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1 IIOCTAHOBKA 3A.llA t.JH 
Bo MH0rHX Ha~LIX ueHTpax MHpa npOBQUJITCJI H~TeHCHBHLie Teo

peTH'lecKHe H 3KCnepHMeHTaJILHLie HCCJlell0BaHHJI HCTO'IHHKOB KOre

peHTH0ro H3Jiy'!eHHJI - Jia3epon Ha CBOOO,llHLIX :JJieKTpOHax (JIC3). 

liHTepec K JI C3 o6yCJIOBJieH TeM, 1:ITO Ha HX 0CHOBe <}>H3HKa CB't.J 

H TeXHHKa nnepBLie IlOJIY'IHJIH HC~'IHHKH ~0IUH0I'O xorepeHTH0ro 

3JieKTpoMarHHTH0I'O H3JiyqeHHS B .U.Halla30He .U.JIHH B0JIH OT MHJI

JIHMeTp0B0I'O .u.o MJlrK0I'O peHTI'eH0BCKOI'O C B03MOJKHOCTbJO IlJiaB

HOH nepecTpOHKH 'laCTOTI,I. IIonyqeHHe 6om,mHX BeJIH'IHH HMilYJILC-
' ' ' 

Hoii H cpe,nHeH M0IIIH0CTH H3Jiy'IeHHJI B JI C3-HCT0'IHHKax ?Kasa-

Jioc1, B03M0JKHLIM H3-3a HCil0JI1,30BaHHJI .U.JIJI HaKa'IKH JIC3 3JieKTPOH

HLIX ycKOpHTeJieii, a TaKJKe CBepxpasMepHLIX BOJIH0B0,ll0B B Ka'!eCTBe 

o6JiaCTH B3aHMO,lleHCTBlfjl. Co3JJ,aHit:e HCTO'IHHK0B, o6Jia,naJOIUHX ne

pe'IHCJieHHLIMH Bhlme cno~CTBaMH, oTKpLIBaeT mHpOKHe nepcrreKTH

Bhl B, pJ1,ue Ha~o-TeXHH'leCKHX HanpaimeHHH, HarrpJiMep, n pa.u.Ho-

JioKamrn, B ycKopHTeJil,HOH TeXHHKe. ' ' ' 

C UeJILJO 3Ha~rn;eJII,HOro IIOBMmeHHJI BeJIH'lHHl,I ycKopaIOmero 

3JieKTpH'leCKOI'O IIOJIJI B C03,UaBaeMLIX H rrpoeKTHpyeMLIX ycxopHTe

JIJIX B pa3JIH'lHhlX Jia6opaTOpHSIX MHpa HHTeHCHBHO paspa6aTLIBJOTCJI 

H HCCJle.zlYIOTC,SI HOBhle cxeMI,I y CKOpeHH,SI: KOJIJieTHBHI,IH MeTO,ll ycxo

peHH,SI, nasepH~-rrJiasMeHHhlH MeTo.u H .up. O,.llHo:ii H3 HaH6on:ee rrep

crrexTHBHLIX H npopa6oTaHHLIX cxeM B HacTO,SIIUee BpeM,SI C'IHTaeTCJI 

cxeMa.unyxrry'IKoBoro ycxopHTeJI,SI (lIIIY), rrpe.nnmKeHHaJI 3. CecCJie

poM B 1982 ro.u.y. B 3TOH cxeMe ycxopeHHe 3JieKTp0HHoro ny'lxa, HH

JKeKTHpOBaHHoro H3 CJia6oTO'lHOI'O, Bl,ICOK03HepreTH'lHOI'O ycKOpH

TeJUI, ocYllleCTBJI,SleTCJI n n1,1coxorpa.uHeHTHOii ycxopgromeii cTpyx

Type, pa6oTaIOIIleii !la'' qacToTe (10-40)rru. B p.sme pa6o; no lITIY 
OOOCHOBLIBaeTC,SI BO3MOJKHOCTI, IIOJiy'leHH,SI B 3TOH cxeMe HanpgJKeH

HOCTH ycKopaIOmero rrong OT l00M B / M .uo 50~M B / M • . P'at'!eTLI no

Ka.3LIBaJOT, 'ITO .llJIJI noJiyqeHHJI Tpe6yeMLIX 3Ha.'leHHH ycxop,SIIOIUero 

IIOJIJI 'Heo6xo.nHMO C03,llaTL B Y~a.3a.JIHOM tJacT0THOM )lHaila.30Jie HC

TO'IHHKH HMrryJILCHOH MOIUH0CTH C rroroHHOH MOIUH0CTI,JO Ha ypoBHe 

(100 - lOOO)AfBm/M. 
C yqeTOM crreUH<}>HKH ycxopHTeJil,H0I'O no.upa.s.ueJieHHH, B KOT0-
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p0M 6LIJIJI Ha1IaTLI HCCJie,ll0BaHH.!I •. JI C3, o6cy.nnM 6oJiee .neTa.Jll,H0 

Tpe60BaHH.!I K JI C3' 4>opMym1pyeMLie cero,ZlH.!IIIlHHMH npo6JieMaMH 

ycxopHTem.Hoii TexHHKH. O.z:tHoii H3 BaJKHeiimHx 3a.Zla1I ycxopHTeJIL

Hoii HayxH H TexHHKH B HacTO.!llllee BpeMjl .!IBJijfeTC.!I 33Jla1Ia C03,llaHH.!I 

.ycxopHTeJieii 3JieKTp0H0B T3BHOro ,ZlHaila.30Ha 3HeprHii ( 3JieKTp0HHLIX 

KOJIJiaii,uepoB). OcHOBHLIMH npo6JieMaMH npH pemeHHH yxasaHH0H 

3a.ZJ.a1IH TPa.z:tHUHOHHLIM cnoco6oM .iBJijfIOTCll rpOMa,uHall CTOHMOCTL 

(MHJIJIHap,llLI ,llOJIJiapoB) '.iJ orpOMHLie pci.3MepLI YCK0pHTeJI.!I (ero ,llJIJI-

Ha C0CTa:BHJia 6LI COTHH KHJIOMeTpoB). . 

. .UJijf onTHMH3aUHH mrneiiHoro 3JieKTpOHH0ro KOJIJiaii.uepa Heo6-

XQZUIMO onpe,neJIJITLCll B BLI6ope JiyTeii pememu.1· 6oJILmoro 'IHCJia 

BeCLMa CJIO1KHLIX, nopOH IlpOTHBOpe1IHBLIX Hay1IHLIX, TexHH'IeCKHX H 

TexHOJIOrH'IeCKHX 3a,ua1I. HasoBeM HeKoTOpLie H3 HHX: CO3,llaHHe HC

TO'IHlfKOB. OOJILillOH HMnyJILCHOH cBq-MOIUHOCTH B YKa.3aHHOM '11a-
• ' ', ,. ~ . • . . f '. '. . ~ ,' 

CTOTHOM .z:tHanasoHe c 1KeCTKHMH Tpe6oBaHH.!IMH Ha aMilJIJITY.ZlHYID 

H $a.30BYIO CTa6HJILHOC;L H3JiytleHHH, CO3,llaHHe BLICOKOrpa.ZJ.HHTHLIX 

ycxopHIOru;HX CTPYKTYP C Tpe6yeM~if 3JieKTpH1Iec1mii IlpO'lHOCTLIO H 

1KecTKHMH yCJIOBH.!IMll Ha Mexrurn'lecKHe H TeIIJIOBLI~ .z:ionycKH, BLI6op 

cnoco6a. BbIBQZla ~si.iy,1eHHH H3 HC.TO'lHHKa CBq-MOw;HOCTH H cHcTeM 

3anHTKH H 4>asupoBKH ycKopHIOIUHX CTPYKTYP, o6ecne'leHHe Tpe6y

eM'.LIX 'xapaKTepHCTH,K sa.u.arome:ro JIHY Ha ,llJIHHe KOJIJiaill(epa H TaK 

.llaJiee. 

H3 BLimeH3JI01KeHHOro CJie.nyeT, 'ITO 3KCnepHMeHTaJILHLie HC

CJle,ZlOBaHHH JIC3-HCT01IHHKOB KopoTKOBOJIHoBoro H3Jly'lEmus, noBLI~ 

meHHe HX s<l><t>eKTHBHOCTH H YJIY'lrrieHHe xapaKTepHCTHK cBq

H3JIY1IeHH.!I Ha BLIXQZle JI C3 HBJijfeTca BecbMa aKTYaJihHoii 3a.na

qeii KaK npH C03,llaHHH H onTHMH3aUHH JIC3-HCTO'lHHKOB cBq

H3JIY'leHHH, TaK H npH HCCJie,llOBaHHH H onTHMH3aUHH HOBLIX BLICO

K03<pq>eKTHBHLIX YCKOpHTeJThHLIX cxeM. C 1984 ro,ua HCCJie,llOBaHHH . . 

JIC3 IlpOBO~TCjf B OH5IH. 

Ko BpeMeHH Ha1IaJia HCCJie,uOBaHHii no JIC3 B OH5IH B JIJITepaTy-. . . 
pe y1Ke HMeJIOCL ,llOBOJILHO 3Ha1IHTeJILHOe KOJIH'leCTBO pa6oT no HC-

CJle,ZlOBaHHSM <l>YHKUHOHa.Jll,HLIX 3a.BHCHMOCTeii BLIXO,ZlHLIX xap~Te

pHCTHK JIC3 (CBq-MOw;HOCTH, cneKTpaJILHOro COCTa.Ba H3JIY'leHHS 

2 

I 1 

f' 

u ,up.) OT xapaKTepHCTHK :meKTpOHHOro ny-qKa, BLI6paHHOH cxeMLI 

JIC3 H pe1KHMa ero pa60TLI. KpoMe Toro, B pg,ue Hay-<IHLIX l{eHTpOB 

6LIJIH C03,llaHLI JIC3-reHepaTOpLI !!}IJIJIHMeTpOBOro H cy6MHJIJIHMe

Tp0BOro ,lJ;Haila.30HOB C ypOBHeM cBq-MOw;HOCTHOT ,noJieii ,no ,neCHT

KOB Mera.BaTT. Kax npa.BHJI0, 3TH JIC3 C03,lla.BaJIJICL Ha 6ase CHJIL

H0T0'IHl>IX ( C TOKaMH B e,llHHHUI,I H .nec'HTKH KHJIOaMnep) mrneiiHl>IX 

YCKOpHTeJieii, a HX 34>4>eTHBHOCTH ·COCTaBJUJIH ,llOJIH HJIH e,D;HHHULI 

npoueHTOB. XoT.!I 3<l><l>eTHBHOCTL JIC3 3aBHCHT OT MH0rHX xapaKTe

pHCTHK ny'IKa H pe1KHMa pa60TLI JI C3' 0Ha, KaK npa.BIIJIO, .!IBJIHeTc~ 

pacTymeii <l>YHKUHeii T0Ka. ny'lKa H na.naromeii . <l>YHKUHeii no OTH0-

meHHIO K 3HepreTH1IeCK0MY pa.36pocy B ny11Ke. C y11eT0M TOI'O,_ 'ITO 

TOK Ha Ha BLIXO,ne ycKOpHTeJIH JIHY-3000 6LIJia n .necHTKH HJIJI C0T

HH pa.3 MeHLriie BeJIH1IHHLI TOKa B ycK0pHTeJIHX, Ha 6ase KOTOpl>IX 

6LIJIH C03,llaHLI JIC3-reHepaTopLI C 34>4>eX:THBHOCTLIO OK0JIO npoueH

Ta, Bonpoc C03,llaHH.!I BLIC0K03<l><l>eTHB~ro JIC3-HCTO'lHHKa Ha 6ase 

ycxopHTeJIH IlHY~3000 Tp~6ona.n .ll~TaJil,HOH npopa6oTKH. · 
' . ' . ' . 

lleni. pa6oThl cocTOHJia B co3i:I.aHHH BLico;o3<pq>eKTHBHLIX 

JI C3-reHepa'f()pa H . JI C3-ycHmlTeJIH MHJIJIHMeTpOBOro ,llHaila.30Ha, 

3KcnepHMeHTaJil>HOM H. TeopeTH1IeCKOM HCCJie,ZlOBaHHJIX HX xapaKTe

pHCTHK H B~3M01KHOcTeH B pa3JIH1IHLIX pe1KHMa.x pa6oi'LI H onTH

MH3aJlHH 3THX xapaKTepHCTHK. Tax KaK ocH<>BHLIM Hanpa.BJieHHeM 

3KcnepHMeHTaJil>HLIX pa6oT OHMY Bee BpeMs 6LIJIO Hanpa.BJieHHe, 

CBH3aHHOe C HCCJie,llOBa.HHJIMH HOBLIX MeTO,ZlOB H cxeM ycxopeHH.!1 3apJ1-

'1KeHHLIX 11acTHI{ (KOJIJieKTHBHLIH MeTQZl ycxopeHHS, C03,lla.HHe HOBLIX 

JIHY), TOH B Hanpa.BJieHHOCTH HCCJlellOBa.HHH no reHepauHH KOpOT-
' ' 

. KOB0JIHOBOro H3JIY'leHHH Y1IHThIBa.Jiac1, TaKlKe B03MOlKHOCTL IlpHMe-

HeHHJI HX B ycxopHTeJILHoii npo6JieMaTHKe. 

' Hayqerur: B0BH3Ba pa60Thl COCTOHT B TOM, . 'ITO Ha 6a.3e JIH

HeHHOl'O HH.zlYKUHOHHoro ycxopHTeJIS OH5IH JIHY-:3000 C03.lla.HLI H 

JIC~e,llOBaHLI JIC3-HCTO'lHHKH 8MM-,llHaila.30Ha: reHepaTop, YCHJIJI

TeJTh u ycHJIHTeJII> c npo<l>HJIHpOBa.HHeM noJIH BHrrJiepa.: 3KcnepI1-

MeHTLI no C03,llaH~IO H HCCJie,llOBa.HHSM JIC3 C o6paTHLIM Be.zlYIIlHM 

noJieM onepe,uHJIJI HCCJie,Zl0BaHHS no 3TOMY Bonpocy B .npyrux HaY'l

HLIX ueHTpax. B 3THX 3KcnepHMeHTax, a TaKlKe B 3KCnepHMeHTax, 
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BLIIlOJIHeHHLIX B MaccatJ.yceTCKOM TeXHoJiorHtJ.ecKoM HHcTHTyTe H 

ony6JIHKOBaHHLIX cnycT.SI ,llBa ro,tia noCJie ny6JIHKaJUIH Jly6HeHCKOH 

rpyililLI, noKa3aHO, 'I.TO 3q>q>eKTHBHOCTl> Ta.KHX JIC3 He HH.2Ke (a B He

K0T0pLIX CJiyqaax cym;ecTBeHH0 BLIIlI~), tJ.eM 3q>q>eKTHBH0CT1, Tpa,llH

UHOHHLIX JIC3. KpoMe Toro, Ha BLIXo.zie JIC3 c o6paTHLIM Be,nyIUHM 

MarHHTHLIM noJieM noJiyqaeTcg .llOBOJILHO y3xonoJIOCHLIH, peryJiupy

eMLiii cneKTP H3JIYtJ.eHH.SI, 'I.TO BLII'QZUI0 0TJIHtJ.aeT ero OT JIC3, pa.6o

TaIOmero B pe.2KHMe ,llBOHHOro ]lHKJI0TpOHHOro pe30HaHca. 3TH oco-

6eHHOCTH JIC3 C o6paTHLIM noJieM M0.2KHO HCnOJIL30BaTL ,llJl}I 003,µ.a

HH}I M0mHLIX HMilYfilCHLIX Y3K0nOJI0CHLIX JIC3-reHepaTOp<>B H JIC3-

yCHJI_HTeJieii. HcCJie.zI.OBaHLI Ta.K.2Ke xapaxTepHCTHKH H3JiytJ.eHH}I JI C3-

reHepaTopa, pa.6oTaiomero B pe.2KHMe mHpOKOnOJIOCHOH HeycTOHtJ.H

BOCTH. 

IIpaKTH'leCKWI QeHHOCTb pa60TLI. pe3yJII,TaTLI HCCJle.D.OBa

HHH, H3JI0.2KeHHLIX B ,llHCCepTanHH, B OCHOBHOM, HanpaimeHLI Ha 

rrpHMeHeHHC HX ,llJljf 'ueJieii reHepauHH MOIUHOro HMnyJILCHOI"? KO

poTKOBOJIHOBOro H3JIYtJ.eHH}I C IIOMOilll>IO ,PeJl}ITHBHCTC,KHX 3JICKTpOH

HLIX' nyqKoB. B HCCJie.zI.OBaHHLIX cxeMax JIC3-ucTOtJ.HHKOB CB'9:

H3JIYtJ.CHH}I IIOJIYtJ.eHa BLICOKaa_ 3q>q>eKTHBHOCTI, reHepauHH H ycH

JieHH}I. B .llHCcep'ia.uHH noKa3aHO, 'I.TO cxeMa JIC3 c o6paTHLIM 

Be,nyIUHM MarH:HTHLIM IIOJICM, 3KcnepHMeHTaJILHO HCCJie,noBaHHaa 

BnepBLIC B pa6oTax ,llHCCepTaHTa C COTPY.llHHKaMH, .. o6ecrretJ.HBa

eT B03M0.2KHOCTL co3,naHH}I BhlCOK03q>q>eKTHBHLIX · HCT01IHHKOB CBtI

H3JIYtJ.eHH}I B Y3KOM tJ.acTOTHOM ,llHaIIa3OHe, 'I.TO BCCLMa nepcneKTHB

HO ,llJlj{ CO3,llaHHj{ MOmHLIX BLICOKOO<l><l>eKTHBHLIX HCTOlJ.HHKOB H3Jlyqe

HH}I :UJljf 3aIIHTKH YCKOp}IIOIIJ;HX CTPYKTYP B ,llHaIIa30He (10-40)rru. 

3TOT ,llHaIIa3OH }IBJljfeTC}l 1 rrepcneKTHBHLIM ,llJljf COOpy.2KeHHH 3JieK

TpOHHLIX KOJIJiaii.aepoB. 

AnpOOaIUIJI paOOThl. Pe3yfilTaTLI AHCCepT8.]lHH JI,OKJia,iu,ma

JIHCL H o6cy)K.IlaJIHCL Ha HaytJ.Ho-MeTO,llHtJ.ecKHx ceMHHapax OHMY · 

u JICB3 OH5IH, Ha Ha.YtJ.HLIX ceMHH~pax' HOcl> PAH, HIIcl> PAH, 

Ha BCeCOI03HLIX KOHq>epeHUH.IIX H CHMn03HyMax no ycxopHTeJl}IM, Ha 

KOHq>epeHUHH no peJijfTHBHCTCKoii CBtI 3JieKTpoHHKe B CBepJI,JIOB

cxe, Ha Me.2K.zlYHapo.llHLIX KOHq>epeHIUig:if no JIHHeHHLIM . KOJIJia:iiJI.epaM 
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B IlpOTBHHO H rapMHm- IIapTeHKHpxeHe, Ha Me.2KJI,yHapO,llHLIX KOH~ 

qie:peH]lH.SIX no ycxopHTeJI.SIM I{yxy6o H raM6ypre, Ha Me.2K.llYHapo,ll

llLIX'KoHq>epeH]lH.SIX no JIC3 B Ko63. 

IIyfinHKa:QHH. OCHOBY ,nHccepTaJUIH COCTaBHJIH i2 ny6JIHKa]lHii: 

11 cTaTeii B HaytJ.HLIX .2KypHaJiax H O.llHO coo6meHHe OH5IH. · 

CTpyx-:rypa H 06'beM JlHCcepTa:QHH. l{HccepTauH}I COCTOHT 

H3 BBe.D.eHH}I, tJ.eTLipex rJiaB H 3a.KJIIOtJ.eHHjf. lIOJIHLIH 061>eM ,llHCCep

. TaJUIH COCTaBJljfeT_ 74 CTpaHHULI, BKJIIOtJ.aa 31 pHCYJIOK, 1 Ta6JIHUY H 

CilHCOK JIHTepaTypLI Ha 58 HaHMeHOBaHHH. 

2 CO.lIEP)KAHHE .lIHCCEPTA]lHH 
B nepiioii rJiaBe (BBeJI,e~HH) cqiopMyJIHpoBaHLI aKTYaJILHOCTL, Ha

YtJ.Haa ,, 3HatJ.HMOCTL, HOBH3Ba ,llHCCepTaJU{OHHOH pa.6oTLI, Il0Ka3aHa 

nepcneKTHBBOCTI, HCnOJII,30BaHH}I JIC3-HCT01J.HHKOB MHJIJIHMeTpOBO

ro H3JIYtJ.eHH.SI IlpH. coopy.2KeBHH 3JieKTpOHHLIX KOJIJiaii,llepoB T3BHOro 

,llHaIIa30Ba 3HeprHii H Tpe6oBaHH.SI, Ilpe.zl'l,jJBJljfeMLie,B 3TOH cxeMe K 

JIC3-HCTOlJ.HHKaM. CqiopMyJIHpOBaHLI Te3HCLI, BLIHOCHMLie Ha 3a.I:QH

Ty. 

Bo BTOpoii rJiaBe o6cy.2K,llaIOTC}I fl>H3HtJ.eCKHe IlpHHUHnLI pa.6o

TLI JI C3, . npeHMym;ecTBa JI C3 no. cpaBHeHHIO -c HCTOlJ.HHKaMH OB

.IzyJljJTOpBOro H3JiytJ.eHH.H. IlpHBQZlHTC}I KJiacCHq>HKaJUli: JIC3 no Be

JIHtJ.HHe ycHJieHHjf Ha JI,JIHHe o6JiacTH B3a.HMO,lleHCTBH}I.- .Ilan KpaT

KHH a.IIaJIH3 ny6JIHKannii no xopoTK0BOJIHOBLIM JI C3. BoJiee .aeTaJIL

HO a.IIaJIH3HPYIOTCH JI C3 · MHJIJIHMeTpoBoro ,nuarra.30:ua, TeH.ZleH]lH}I 

HX pa3BHTU H B03M0.2KHLie o6JiaCTH HX HCil0JI1,30BaHH}I. CcpopMyJIH-. \ .. . 

, p0BaHa 3a,llatJ.a npoeKTHp0BaHH}I, 003,llaJIH}I H HCCJie.D.0BaHH}I JIC3-

HCT01J.HHKOB MHJIJIHM;eTp0B0ro ,llHaIIa30Ha C BLICOKOH s<M:>eKTHBHO

CTLB? Ha 0CHOBe ycxopHTefilHOH 6a3LI ycxopHTefilHOro no,npa3JI,eJie

HHj{ OH5IH - OTJI,eJia HoBLIX MeTO.llOB Y cxopeHHi: ( OHMY) H C03.lla.II

Hoii Ha• OCHOBe 3TOro no,llpa.3,neJieHH}I Jia6opaTOpHH CBepxBLICOKHX 

3HeprHii (JICB3). Ba3oBoii ycTa.IIOBKoii, Ha ocHoBe KOTOpoii npe,zuio

naraJioc1, C03.ZlaHHe JIC3, }IBJljfJicg HMnyfilCHLIH JIHHeiiHLiii HHJI.YK

UHOHHLIH ycxopHTeJIL :meKTpOH0B JIHY-3000 c sHeprueii 1.5MsB, 

TOKOM 200A H JI,JIHTefilHOCTl,IO HMnyfilCa 200Hc. 
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B TpeTLeii rJia.Be np1rne.ueHo 0ilHCaIIHe CHCTeM H3MepeHHjl napa

MeTpon 3JieKTpoirnoro . Il}"IKa ycKopHTeJI~ JIHY-3000 ( T0Ka, 3MHT

TaHca, K00p.I{HHaT UeHTpa TalKeCTH Jl' KOreppeHTHOI'O yrJia) Ha. Bhl".' 

xo.ne ycKOpHTeJij! H B B0JIHOBQlle JIC3. Pe3yJILTaThI H3MepeHHH no-

3B0JIHJIH c.n~aTb BhIBO,n, . 1:1;0 apKOCTb ny1:1Ka ycKOJ?HTeJIH JIHY~ 

3000 cpa.B~Hila c BeJIH>iHHaMH .sJpKOCT:H: nytIKa JIY1:IIIIHX 3JieK;pOHHhIX 

ycxopilTeJieii, Ha K0TOphIX np0BQllJIJIHCL 3KcriepHMeHThI no JIC3 B . . 
MHJIJIHMeTpOBOM . .I{Hana3oHe .I{JIHH B0JIH. . 

Bim BhI6paH nap~aHT cxe~ JIC3 ·co cITHpaJILHMMoH.nyJiaTopoM 

H npo,noJILHhIM MarHHThIM noJieM:· OCH0BHoe BHHMaHHe 6hIJio cocpe

.noTo'-IeHo Ha 06ecne1:1eHHH corJiaC0BaHHOH HHlKeKIUIH 3JieKTp0HH0ro 

ny1:1xa B KaHaJI JI C3, HCCJiellOBaHHH, ero· AHHaMHKH B npo.nom.HoM H 

- cyMMapH0M' (npo,nOJibHOM Bo H 011,aj,JI.sJTOpHOM Bw) MariIHTHhIX ·no

JIJIX, MHHHMH3auHH HCKalKeHHH Il}"IKa npH nxo.ne B o6JiaCTb B3aHM0-

.ueiiCTBH.sJ OT Hea,nHa6aTH'-IHOCTH BBo,na ( OT .I{JIHHhI nJiaBH0I'O BBQZla) 

H T •. ll- 3TH HCcJie.UOBaHHJI: ·npoB0.UHJIHCL, ·~ ocH~BHoM; ripH 3Ha'-Ie

HHJIX noJieii B1/), Bo, 6JIH3KHX K rrony11eHHhIM H3 oueH0'-IHhIX pac1.J:e

TOB, rrpHBe,ueHHhIX B,rmwe 4. OAHaKO, C y'-IeTOM cneUH<pHKll ny'lKa 

ycK0pHTeJIJI: JIHY-3000 3KCIIepHMeHThI no 0ilTHMH3auHH .JfHlKeK.llHH 

rry11Ka B o6JiacT»· B3aHMo.ueiicTBHJI rrpoBOllHJIOCL.TaKlKe n.6oJiee m11-

poKoM HHTepBaJie noJieii·(Bw, Bo), BKJIBJ'laJl'B03MOlKHOCTI, H3MeHeHHJI: 

HailpaBJieHH.sJ ( 3Ha.Ka) 3THX noneii Ha npoTHB0il0JI0lKHhle'.. 3To .Ua.Ba

. JI0 B03M0lKH0CTI, cpaBHeHH.!l pa3JIH1IHhIX cxeM JI C3' BKJIBJ'-IaJI TaKlKe 

HeHCCJie.ll0BaHHLie paHee. 
' , .B 3THX 3CIIepHMeHTax B BOJIH0B0,Zle l{JIHHOH lM H ,llHaMeTpOM 

19MM npH BhIKJIIO'-IeHH0M OH,ll)'JljlTOpHOM noJie ocymeCTBJieHa TpaHc

rropTHp0BKa rryqxa C T0K0M 0K0JI0 l0OA H PaAHa.JILHLIM pa3MepoM, 

He rrpeBhlillaIOillHM 6MM. B Pe3YJILTa-re HacTpoiiKH H onTHMH3a-

. UHH MarHHTHI,IX CHCTeM ycK0pHTeJI.!l H JIC3 IlpH TpaHcnopTHpOB

Ke rryqKa B BoJIHonone 6hIJia .nocTHriiyTa IIJI0TH0CTL TOKa oKoJio 

J = 1+3~A/c.w2, npH MaJILIX KoJie6aHHJl:X IlJI0TH0CTH TOKa !:::t.J/J < 
20%. Pe3yJILTaThI 3THX 3KCITepHMeHT0B H'axQlljlTC.sJ B yi:loBJICTBOpH

TeJILHOM corJiacJIH C pac11e~a.MH no ypaBHeHHIO BJiaAHMHpCKoro

Kan1IJIHCKOI'O. IlpH BKJII01IeHHH MarHHTHOI'O IlOJI.!l Bw, C03l{aBaeMoro 
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TOKOBhIM CIIHpaJILHhIM OH.I{yJI.!lTOpoM, H OilTHMH38.UHH pacrrpe,uene

HHjl 3T0I'O II0Jljl no ,l{JlHHe H pa.nnycy ocymecTBJieHa TpaHcnopTH

poBKa 3JieKTP0HH0I'O ny1IKa C IlJI0TH0CTbIO T0Ka 0K0JI0 l"A/ CM
2 

.(Be

JIH'-IHHa T0Ka paBH.!lJlaCL I,, = 50 + 75A) npH H3MeHeHHH Il0Jljl Bw 
.no 2.5 Krc. Ilpnne,ueHo orrHCaHHe pa3pa6oTaHHoii H onpo6onairnoii 

CHCTeMhI KOppeKUHH xorepeHTHoro yrJia 3JieKTpOHHOI'O Il}"IKa. 

B 1:1eTBepTOH r11a.Be o6ocH0BhIBaeTC.sJ Bhl6op . cxeMhI H OCHOBHhIX 

napaMeTpon JIC3 Ha 6a3e ycxopHTeJIJI JIHY-3000. IloKa3aHo, '-ITO 

B JIC3 M0lKeT 6hJTI, peaJIH30BaH pelKHM BhICOK0ro YCHJieHHJI, napa

MeTphI ycTaH0BKH Hax0.I{.!lTCJI Me)K.I{y K0MilTOH0BCKHM JI C3 BhICOKO

ro ycHJieHH.H H• pa.MaH0BCKHM JIC3'. Ilpn »cc.ne,uoBaHHH xapaxTepH

CTHK CBq-H3Jl}"IeHH.H B 3aBHCHMOCTH OT napaMeTpOB 3JieKTpOHHOI'O 

nyqxa H MarHHTHhIX noJieH JI C3 Hapg.ny c Tpa.nHUH0HHhIM pelKH

M0M JIC3-reHeparopa.6hIJipeaiIH30BaH 3KcnepHMeHTaJILHO HeHCCJie

.I{OBaHHhIH paHee pelKJIM 'pa.6oThI JI C3, n KOTOpOM HanpaBJieHHJI ':epa

meHHJI 3JieKTpoHoB II}"IKa • n rrpo,noJILH0M H OHllYJI.sJTopHoM MarHHT

HhIX · Il0JljlX · Jl:BJIJHOTCJI: · rrpoTHBOIIOJIOlKHLIMH. Oto6ei1HocTH pa6oThI 

JIC3 B 3TOM pelKHMe M0lKHO npoHJIJIIOCTpHpOBaTb Ha pHc.1. Ha 3T0M 

pHCYHKe IIOKa3aHa 33.BHCHMOCTI,. rrpo,nOJILHOH CKOpOCTH 3.rieKTpOHOB B 

JIC3 <>T neJIH'-IHHhI. rrpo,noJILHoro MarHHTHoro rr~JI rrpH q>HKCHponrur

HoM· IIOJie. OH.I{yIDITOpa.· TaKHe 3aBHCHMOCTH; IlOJIY'-IHBillHe Ha3Ba11He 
, •• • . . I • • 

.UHarpa.MM <l>poiiHlla, IIOJIBJI.!lBJTCJI B pe3yJILTaTe pemeHH.!l ypaime-

HHJI qeTBepTOii cTerreHH .n.n~ cKopocTH 3JieKTp0H0B. He3Ha'-IHTeJILHoe 

yneJIH'-IKHHe IlOJIJI: OHilYJIJ1Topa rrpHB0.UHT "K yneJiH'-IeHHIO pacKpI,IJ3a 

l{HarpaMMbl <l>poiiH.Ua". li3 pHc.la BH,UHO, 1ITO q>HKCHpOBa.HHOMY:3Ha

'-IeHHIO rrpo.noJILHoro MarHHTHoro rroJI11 cooTBeTcTnyeT, noo6me rono-
/ i ' - '-: • ' ' ., 

pg~ TpH .neHCTBHTeJILHbIX 3Ha'-IeHHH IIpO.UOJILHOH CK0p0CTH 3JICKTpO-

HC>B•. y CTOH'-IHBLie pemeHHH, Ha KOT0pLIX B03M0lKH0 C03WlHHe JIC3, 

IIOJiy1:1aBJTCH Ha BeTB'sl~ l H 4 (pHc.la), BeTBH 2 H 3 COOTBeTCTBYIOT 

6onLIIIHM 3Ha'IeH~HM rroriepe'IHoii cKopocTH. EoJILIIIHHCTBo 3Kcn~pH

MeHTon· no JI C3 6hIJIH BhIIl0JIHeHhI Ha BeTBH 4. 3To He B noCJie,uHIOIO 

01:1epe,z:u. CBH3aHO C Heo6XQllHMOCTbIO HCIIOJib30BaJIHjl 6om.IIIHX BeJIH-

1:IHH IlpQll0JlbH0ro MarHHTH0I'O IJ0Jljl ,llJljl TpaHCII0pTHp0BKH CHJILH0-

TO'-IHhIX · 3JieKTpoHHhIX ny1:1KoB. • 
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PHc. 1. .llHarpaMMld <I>poHH,lla. HJIJIIOCTpaiuu1 BLI6opa pe2KHMa pa-
6oThl JI C3. 

qeTBepTLIH KopeHL ypaBHeJUI ,l:{Jlj{. CKOpOCTH HOJIY1IaeTC.sr npH OT
pnaTeJILHI,IX 3Ha1:leHH.sIX npo,llOJILHOro Mal'HHTHOro HOJI.sr. 3TOT KO

. peHL COOTBeTCTBYeT OTPHUaTeJILHOMY 3Ha1:leHHIO IlpO,l:{OJII,HOH. CKO

p0CTH 3JieKTpOHa { T. e. CKOp0CTH, IlpOTHBOilOJI02KHOH BanpaBJieHHIO 

pacnpocTpaHeBH.sr nyqxa) H B CHJIY 3T0ro (?6hl1:1Bo OT6pachlBanc.sr, K,a.K 
, Heq>H3H1:IBLIH. B HaIIlHX pa.6oTax, BhlH0JIBeHHhlX C0BMeCTHO C COTPY.ll-

, I 

HHKaMH KHeBcxoro focy~apcrneHHoro YHHBepcHTeTa, 61,1no noKMa-
Ho, 1:IT0 npH "OTpHD;aTeJILHhlX" 3Ha1:leHH.sIX npo,noJILH0ro Mal'BHTB0ro 

noJI.sr M02KH0 noJIJ1IHTL Tpe6yeMoe AJI.sr JI C3 3Ha1:1eHHe npo,noJILHOH 
CK0pOCTH 3JieKTp0H0B (cM. BeTBL 9 pHC. 16).3TOT pe2KHM Ha3BaH Ha:

MH "JIC3 c o6paTHhlM Be.nyIIlHM Mal'HHTHhlM IlOJieM",. EcTeCTBeHHO, 

Ta.KHe Pe2KHMhl peaJIH3YIOTC.sr npH ,llpyrHX 3Ha1:leHHBX 0H.zlYIDIT0pHoro 

Il0JIB, T. e. Ha ApyrHX BeTBBX .l:{HarpaMM <I>pOHH,l:{a. O.lUIHM H3 01:le

BH,l:{HI,IX ,l:{0CTOHHCTB pa.6oThl JI C3 B 3TOM pe2KHMe JlBJIBeTCB TO, 1:ITO 

B· 3TOM .CJIY1Iae 3Ha1:IHTeJILH0 ,CJia6ee np0BBJI.srIOTCB Be2KeJiaTeJILHI,Ie' 

BBJieHHB, CBB3aHBhle C I{HKJIOTp0HHhlM pe30HaHC0M, H ynpom;aeTc.sr 

OTCTpoiixa OT pe30HaHCa npH Bhl6ope Pe2KHMa pa60TI,I JI C3 •. 
B 3TOH rJiaBe npHBe.!leHhl TaK2Ke pe3yJILTaTI,I 3KCilepHMeHTOB no 

HCCJle.!lOBaHHIO xapa.KTepHCTHK JI C3 B TPaAHilHOHHOM pe2KHMe ( c co-, 
rJiaCHhlM HanpaBJieHHeM Be.uymero Mal'HHTH0I'O H0JI.sr, B6JIH3H pe2KH-, 

Ma UHKJI0Tp0HH0I'O pe30HaHca) H B pe2KHMe C o6paTHhlM Be.!lym;HM, 

Mal'HHTHI,IM HOJieM. B o60HX CJIY1:laJIX Ha BLIXO,l:{e JI C3 Il0JIY1IeHa 
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PHc. "2. lfaMepeHHaJI . . cneKTpaJILHaJI xapa.xTepHc
THKa JIC3-reHeparopoB B pe2KHMax c corJiacHhlM (1) H o6paTHLIM 
(2) HanpaBJieHHBMH Be.uym;ero Mal'HHTH0ro Il0JI.sr. 

,, ' ' ' \ ' . ' 

M0m;HOCTL CBq-H3JIJ1IeHH.sl (3 - 5)M Bm, 1:IT0 C00TBeTCTByeT 3$
$eKTHBHOCTH JIC3-remipaTopa (5 - :)%. O,nHaKo, crreKTpaJILHLie 
xapa.KTepHCTHKH H3Jiy1:1eHHJI B 3THX pe2KHMax CHJil,H0 pa3JIH1:laIOT

CJI: B JIC3 c corJiacHLIM HarrpaBJieHHeM II0JIJI Ha6JIIO,l:{aJICJI IIIHpOKHH 
r '1 C 

crreKTp H3Jly1:1eHH.sr (oT 4MM AO 12MM). B JIC3 c o6paTHLIMMa~HHT-
HhlM IlOJieM H3JIJ1IeHHe 6hlJIO cocpe.uoTo1:leHO B Y3KOM crreKTpWH<?M 

HHTepBane, IIp1PieM H~eH H 3KCIIepHMeHTaJILHO orrpo6oBaH rrpo

CTOH cnoco6 peryJIHP0BKH .l:{JIHHI,I B0JIBhl H3JIJ1IeHHB. EcTeCTBeHHO, 
1:ITO B YKa3aHH0M HHTepnane ,l:{JIHH B0JIB HHKpeMeHT H3JIY1:leHHB B 

JI.C3-I'E!HepaTope C o6paTHhlM II0JieM II0JIY1:IHJICJI cym;ecTBeHH0 Bhl

.me, 1:leM B peaJIH30BaHHOM JIC3 C corJiacHI,IM HanpaBJieHHeM II0JIJI. 

3To HJIJIIOCTpHpy~Tc.sr Ha pHc.2. 
B mITOH :rJiaBe rrpHne,ueHI,I pesyJILTaThl 3KCHepHMeHTOB no co-

' ' : ' ,,' . ' . 
3.l:{aHHIO JIC3-ycHJIHTeJI.sr B pe2KHMe c o6paTHhlM Hanp~JieHHeM Be-
.l:{ym;ero Mal'HHTH0I'O IIOJI.sr. Ha OCH0Be pe3yJILTaTOB, rroJiy1:1eHHhlX rrpH 

HCCJle.!l0BaHH}l JIC3"'.reHeparopon, B pe2KHMe c o6paTBhlM HarrpaBJie
HHeM npo,nomHoro Mal'HHTHoro noJI.sr .6hlJI C03.llaH JIC3-yCHJIHTeJIL 
Ha 1:lacT0Te 36, 4I' I'q. IIony1:1eHa 3$q>eKTHBHOCTL JIC3-ycHJIHTeJIJI, 
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pa.BHaJI (5-7)%, KaK H B reHepaTopHOM pmKHMe. B pe:HrnMe c corJiac

HhIM Hanpa.BJieHHeM npo.uom,Horo MaJ:HHTHOro IIOJIH He Y.UaJIOCL pe

aJIH30BaTL aHaJIOrH'IHhIH 3KcnepHMeHT no 3anycxy JIC3-ycHJIHTeJIH. 

C ueJII,K) IIOBI,IIDeHHH 3<t><l>CKTHBHOCTH JI C3-ycHJIHTeJIH 6h1Jlo pea

JIH30BaHO HecKOJILKO cxeM np0<l>HJIHpoBaHHH MarHHTHoro noJI.SI oH.uy

JIHTOpa. ilpHBe,lleHO OIIHCaHHe napaMeTpOB 3KCIIepHMeHTa, B KOTOpOM 

B pe3yJILTaTe npoq>HJIHPOBaHml IIOJIH BHrrJiepa 3q>q>eTHBHOCTI, JIC3-

ycHJIHTeJIH YAaJIOCL IIOBhICHTL JJ,O ( 20 - 30) % ( MOIUHOCTI, Ha BLIXO,D;e 

JIC3 cocTa.BHJia oKoJio 25M Bm.) ilpoaHaJIH3Hpa.BaHlil ocHOBHhle HC

TO'IHHKH YIIIHPCHHH CIICKTpa B JIC3. OcHOBHOe BHHMaHHe o6pama

JIOCL Ha pelKJIMJ,I, B KOTOpI,IX rrpoBOJJ,HJIHCL HCCJie,llOBaHHH Ha .llaHHOH 

ycTaHOBKe. 

fl 3aKJiio1ICHHH H3JI02KCHI,I BI,IBO,lJ;I,I pa60TI,1 H YKa3aHI,1 B03M02K

Hhle npHMCHCHHH pe3yJII,TaT0B pa60Tlil. 

3 OCHOBHhlE PE3YJihTAThl H BhlBO.llhl .llHC-
CEPTAIJ;HH 

fl ,UHCcep~amrn pemeHa 3a,D;a1Ia C03,llaHH.ll Ha OCHOBe ycKOpHTeJII,HOH 

6a31,1 JICB3 OH5IH JIC3-reHepaTOpoB H JIC3-ycHJIHTeJieii c Bhlco

Koii 3q>q>eKTHBHOCTl,IO H HCCJIC.llOBaHhl HX xapaKTepHCTHKH H oco6eH-

HOCTH HX pa6oThl B pa33IH'IHl,IX pe2KHMaX. ' 

TLI. 

Ha 3am;HTY. BhIHOC.llTCH CJie.uyIOIIlHe OCHOBHhle pe3yJILTaTlil pa6o-

1. Ha 6a3e JIHHCHHOro HH.UYKllH0HHOro yCKopHTe

JI.SI JI.HY-3000 co3,uan JIC3-reHepa-rop MHJIJIHMeTpoBo

, ro JlHaIIa30Ha, pa6oTaK>IIlHH no cxeMe c6 CIIH_PaJIJ,HLIM 

TOKOBI,IM OH,D;yJI.SITOpOM H Be.nyill,llM MarJIHTHl:iIM IIOJICM. 

Bn,epBI,Ie nap.HAY c Tpa,D;HllHOHHl:iIM JIC3-renepaTOpOM, B 

KOTOpOM nanpaBJieHHe Bpam;eHH.SI 3JICKTpOHOB B npooJIL

H0M H 0H,D;yJI.SITOpHOM MarHHTHhIX IIOJI.SIX COBIIa,D;a.IOT, '3xc

nepHMeHTaJILHO peaJIH30BaH JIC3-reHeparop, B KOTOpOM 

3TH Hanp'a.BneHJ!H BpamenHii npoTHBOIIOJI02KHhl. 3TOT 

JIC3-reHepaTop Ha3Ban HaMH JIC3 c o6paTHI,IM Be.uy-

IO 

11, 

IUHM MarHHTHI,IM IIOJICM. B o60HX pe2KHMax noJiy'leHa 

MOIUHOCTL renepamm (3 - 5)M Bm, 'ITO COOTBeTCTBYCT 

Kil.II renepaTOp0B (5 - 7)% npH T0Ke nyqxa Ha BLIXOAC 

o6JiaCTH B3aHMOJJ,CHCTBH.SI (50 - 75)A. 
2 . .HcCJie,uOBaHlil 3a.BHCHMOCTH MOIUHOCTH H cneKTpa 

Cflq-H3Jly,IeHH.SI Ha BLIXQZlC JIC3 OT napaMeTpOB 3JICK

TpOHH<>ro IIyqKa H MarHHTHLIX noneii JIC:3 •. 3xcnepH

MeHTa.rrLHO IIOKa3aHO1 'ITO npH O,lJ;HHaKOBOM ypoBHC Cflq

MOIIlHOCTH H~ BLIX0JJ.e JI C3 B o6oHx HcCJie,uoBanHLIX pe--

2KHMax B JI C3 C o6paTHI,IM BCJJ.YlllHM MarHHTHI,IM IIOJieM . . . . 

nonyqaeTC.SI .B ,uec.SITKH pa3 6onee BlilCOKaJI cneKTpafil-. . .; '' ' . .. ' ' ·:,_, '' 

HaJI. IIJIOT~OCTL H3JIY1ICHHH, 'ICM B Tpa.n;HllHOHHOH cxeMe 

JIC3 •. (ilo.u cneKTpafilHOH IIJIOTHOCTLK> II0HHMaeTC.SI OT

nomeHHe BeJIH'IHHLI. CB q_ MOIIlHOCTH. B .Zl~IHOM HHTepBa~ 
: 1 • ,,'.l, ·t ,. · • , . • " · ' ': 

ne .UJIHH BoJIH K BCJIH'IHHe 3TOro llHTepBana). ilony'IeH-

HhIH pe3yJILT<lT ,neJiaeT ~~eMy JIC3 C o6p~THI,IM Be.uy-
- . . ' \ . ' , 

IIOIM IIOJICM nepcneKTHBHOH JJ,JIB C03JlaHH.SI MOIIlHlilX HM-

IIyJII,CCHlilX Y3KOIIOJIOCHLIX reHepaTOpOB H ycHJIHTeJie:ii KO-.. ·, (. ,. , " . . 

poTK0BOJIHOBOro H3JIY1IKHHH. 

3. BnepBlile B CXeMe CO CIIHpaJILH~ BHrrJiepOM H 

o6paTHI,IM BC;zymHM MarHHTHlilM II0JICM C03AaH JI C3-

' ycHJIHTeJII, Ha :.iacT~Te 36.4I' I'q. ilpoBe.n;eHO HCCJie,u~Ba

HHC xapaKTepHCTHK H3JIJ11IeHHH ycHJIHTeJIH. Ha BLIXO.Ue 

JIC3 IIOJiyqeHa cBq-MOIUHOCTI, (3 -: 5)M Bm, 'ITO co

OTBeTCTByeT 3q>q>eKTHBHOCTH ycHJIHTeJI.ll (5- 7)%. 3TOT 
:,· ' - ; • l 

ypoBeHL MOIUHOCTH COOTBeTCTByeT pe:HrnMY HaclilllleHH.ll 

YCHJIHTCJIH. 

4. _B pe:HrnMe JIC3-ycHJIHTeJIH c o6paTHI,IM Be.UymHM 

MarHHTHlilM IIOJieM ocym;ecTBJieHO IIpOq>HJIHpOBaHHe Mar

HHTHOro IIOJI.SI BHrrJiepa no onpe.ueneHHOMY 3aKOHY, 'ITO 

IIO3BOJIHJIO JBeJIH'IHTL Kil.II ycHJIHTeJIH AO (20 - 30)% . 
. 5. ilpoBe,ueHlil HCCJie,llOBaJIH.SI xapaKTep,llCTJIK nytJKa 

JIHY-3000 H OIITJIMH3auH.SI CHCTeMM HH2KeKllHH IIyqKa B 

MarHHTHJK> c11cTeMy JIC3. B o6JiacTH B3aHMo.n;e:iicTBH.SI 

11 



nony11ena nJIOTHOCTL J TOKa ny-qxa J = (1 - 3)~A/ cM
2 

npH KOJie6a.HH.8X (t1J/J) < 20%. 

OcHOBHLie pe3yJILTaTLI pa6oTI,I ,UOJI02KeHLI Ha 11 H 13 Bceco
I03HI,IX COBemaml.llX no ycxopHTeJI.IIM 3ap.112KeHHLIX 11aCTHU (1Iy6-
Ha,1988r, .Ily6Ha 1992r.), Ha BTOpOM BCeCOI03HOM COBeII(a.HHH no HO
Bl,IM MeTO,UaM ycxopeHH.11 3ap.112KeHH1,IX 'laCTHU (Hop-AM6ep.n; 1989), 
Ha CellLMOM ceMHHape IIO BLICOKOtiaCTOTHOH peJI.IITHBHCTCKOH 3JieK

TpOHHKe (ToMCK, 199lr.), Ha 14 Me2K.D;yHapo.n;HOH KOH4>epeHUHH IIO 

ycKOpHTeJI.IIM BLICOKHX 3HeprHH (IJ;yKy6o, 5IIIOHH.II 1989), Ha TpeTLeii 
(IlpoTBHHO 1991}' H 'leTBepTOH (rapMHm-IlapTeHKHpXeH, repMa
HH.11,1992) Me2K.D;yHapo,UHl,IX pa60'IHX rpyrrnax IIO JIHHeHHI,IM KOJIJiaii
.n;epaM, Ha' 14 H 15 Me.>KJlYHapo,UHLIX KOH<pepeHUH.IIX IIO JIC3' (Ko63, 
5InoHH.II' 1992 H Xary3, HH.n;epJia.H.D;I,I, 1993), Ha SPIE Symposium on 
Intense Microwave and Particle Beams III (Jloc-A11.n;2Kenec, 1992). 

OCHOBHI,Ie Pe3YJILTaTLI .llHCCepTaUHH ony6JIHKOBaHLI B CJie,n;yIO
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