaTO,D;HOH nna3Mbl ' ( -106. c~/c)' npH.3TOM 
Bo acex onhITax 6bma ,n;ocrnrnyTa BhICOKaJI nnornocTb TO Ka· (.no 5 • i 64 A/ CM 2) ; 
.nm~ B036y)K,D;eHHH B3 Tpe6oaana~b cpe,D;HHH HanpH)KE!ffHO,CTb cBq~non11 ' 

' Ha kaTO,n;e ~10 3 B/cM: lfa 3KCnepHME!HTOJ3,_ cne,n;yeT, qTQ ,D;~H ynpaan~~HH 
' ~. '' 
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Tpe6yeTCH cpaBHHTeJibHo He6onbWaJI' CBq·MonuioCTb. Ilocne,n;oaaTenhHOCTH 
CBq·HMnynhcoa' npH ,D;JIHTe.i,tLHoci:u naqKH -10-3 c c nay3aMH ,n;n~ pacca
ChIBaHHH IlJia3Mbl ,D;OCTaToqHo ,D;JIH HaKormeHHH, KonnqecTaa 3neKTpOHOB , 
B_ o6'beMe cTpyKTyphI ABCD~ cooTBeTCTayroiuero "cornacoaattHoMy" nyqey. · 
rpynnHpOBaHHe B nepno,n; 3MHCCHH He 'Tpe6yeT Mo,n;ynHUHH no CKOpOCTH 

. H _60nbWOH 06.1;1a~TU- ,n;peiicpa. Cne,n;yeT 3aMeTHTb, qTO B cpaaHeHHH C KnH
CTpOHHblMH cnoco6aMH rpynnHpOBaHHH a HallleM cnyqae nOCTOHHHaJI COCTaB-. 
JIHIOIUaJI 3nEnci'poHHoro noToKa oTcyTCTBYeT. , CrpynnupoaaHHhIH TaKHM' 
o6pa3oM crycToK 3IIeKipOHOB Haxo,n;HTcH 6onhweii qaCTbIO' a ,n;peiicpoaoM 
npocTpattCTBe. 

1 
• · , • ;'. • , ' · · · · • · 

BTopaJI CTa,D;HH 'rpynnHpOBaHllil HaqHHaeTCH. C MOMeHTa' ,D;BIDKeHHH 
H yciopeHHH nyqKa, a 3a3ope AB B none VO • IloTpe6neHue 3Heprnn npH 
ycKopeHHH npHBO,D;HT K H3MeHeHHIO HanpH)KeHH.II B RLC-KOHType H B' nHHHH 
c pacnpe,n;eneHHblMII napaMeTpaMH, B nepBOM npn6nH)KeHHH npuMeM, qTO 

. 3TO H3Me~eHHe npOHCXO,D;HT no rapNIOHHtJ:eCKOMY 3aKOHY ue, = U oe cos cut : , 
, r,n;e O (i - aMilJIHTy,D;Hde 3HaqeHHe HanpH)K

1
eHHH B nHHHH .. IlpH 3TOM HanpH

)KeHtte' a no,n;aroiueii nHHHH H3MeHHeTCH KaK_ ui = UoCOS (cut+¢) , r,n;e rp -
3a,n;ep)KKa no cpa3e OTH<lCHTeJihH<l · Ue . IlpoMe*YTOK AB, n,o.n;KnroqeHHhiii 
K 'HCTOqffHKY nOCTOHHHOro Hanp.lI)KeHJUI, 6y,n;eT 3apH)KaTbCH, HanpH)KeHHe 
Ha H~M 6y,n;eT H3MeHHTbCH no 3aKOHY u r = u Or cos cut • B nonaroiueii mrn:HH 

. ttanpH)KeHHe H3MeHHTCH. TOqffO'. TaK )Ke, HO co C,D;BHrOM _no cpa3e Ha BeJIHqH
' HY fP. Ilpu J3Xo,n;e crycTKa B CD B ycKopmoiueii cpa3e npoucxo.rim ero ,n;o

ycKopeHHe, a B. TOp~03HIUeH - ::meprn11; nepe,D;attHaH crycrey B AB, B03B pa
IUaeTCH B CHCTeMy ABCD: B nocne,n;HeM cnyqae 3neKTpOHbl OCURJIJIHPYIOT,' 

. HCilblTblBaJI I ynop11,r:,;oqeHHoe ,D;BH)KeHHe,' o6ycnoan:eHHOe q:>a30BOH rpymm-· 
poaKoii. Ilpn. 3TOM TOK B pe30HaHCHOM KoHrype RLC B03pacTaeT .no ypoa
HH, onpe,n;en11eMoro cornacoaattneM 3HepreTHqecKHX napaMeTpoa crycrKa 
H ao36y)K,D;aeMoii aonHhI •H orpattnqHBaeTCH riepaeattcoM cnci'eMhI. Tai<:, . 

.. HanpHMep, npH. 3KCnepHMeHTaJibHOM nccne,D;OBaHHH HllKOIJJieHHH 31IeKTpOHOB 
· Me)K,n;y KaTo,n;oM H attTHKaTo.n;oM, HaxOAHIUHMCH no,n; noTeHUHaJIOM .100 KB 
n pacnono)KeHHbIM Ha paCCTOHHHH :.:. 3. M a npo,n;onbHOM MarHHTHOM none· 
c Hanp.lI)KeHHOCTbIO ;;. 2 K3, Ha6nro,n;anocb CeMHKparnoe yaenuqettue TOKa 
3neKTpOHOB no cpaBHeHHIO C HaqaJibHbIM TOKOM KaTO,D;a / 4!_ '; ' . 

fu ,ycnoBHH, cornacOBaHHH TOKa B "cryCTKe. 3JieICTpOHOB · H reHepHpye
Moro a' o6'bel\ie njm6opa 3neKTpOMaI'HHTHOro non.II BbITeKaeT npH6nH)KeH
' HOe ycnOBHe, onpe,n;enHIO_IUee OilTHMaJibHOe qHcno 3neKTpOHOB a· cryCTKe, 
npu KOTOpOM Kn,n npiI6opa.iiau6onbWHH: ·' . , 

' .. \ ' .(.Iii'' . ' \·'" 
- o mc2 · 

NOnT .- - • - .. - (E v)1l2 
. , 4" 8 3 o .\· ~ . , 

\ . 

,: 

(1) 

'B Bblpa)KeHHH (1) e' m - 3ap11i:i'n Macca 3nekTpoHa,' C ...:. CKOpOCTb CBeTa, 
( 0 ~ ~H3neKTpuqecKaJI noc~OHHHaJI, . V ·~ o6'beM o6naCTH ABCD, E Cl - Ha-

5. 
·\ 



npH)KeHHOCTb 3neKTpw1ec1wro nonn. CooTBeTCTBeHHO. cymecTayeT H omH
MaJibHrui . CBq-MOmHOCTb, · .· reiiepifpyeMaH cncTeMOH .. Bb16up~ · nporn)Ke! ,

H0CTb npocTpaHCTBa .D;peHcpa BC B pa6~tJeH 06nacn1 CD, M0)KH0 o6ecnetJH, J> 

Ha,D;ne)Kamyro CHHXp0HH3aIJ;HlO, cp~3 crpynnHpOBaHHOrci nytJKa ·•. H B036y)K,!l;a,,-
MOM B0nHbl •. 

IlonHoe iiccne,D;0BaHHe npou;ecc0B B3aHMO,D;eHCTBHH nytJKa c· noneM 

H npeo6pa3~BaHHe. 3Hepmu A0n)KH0 6bITb 0CH0BaH0 Ha COBMeCTHOM· peme
HHH . ypaBHeHHH MaKCBenna H yprumeHl:IH ABH)KeHHH ~apH)KeHHbIX qacmu; 

'H Tpe6yeT npmvieHemrn 11n:cneHHbIX MeTOAOB. CxeMa'. perneHHH, HCnOJib3yID- ' 
.. ' ~. . . . . 

man ynpomeHHYIO reoMeTpHtJeCKYIO M0,D;eJib' CHCTeMbI, Aruia B npHJI0)KeHHH. 

: , ' , , - . \ . ", -.. i 

B. 3aKJllOtJeHHe aBT0pbl BblpruKalOT 6naro,D;apHOCTb ytJaCTHHKaM ceMHHapa 

OTAeno:a. ycKopnTen1_1 JIB3 i3a o6cy)K,!l;eHHe .u aKaAE!MHKY A.M.EanAHHY 3a 
no,D;Aep)KKY. 

IlPHJIO)KEHHE, 

B KatJecTBe rtpocTeHweH TeopeTHtJeCKOH M0AeJIH paccMoTpHM AByMep
Hyro CHCTeMy, H30.6pa)KeHHYIO Ha pHC.4. floiie B TaKOH CHCieMe HMe.eT K0M-' 

• - ,, ' . ., • l 

noHeHTbI Ex, EY, Hz . 
,.. . · B nP,0Me)KyTKe O < x < a npHJI0)KeHo 3neKTpocTaTHtJecKoe 

I 
no;i:ie · E0 , . 

·11 B npoMe)KyTKe a + L < X <,L npHJI0)KeHO 3neKTpOCTaTHtJeCKOe none E1 ' 
.. o6panforo no oTiioweHHID K' E 0 , 3HaKa. · Ilone E 0 ycKopne'r ,3neKTpOHbI, 

\' 

I;'. 

'~ ',; I 
I - I I I 
I . r ·· , ·. · 

0 «. · · I 6 l,l · 
. t I I : I -

l ' I 
I ... , / 

X 
~--

Puc.4; YnpomeHHaiI pac11emaa: Mo.a;em, pe3oHaTOpa. · 

6 

.l 

1:. 

\ 

j 
,i I 

/,. 
" 

/2 , 
0· 
> 

t 

·l': 
' ' 

·f , I • ' i • • ., 
·>( 

.. ii 
l 
I. 
'/ 

:j· 

noriaawn,e B nepBblH npoMe~T0K, a none El T0pM03~ ABH~muecH BO 
BT0p0~ npoMe)KyTKe 3neKTp0Hbl. B nJI0CK0CTH X = 0 B CHCTeMy BB0AHTCH 
3ReKTpOHHOe o6naKO, C03Aaromee HMnynbC T0Ka AJIHTeJibH0CTblO T. 3neK
Tp0Hbl, ycKopHHCb noneM E , A0CTHraroT o6nacTH ,D;peHcpa, Ha BbIX0Ae H3 Ko- • 
Topoii HatJHHaroT TOpM03m:bcH noneM E O TaK, tJT0 npu x =. L npo.D;onbHaH 
cKopocTb 3neKTp0H0B CTaH0BHTCH paaHOH Hynro, u 0HH. nag ,D;eHcTaHeM noJIH 

E1 HatJHHaroT ycKopeHHo· ABHr~TLCH · a o6paTHOM HanpaaneHHH. Ecn~ cKo

pocTb 3neKTp0H0B v(x) np11:_x = 0 paaHa_HYJIIO, TO El'= .:..Eo, H ABH)KeHHe 
3JieKTpOHOB CJieBa HanpaB0 . H cnpaaa HaJieB0 CHMMeTpHtJH0, 0TJIHtJaHCb . 

TOJibKO CABHr0M cpa3bI Ha 1/2 ·nepuo,na. B' cnyqae v( 0) =V > O B03HHKaeT 
. ., . ... 

. 'TPYAH0CTb, CBH3aHHaH 'C TeM, tJT0 BepHyBlllHeCH B nJI0CK0CTb X = 0 3JieKTpo-
Hbl 6yAyT nMeTb 0TJIHtJHyro OT HyJIH-cKopocTb v0 n: BbIJieTHT H3 o6nacm 

B3aHMO,D;eHCTBHH;., eCJIH He npHHHTb _oco6bIX Mep. IlytJOK 6y.D;eM npe,D;n0Jia-
- ' . 

raTb 3aMarHHtJeHHblM BHeillHHM MarHHTHblM noJieM no OCH x, TaK HT0 ABH)Ke-
' \ • • '\ • I • • • 

HHe 3JieKTp0H0B ,0AH0MepH0. B3aHMO,D;eHCTBHe onHCbIBaeTCH caM0COrJiaco-·. 

BaIIHOH cncTeMoH ypaBH~HHH MaKcaenna: 

➔, 

'divE.;,4rrp,· '. \ , I 

.➔ 

d~VH=O,, 

➔ ➔ ' 
(1) 

. , rot E ·,;,, -aH/at·, 
' ' ' ,r· 

. . . ➔ ➔. f ➔ . 

rot H = j + . 
4 17 

• aE I at;., .. 
i 

H ypaaHeHHH ABH)KeHHH: -· 
1 

'·\ "7-

i / 
d V 

dt • ../l.-v2;02 
71Eit • -(2). 

-· 

r,D;e ; = e/m- OTHOllleHHe 3apH,D;a 3JieKTp0Ha K era Macce. 
PerneHHe · CHCTeMbl' (1), (2) 6y.D;eM HCKaTb MeT0A0M HTepau;uii, HCX0AH 

H3 npH6JIH)KeHHH 3a,D;aHHOrO T0Ka. . . ; . 

B KatJeCTBe HCX0AH0r0 HyJieaoro npu6ntt)KeHHH B03bMeM TOK I B 3a
. AaHH<>M 3JieKTpocTaTHtJecKOM none -6ro y<ieTa · npocTpattcrneHHoro 3apn.D;a. / 
IlpeHe6pe)KeM TaK)Ke 3cpcpeicraMH HeO,D;HOPOAHOCTH,' CBH3aHHbIMH C HaJIH
tJHeM rpaHHIJ;bl HMilYJibCa TOKa, u 6y,D;eM CtJH'J,'aTb TOK riocTOHHHblM a Ka)K,!l;0M 

. . ' ' . . \ . 
ceireHHH X = const •. B 3THX npe,D;n0JI0)KeHHHX . < ' ' ' 

. . . . . ' 

I= 21 _ i sin(2n+l)rrr/T ~x;{-2irr 2n+1 [t(x) -t+ :.!...]} = 
O n=-oo (2n+l)rr · ' · T · ·. '·2 

7 



00 . \, 

. .· . 2n+1 
~ !. ·. In (x) exp (2111 . t), 
,n=-oo • · T 

r,n;e ·T = 4t(a) +2t'ab', t(x).·=.[(.!_)2'+· X. ]U2 
• c .211E. , 

·-I• 0 

v(x) = c t(x) 
X C+. C. 

71E 0 

/ 

! 

b-a 
tab = v(a) 

(3) 

(4) 

· . .D:nH ·· cneriyromero · npn6nIDKemrn mrn,n;eM 1 ~Ha,mna none, mme.n;eHHoe 
. • . . . •. . I 

3TllM TOKOM. 'HaBe,IJ;eHHOe none 6y,n;eM llCKaTb B Bll,IJ;e pH,D;a <l>ypbe no/. t': 

·oo 

Ex;,,· I E~iJx) exp['2i11(2n+1) t/T] 
.-. n;=--oo /. ,· . ' . "' 

(5) 

. . I 

. H att,anorn11~0 ,n;nH KO~nOH$HT E y ll Hz , . , 
,.il:nH 1:'apMOHHK Eh, Hn ·6y.ne¥ HMeTb CTaQHOHapHbie ypaBHeHHH MaKc

aenna; H3 · KOTOpbIX 06b11IHhIM . nyrnM nonyqnM ypaatteHne renbMronbua 
,n;nH I<0M:UOHeHThI Ex= ' · 

/. 2' 
~E ·•+k E xn · · xn = iwI "<x) ·1 . n ----.. i(,)' ---

n a x2 

. 2n+1 
r,n;e <,)n =211 T 

·, 

, ' 

(6) 

1· • ,, ·' ·" J '; ' '•i .- ''• ' . 

I .il:nH onpep;eneHHH·: Exn ,' MO:a<HO aocnonb30BaTbCH 66o6meHHbIM npoeK-
UHOHHblM MeTo,n;oM ( OilM) /5,, G/ . . 

Han.n;H Ex' .onpe);J,~HeM nonHoe no;rn Ex(x,y,t) , · H3 / 5/nno,n;craa
nHeNi. a ypaBHeHHe ,IJ;BH:IKeHHH, KOTOpoe renepb 6y.ne1: HMeTb Bll,IJ; 

d 
~t 

= ,11(Eo+E .) 
. •. 'X 

(7) 

',, 

'YpaBHeHne (7), Ha,IJ;O .pelllaTb ·qncneHHO, HanpnMep MeTO,IJ;OM ,IJ;llCKpe
TH31mllll. YpaBHe1me (7) . HBnHeTCH peOHeJIHHeMHblM ll npn COOTBeTCTBYIO;'. 
meM noA6op~ napaMeTpoi:3 Me>:IKeT onHcbIBaTb HennHeMHhIM napaMeTpn11ecKHft 

• , , :' I : . I ·, • ,.,, ,, ••• 

pe30HaHc, KOTOpbIM HBnHeTCH npllllllHOM HapacTaHllH Kone6aHHM. '. ' 
, PeJrna ypaaHeHHe ( 7) , : Haxo,n;nM' · HOBhIM nepno.n ·, To Ka T 1 . H HOiih1n 

nonHhIM ·TOK~T 1 (x, t ) ,' ic0Top~1n <;mpe,n;enHe_TcH -!rn6o H3 ypaaH~HHH c6xpa-

' ' \· 8 

\:;, 

Hemrn 3apH.n;a Io dt O =· I dt • nn6o ll3 'yprumeHHH 'HenpepbIBHOCTll a p 1 /at + 
+ oI 1/ dX = 0, n03BOnHIOmero HaMTll pl npll . H3BeCTHOM V . .il:anbrne Hali· 

',n;eHHbIM nonH:&IM TOK npe,D;CTaBnHeTCH B Bll,IJ;e jm.n;a <l>ypbe no BpeMeHH TH,na 
(3), HO C nepHO,IJ;OM Tl, nocne 11ero ero rapMOHllKH rio.zicTaBnHIOTCH B ypilHe

Hlle (6) ll T.,IJ;. Cne,n;yeT 3aME!TllTb, llTO perneHHe ypaBHeHHH (6) 'a Ka:IK,IJ;OM ' 
mepaunn a' cnny crna:IKHBaIOIUllX' CBOftCTB. cpyHKUll~ TpHHa ypaBHeHHH ' 
renbMronhua' 6y.n;eT crnruKHBaTb npaByro. 11acTb, yMeHblllaH ponb BhICOKHX 
rapMOHllK H IIOBbilllaH poni,· OCHOBHOM rapM0HllKll,. llTO n03BOnHeT Ha,IJ;eHTb
CR: Ha 6b1crpy10 cxo,n;nMocii .'npouecca mepruinn. Ilpe.n;aapnTenbHhie oiieHKli 

., ,noKa3bIB~T, tITO c noMolUb~ OilM MO)Kffo npn perneHnn (6) 3cpq:>eKTHBHO 
' I , . y11ecTb . HeCKOnbKO ,n;eCHTKOB rapMOHllK nonH B 'Ka:IK,IJ;OM HTepaunn,. TO .eCTb ' 

HaxO,IJ;llTb ,none C BbICOKOM ,TOtIHOCTblO, Cne.n;yeT TaK:IKe 3aMeTHTb, llT0, Ha
llllHaH, c nepaon HT~paunn, TOK . y:1Ke ·3aancnT OT. Koop.n;nHaThI y; TaK KaK -
OT Y. 3aBllCHT ycKOpHIOmee rione, HO yprumeHHe ,IJ;Bll:IKeHHH ·ocTaeTCHO,IJ;HO.: 
MepHbIM. 

j i'. 
/ / 
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Bep6m~1mu H.JI., KoaaneHKO A.,z:i:., KoneCHHK B.r. 
CxeMa napaMeTpHqecKoro npeo6pa30BaHHH :meprHH 

P9-90-371 

PaccMaTpHBaeTCH cxeMa npeo6pa30BaHHH :meprHH, OCHOBaHHaH 
Ha napaMeTpHqecKOM B3aHMO,D;ettCTBHH crycTKa 3apmKeHHhlX qacTH~ 
C nepeMeHHhIM :meKTpOMarHHTHhIM noneM, C03,D;aBaeMhIM HM B pe-
30HaHCHOll nonOCTH npH HaJIHqHH BHenrnero 3neKTpOCTaT_HqecKoro 
nonH. KaqecTBeHHO npoattaJIH3HpOBaH npo~ecc rpynnHpOBaHHH 
3neKTpOHOB H IlOKa3aHhl npeHMymecTBa AaHHOll C.H;CTeMhl no cpaaHe
HHIO c KnHcTpOHHblM cnoco6oM rpynnHpOBKH. IlpHBe,n;eHbl KOnH
qeCTBeHHbie COOTHOllieHHH ,n;nH BhI6opa OilTHMaJibHhIX napaMeTpOB. 
OnHCaH MeTOA pacqeTa CHCTeMbl C Hcnonb30BaHHeM ynpomeHHOll 
MO,n;enH. 

Pa6oTa BhlilOnHeHa B Jia6opaTOPHH BhICOKHX 3HeprHtt H B HH
CTHTyTe 3HepreTHKH H aBTOMaTHKH AH Y3CCP. 

Coo6~eHH8 06-&eAHHeHHoro HHCfflTYTa H,!l;epHblX HCCJie,D;OBaHHli. ,Uy6na 1990 

Ilepeao,n; JI.H.Bapa6arn 

Verbitsky I.L., Kovalenko A.J?., Kolesnik V.G. 
A Scheme of Parametric Energy Transformation 

P9-90-371 

An energy transformation scheme is considered based on a para
metric interaction of charged particle bunches with a self high frequ
ency electromagnetic field generated in a resonant cavity which is also 
supplied by an external electrostatic field. The process of electron 
beam bunching is analyzed qualitatively and the advantages of the 
system over clystron bunching are shown. Some relations for the opti
mization of system parameters are presented. The numerical method 
for calculation of the main parameters by using a simplified model 
is described. 

The work has been performed at the Laboratory of High Ener
gies, JINR and at the Institute of Power Engineering and Automation, 
Uzbek.AS. 
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