
.r~ 

~ 

U.ti. ULtituwOjwG)l wfitlwfi t;Pb'-1.Uut> !bMlf'l4USt> P'uUSt>Snts 

f'f'lbmpnuJwG Uwpqf14 LJntllt.lflq.)1 

uruqus4uo tLttisrnuuatiu <Du~trto <1>muUf2'ltsntrasntu~ PUP:)f' 

9UfiUtuU4ULntiasuu t4b4Sf'UUUq.uf'IUU4Uu 'l-UtSbf't> 9bS 

U.04.20-<<L)lggwlf.npl.[wo llwuCiflllubpfl Lflu2bpfl ~pq)ll.lw Li. 

wriwqwgmg!WJfl(j mbfuCiflllw» llwuuwq.)1utmpJwllp 

~f1qf14wllwpb:tlwm)14w4wCi qflmntpJmfifibpl't 

l'l"~Lnnflfl q.f1utw4wCi wumfniwCifl hwJgtlwCi wmbliwfunumpJwfi 

Ub'llJUQN' 

triL.wfi -2008 

IPllAHCJGIA cJ>H3HllECKHA HHC'IHTYT HM. A.H. Anmwurna 

OITpOClll MapsHJC Jbo~HI'OBH"I 

llAHMO,DJdtC'rBMB YCKOPBHHbIX 3JIEKTPOHHbIX flYCIKOB C 

lltlCOXO'IACTOTHJdMH 3JIEKTPOMAf'HMTHbIMH ITOIDilv.IH 

ABTOPEC!>EPAT 

"'9100lp'l'lllJlll Ha COHCtcaHHe y'leHoA CTEmeHH ~OI<TOpa 4,>H3HKO-MaTeMaTH'lecKHX 

Ml)'K no on•J.lHIJU1HOCTH 01.04.20 - «Cl>H3m<a Il)"ll<OB 3!lp.IDKeHHLIX 1l8.C'l'HI:I H 

ycr<opwre.n:1>HU rexmnca» 

Epe:san-2008 

l 



UmbCiwtunumpJWU phllwfi hwutnwtn4_w6 t U. ULJ1tuw0JWCiJ1 wCill,wQ 
bpli.wGti :PJ1qtl4WJJ1 j1Gumpmnwmul: 

'l'Jw2mnGwl!wCi [!Cirtrit11lwtunuGbp' 
:pJ1q6wp. qrm. 11-nl!tnnfl, wljw11-buj1L1nu 11.=\. U4,wq.JwCi (brt!bl"'), 
:ppquwp q.pui. 11-n4tnnp U.Q.. =\mlhwGOtiuJWO (<Dile:? Lwqb(lWJJ1u 
mbtuGtiltw), 
:ppquwp ajltn. qnl!tnn(l t.U. PbrunJWO (bfl!bl"): 

Unw2w1J1wf1 qwqllw4bflll!nLPJnLli • bnli.wliti 'l'Jbtnw4w0 
hwliwL UWflWG 

'1'1W2Ulll!WUOLPJnLU(! ltWJWliWLnL t 2008p. hnLLnuti 22-tiG. ctwll(! 14°
0
-

pG t;p!hti-mll q.npcm11. Pn=\-p 024 llwu0wq.J1tnw4w0 tunflhllflti Gpul.llnul 
(375036, bpllwCi, ULf'ltuwujWG 011.PWJflObriti Lfmfl. 2): 

UtnbuwtunumpJWCi[! t.iw11bL'1 t 6wCmpwGWL U. ULf'ltuwGJWfi!'l wQt.{wG 
bpli.wfiti !ppqtiltWJP J1Ciul1lJ1UlnLlllP q.(lWJlWflWOnul: 
Ub11.uwqJ1pCi wnw9t.{w6 t hmCitiuti 21 -J1Ci 2008 p. 
UwuGwq.)1mwt.iwCi tunnhp.f1.J1 q.\1lllW4wO QWf1lllnLfl.Wfl, 

!\:>\1q. uwp. q!lmnLpJmGCibp\1 qnl!lllnfl (7. v;JH:j./# t.'1. Q.wqwcuwO 

TeMa ,!(HccepTan;HH yrnep)K)l;eHa B EpeBaHCKOM cpH3H'iecKOM HHcnrryte 

HM. A.H. A.rrHxaJUIHa 

Oqrn:I'(Ha.JibHI>Ie onnoHeHTbl: 

,!(OKTOP qno.-MaT. HayK, aKa.!(eMHK P.O. A.BaJ.OIH (Ep<l>H), 

,!(OKTOp qno.-MaT. HayK C.r. 0raHec$IH (AQ3T JlasepHa$I TeXHm<a), 

,!(OKTOP $H3.-MaT. aayK 3.A. BerJIOj{H (Ep<l>H). 

3aIJ.(HTa COCTOHTC'1 22 HIOIDI 2008r. B 14
00 

q. Ha 3ace,!laHHH 

cnel'(HamnHpOBaHHOro co:sera BAK 024, ,neifcTByrom.ero npH EpeBaHCKOM 

cpH3Hl!ecKOM HHCTHTYTe HM. A.H . .AJmxa:IJ.SIHa, (375036, yJI. BpaTbeB .AlmxaIDIH 

2, -r. EpeBaH) 

C ,nHccepw.uee:il: MO)l(HO 03HaKOM1iTI>C11 B 6H6JIHOTeKe EpesaHcKoro 

cpH3R'tecKoro ~rnCTHTYTa HM. A.11. Amaxaruma. 

ABTopecl>epaT pa30CJiaH 21 moIDI 2008r. 

Yqeiu.rli ceKpeTap:& cneu;. COBeTR, ,a:. q,. M. H.d. ~" 3. ~. ruu1111 

\ 

Oli:IQAH XAPAKTEPBCTBKA P.AliOTbl 

AK"fYBJihHOCTh TeMhl .11.eccepTanuu o6ycJIOBJieua CJie,11.ymIQHM. Bonpoc:&1 

B3aHMo.neiicTBIDI :meKTpOHHblX IIY'l:KOB c BbICOKO'tJ:aCTOTHbIM 

3JieKTpoMarHHTHbIM rroJieM rrpe,a;cTaBmIIOT rrepBocTerreHHyro BroKHOCT:&. OHM 

onpe,neMIOT B cymecTBeHHOH Mepe pa3BHTHe TaKHX HanpasJieHHH, KaK 

YCKOpHTeJibHM l}>H3HKa H TeXHHKa, pa,nHOTeXHHKa H 3JleKTpOHHKa, OCBOeHHe 

HOBblX ,D;HaIIa30HOB 'tJ:aCTOT 3JieKTpOMarHHTHblX BOJIH H T.)J;. 11HTeHCHBHbie 

HCCJie,IJ;OBaHH'1, BeizymHecx B 3TOM HanpaBJieHHHH 3a IIOCJie)J;HHe 20-30 JieT, 

CBJI3aHbl, B OCHOBHOM, C IIOHCKOM HOBbIX MeTO.ZJ;OB YCKOpeHHJI H HOBbIX 

HCTO"IHHKOB H3JIY'tfeHmI B BH,!(e CHHXpOTpOHHoro H3Jiy'tfeHHJI H Jla3epoe Ha 

CB06o,nHbIX 3JieKTpoHax. ' 

HacTOJ!maJI ,nHccepTa:QHJI IIOCBHmeHa HCCJie.!(OBaHHJIM CJieizy10m11x 

OCHOBHbIX npo6JieM, CBJl3aHHhIX c B3aHMO,IJ;eHCTBHeM 3JieKTpOHHoro IIY"IKa c 

BhICOKO'tJ:aCTOTHbIMH DOJIJIMH: 

1. 0nTHMH3annH napaMeTpOB Tpa.11.unnoHHblX ycKOpHTeJieii. 

B Tpa,nHQHOHHbIX ycKopeTeMx Borrpoc:&1 HHX<eKUHH 'tfaCTHU: B yc1<0peTeJib 

rrpe.o;cTaBJimoT nepBOCTeneHHYIO BIDI<HOCTh. 0HH onpe,neJIJllOT, B 3Ha'tJ:HTeJibHOH 

CTeneHH, TaKHe OCHOBH:&Ie napaMeTpbl, KaK HHTeHCHBHOCTb ycKopeHHOro ny"IKa 

H ero CTa6HJibHOCTb. BIDI<HOH JIBJIJieTC$I IIpH 3TOM npo6JieMa HHX<eKQHH 'tfacnn~ 

B 3JieKTpOHH:&IH CHHxpOTpOH. Crren;Hlj_JHKa 3,l(ec:& o6ycnoBJieHa TeM, 'ITO 'IaCTOTa 

ycKopgromero IIOJ1'1 JIHHeHHbIX ycKOpHTeJieH, HCIIOJib3yeMbIX B Ka'tJ:eCTBe 

HHX<eKTOpOB, o6:&I'IHO cymecTBeHHO 6oJibllie ycKopxromeii 'tJ:aCTOTbl caMHX 

CHHXpOTpOHOB. JTO 03HaqaeT, 'ITO Ha 0,!(HH nepHO,l( ycKopxromero nom1 

CHHXpOTpOHa npHXO,l(HTCJI HeCKOJibKO crycTKOB 'tJ:aCTHU:, BblXO,nJIIIIHX H3 

HH:>KeKTOpa, IIpWieM JIHIIJb 'IaCTb HHX<eKTHpyeMbIX crycTKOB IIona,n:aeT B 

o6nacTh ycToliqHsocTH lj_Ja3 KOJibl(eBoro ycKopHTeJI.11. CrycTKH 'IaCTHU:, 

HH:>KeKTHpyeMbie BHe 06nacn1 ycTOH'tJ:HBOCTH cpa3, BCKOpe TepJI10TCJI. 
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CymecTBOBaHHe TaKHX, 3ase,D.0Mo o6pe'IeHHbIX Ha noTepio, crycTKOB Beci.Ma 

He)l(eJlaTeJlbHO no pSI.D.Y npH'IHH: 

a) 3arpy)l(aeTCSI Bq CHCTeMa CHHXpOTpOHa, 

6)3arpy)l(aeTC.SI HH)l(eKTOp, 'ITO npHBO,D,HT K yMeHJ>WeHHIO npe,D,eJlbHO 

,D,OCTH)l(HMOH seJIH'lHHbl TOKa ycKOpeHHblX qaCTHU B o6nacTH cpa30BOH 

ycTOH'IHBOCTH CHHXpOTPOHa npH TPe6yeMOH KOHe'IHOH 3Heprmi: qaCTHU: Ha 

BblXO,D.e HH)l(eKropa, 

s)yBeJIH'IHBaeTCSI sepoSITHOCTb pa,u,HBUHOHHOrO noBpe)l(,D,CHH.11 BaKyyMHOH 

KaMepbI CHHXpOTpOHa. 

Y CTPaHeHHe He)l(.enaTeJibHblX crycTKOB nyqKa HH>KCKTOpa MO)l(eT 6b1Tb 

,D,OCTHrH)'TO c IlOMOmJ.10 rpynniq>oBaHH.11 HJIH npepbIBaHH.11 ny1.1Ka HHX<CKTOpa. 

IlpH npepblBaHHH npoHCXO,ll.HT OTCC'IICa TOKa nyqxa HCTO"IHHKa 3JleKTpOHOB B 

TeX l},>a30BblX HHTepsanax, r,D.e crycTKH He 3aXBaTblBalOTCJl B pcX<HM ycxopeHH.11 

B cHHXPOTPOHe. A npH rpynniq>OBKe 3neKTPOHbl H3 3THX HHTepsanoB 

co61q>ruoTcg, rpynnHpyroTc.11 B o6nacrn: prumosecHoA <l>a3hl ycxopsi:romero 

Hanpg)l(eHH.11 CHHXpoTpoHa. Cne,11;0BaTeJI1>HO, ecnH npH npepbIBaHHH TOKa B 

cct>opMHpoBaHHblX crycTKaX Ha BblXO,D.e rpynniq>OBaTCJljl paBHa cpc,11;HeM)' TOK)' 

3JieKTpOHHOro HCTO"IHHKa, TO npH rpynniq>OBKe oHa MO:>KeT 6b1Tb 60JI1>llle. 

2. llccJieAOBBHHe HOBblX MeTOAOB ycKopeHHH. 

HoBble MeTO.Il.hl ycKopeHM npe,l.lnonararoT B qacTHOCTH HcnoJIL30BaHHe ,!J.JUI 

3TOH UeJJH CHJlbHblX noneu H3JIY<IeHHSI MOJ.UHblX nasepoB HJIH KHJlbBaTepHblX 

BOJIH B nnasMe. Kax H3BeCTHO Tpa,l.IHUHOHHa.SI ycxopHTeJILHWI TeXHHKa He MO>KeT 

Y.l.IOBJleTBOpHTL B03pocnrne TPe6oBaHHSI cospeMeHHOH cpH3HKH 3neMeHTapHbIX 

qacTHU: H3-3a pe3KOrO sospacTaHHSI Macnrra6oB H CTOHMOCTH ycxopHTeJieH c 

pocroM 3HeprHH ycxop.H.eMLIX qacTHU. B 3TOH cB.113H cTaHOBHTC.11 saxcHI>IM 

HCCJie,ll;OBaHHe HOBblX MeTO,!lOB ycKopeHM, KOTOpble MOrJIH 61>1 y.nerueBHTb 

pacxo,l.lhl Ha 
e,l.IHHH"ll;y 3HCprHH, yMeHblllHTb pasMepbl MaWHH nyTeM 

3Ha<JHTeJibHOro yseJIH<ICHH.11 TeMna ycKopeHHjJ: H yBeJIH'IHTb TaKHM o6pa30M, 

npe,Z1;eJibHyro 
3Heprnro ycxopsi:eMblX 11acTHU. Cpe,D,H B03MO)l(HblX cxeM 
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paccMaTpHBaJOTC.11, B nepByIO oqepe,D.L, Te, KOTOpble HCilOJib3YIOT O'ICHL CHJILHbie 

nonsi, nonyqaeMble B MOII(Hb!X nasepax. 

B HaCTOJIW.ee BpeMJl Jla3epHble ycxopHTCJIH pas,D.eJieHbI Ha TpH OCHOBHbie 

rpynnh1: 

• ycxopeHHe qacTHu; IlOruIMH noBepXHOCTHhlX BOJIH, o6pasyromHXC.ll B6JIH3H 

MeTaJIJIH'leCKHX HJIH ,ll.H3JICKTpH<IeCKIDC° rpaHHU; 

• ycKopem1e nomIMH, B036y)IC,D.eHHhlMH B rasax ( o6pam;eHHhlH 'lepeHICOBCICHH 

3cpcpeICT, IlJla3MeHHble BOJIHLI); 

• ycKopeHHe 'laCTHQ ",D.aJibHHMH" IlOJI.!IMH - o6pa~eHHhle JHl3epLI Ha 

CB060,l.IHblX 

3JieKTpOHax • 

B nocne,D,HHe ro,l.ILI wHpoKo 06cy)J(,l.laeTc.11 MeTO.D. nasepHoro ycKopeHH.SI 

3ap.!1)J(eHHbIX 'laCTHU B OH,D.yJl.!ITOpax KaK OrofO H3 nepcneKTHBHhlX HanpasneHHH 

pa3BHTH.!1 TeXHHKH ycKOpHTeJieH. IlpeffMYmecTBOM 3Toro MeTO,D.a .!IBJI!leTC!I 

B03MO)J(HOCTh ycKopeHH.!1 HHTeHCHBHhlX ny'IKOB (-KA) H OTCYTCTBHe cpe,l.I H 

IlOBepXHOCTeii, orpaHH'IHBaro~HX uanpH)ICeHHOCTb 3JieKTPH'lecxoro nom1 H TeMil 

ycKopeHlfil. Ilonepe'iHbie OCil.HJlJI.!lll;HH nyqKa HaKJia,D.hlBaIOT orpaHHqeHH.!I Ha 

npe,D.eJILHO ,D;OCTH)ICHMYIO 3HeprHIO. IlpH 3TOM 3HepraH nopJI)l;Ka COTeH r3B, no­

BH,ll.HMOMY' JIC)ICaT B npe,nenax B03MO)ICHOCTeH MeTO,D.a. TeopM 3TOro MeTO,D.a 

.nocTaTO'iHO xoporno paspa6oTaHa, H co3,D,aHhl npe,D.nocblJIKH nepexo.na K 

3KcnepHMeHTaJibHblM HCCJie,D.OBaHH.!IM, KOTOpble 6hIJIH Ha'laT.bl B l 990r B Ep<l>.I1 

H npo,D.OJI)ICalOTC.ll BO MHOrHX HayqHLIX u;eHTpax MHpa no ceH. ,D.eHL. 

l1,D.eH 0 B03MO)ICHOCTH HCilOJIL30BaHHH npo,D.OJILHLIX KHJI&BaTepHLIX BOJIH, 

B036y)IC,l.laeMLIX ,l.IBH)l(y~HC.SI B IlJla3Me crycTKaMH 3JICIClpOHOB, ,ll.ruI 

ycKopeHH.!1 3ap.!1:lKeHHhlX 'laCTHIJ. 6LI.JIH BLICKasaHLI em:e B 50-x ro}:(ax. HHTepec K 

PWA (Plasma Wakefield Accelerator) so3pO'AHJIC.ll B cepe.D.HHe 80-x ro,n:oB B 

cepHH TeopeTH'leCKHX pa6oT, B&monueHHhlX B SLAC, Ep<l>.I1 H UCLA. 

B cxeMe PWA nepBhlH - 6onee cHJILHOTO'IHbIH crycToK - Bo36ylK,ll;aeT B 

IlJla3Me npo.n.onLHLie KHJILBaTepHbJe BOJIHhl, a BTOpOH crycTOK, HaxO,l.IJl~HHC.!I B 

no.nxo,n;.llm;eH cJ.>ase nnasMeHHOH BOJIHhl, ycKop11eTc.!I. B TeopeTH'leCKHX pa6owx 
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npe,n;CKa3bIBaeTCll BO:!MO)KHOCTL o6ecneqeHJUI TeMna ycKopeHIUI B HeCKOJILKO 

f3B/M. 

3.Hcce,noeaHHSI ,UJISI C03)J.3HHSI HOBbIX HCTO'IHHKOB H3JJY'leHHH H oceoenue 

HOBLIX ,nuana30HOB '13CTOT 3JleKTpOM8rHHTHLIX BOJIH. 

IT8.3epi.1 Ha cso6o,nHhIX 3JieKTpOHax (ITC3) xsJigIOTCX nepcneKTHBHLIMH 

HCTO'IHHKaMH KOrepeHTHOro H3nyqemrn 6naro.n;apll B03MO)KHOCTH nepeCTpOHKH 

qaCTOTbl B urnpoKOM ,n;Hall830He ,lJ.JIHH BOJIH H BLICOKOH xpKOCTH H3JiyqeHHll. 

<l>H3H'leCKHil: MeXaHH3M reHepan;HH KOrepeHTHOro H3Jly'leHIUI OCHOBaH Ha 

B3aHMO,D;eil:CTBHll peJUITHBHCTCKOro 3JieKTpOHHOro ny'IKa c MarHHTHLIM IlOJieM 

co cneQHaJI&Ho:li npocTpaHcTseHHOH KOHqmrypaQHeH. Docne 3anycKa nepsoil: 

ycTaHOBKH B CT3Hcpop,ncKOM YHHBepcHTeTe OKOJIO TpH.n;n;aTH neT Ha3a.n; ITC3 

6&IJIH nocTpoeHLI so sceM MHpe. OHM oxBaT&JBaIOT 3neKTpOMarmtTHbIH cneKTp 

OT MHJIJIHMeTpOBLIX ,n;nHH BOJIH ,no. peHTreHoBcKoro H3nyqeHHB. Cnen;Hqrn:qecKHe 

oco6eHHOCTH ITC3 c,n;enanH B03MO:>KHLJM HX npHMeHeHHe B cneKTpOCKOilHH, 

cpH3HKe TBep.noro Tena, 6Hononm, Me,lJ.HQHHe. 

Il,eJib pa60TLI. IJ.cJILlO ,lJ.HCCepTaQHH JIBJilleTC.11: 

1. HCCJie,D;OBaHHll no OilTHMH3aQHH napaMeTpOB Tpa,ll;HQHOHHbIX ycKOpHTeneli; 

2. 11ccne.nosaHHll B03MO:>KHOCTH co3,n;aHHJ1 HOBLIX MeTOAOB ycKopeHHll c n;eni.10 

nonyqeHIDI BLICOKOrO TeMna ycKopemrn c BLlCOKOil: HHTeHCHBHOCTblO 

ycKopeHHoro nyqKa; 

3. HCCJie,n;oBaHmI c ll;eJILIO COJ)J.aHHll HOBLIX HCTOqHHKOB H3Jly'ieHMB H 

OCBOeHHH HOBblX ,n;MaIIaJOHOB qaCTOT 3JieKTpOMarHHTHLIX BOJIH. 

Hay11aaH HOBHJHa pa6oTLI 3aKmoqaeTcll B cne.nyrom:eM: 

1. ,[(OKaJaHa B03MO:>KHOCTL «H,L\eaJihHOH» rpynnupoBKH c TIOMOII(h!O 

O,L\HoqacTOTHOrO MHorope3oHaTopHoro 

,n;oKaJaHa B03MO)KHOCTb p83JIO:>KeHHll 

rpynnuposaTenx. 

nunoo6p83HOH 

<l>aKTHqecKH 

<i>YHKll;HH B 

TpHrOHOMeTpHqecKHH ps.n oco6oro BH,D;a, npe.nno:>KeHHOro aBTOpOM, B 

KOTOpOM, B OTJIHqlie OT px.na <l>ypi.e, see qJieHLI ps.na HMelOT OAHY H TY :>Ke 

qacToTy, o,nHaKO OTJIHqruoTCB aMTIJIHTYAOH H $aJoH. Bo3MO)KHOCT& TaKoil: 

rpynnHpOBKH HMeeT Ba)KHOe 3HaqeHJie He TOJILKO B o6nacTH ycKOpHTCJlbHOH 
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TeXHHKH, HO H B o6naCTH reHepHpOBaJU!:H MHJIJIHMeTpOBLIX H 

cy6MHJIJIHMe'TpOBLIX BOJIH [l]. 

2. CoJ.uaaa ycTaHOBKa ,nmi: reHepan;HH KorepeHmoro B&IHy:>K,n;eHHoro 

OH.D;YJIRTOpHoro H3JiyqeHHH Ha nyqKe MHKpOTpOHa 7,5 M3B. IlpHBe.n;eHbl 

nepBLie pe3yJI&TaTbl H3MepeHHX HJJiy'l[eHH.11 B ,nHaTiaJOHe ,ll;JlHH BOJIH nopX,ll.Ka 

30MKM. 3TO 6bIJI nepBbIH Teparen;oBLIH mnep Ha CBo6o,nHLIX 3JieKTpOHax (2] H 

BTopoil: rrocne CTempop,n;cKoH ycTaHOBKH. 

3. Ilpe.u.no)l(eHLJ ,n;se HOBble cxeMLI ycKopeHHX 3JieKTpOHOB. DoK83aHa 

B03MO)KH0CTb ycKopeHHll 3JieK-rpOHOB B cpe.u.e c IJOMOII(LIO ,n;syx 

nepeceKaIOII(llXCJI no.n MaJibIM yrnoM naJepHLIX nyqKoB [3]. PaccMoTpeHa 

cxeMa ycKopeHHB 'l[aCTHI( IJOJIOCKOH IlJIOCKO-IlOJIXp1130BaHHOH 

3JieK-rpoMarHllTHOH BOJIHbI, pacnpocTpaHXIOIIJeH:cx no,n; MaJILIM yrnoM K 

HanpasneHHIO ,!I;BH)KeHHB qacTHll;bl. lllHpHHa TIOJIOCKll 3JieKTpoMarHHTHOH 

BOJIHbl, yron Me)K.ny HanpaBJieHlleM ,lJ.BH)KeHllB qacTllll;LI II HanpaBJieHHeM 

3JleKTpoMarHHTHOH BOJIHhI, CKOpOCTb qaCTHll;LI H ,n;JIHHa BOJIHbI 

3JieKTpOMarHHTHoro nomi: BLI6HpaIOTCB Tax, 'iT06LI BO rpeMS! ,lJ.BHJKeHHll 

qacTHI(bl B 30He 3JleKTpOMarHH'fH:Oro IJOJIB 3JieKTpHqecKoe none He MeHXJIO 

sanpasneHHe [4, 5]. 

4. Ilpose,n;eHa 3KcnepHMeHTaJibHall nposepKa H,a:eH naJepHoro ycKopeHHll 

B OHAYJIXTopax. Ilyqox MHKpOTpOHa nocne B3aHMO,n;eiiCTBHX B OH.D;yJIXTope c 

H3JiyqeH11eM C02 JiaJepa npoxo,n;11T qepe3 MarHHTHhiii cneKTpOMeTp 11 

aHaJIH3HpyeTcB no 3HeprHH. Ysen11qeHHe 3HeprHH 3JieKTpOHOB nocne 

B3aHMO,n;eikTBIUI xopowo cornacyeTCX c TeopeTHqecKHMH npe,ll.CKaJaHHBMH. 

3To 6i.m nepBLIH .n;eMOHCTpaQHOHHLIH 3KCnepHMeHT, IlO,lJ.TBepJK,ll.a!OI.UHH 

B03MO)KHOCTL Jia3epHoro ycKopeHHB 'iaCTHll; B OH.D;yJIXTOpe. Ilocne 

COBepweHCTBOBaHHH ycTaHOBKH 6i.ma nonyqeHa KpHBax 3Heproo6MeHa 

3JieKTpOHHoro nyqKa B 3aBHCHMOCTH OT OCHOBHblX napaMeTpOB ycTaHOBKH [6, 

7, 8]. 

5. 3KcnepHMeHTaJILHO TIO,lJ.TBep)K,lJ.eH 3cpcpeKT CJIOJKeHllX KMJILBaTepHbIX 

BOJIH B llJla3Me OT nocne.noBaTeJILHOCTH 3JieKTpOHHLIX cna60TOqHblX crycTKOB 
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[9]. Co3,!J,aHa <PoT03JieK'I'pOHHWI nymKa ,!I.JI»: cpopMHJ>OBaHH.11 crycTKOB c 

3a,!l,aHHhIMH napaMe'I'paMH H 3a,!l,aHHbIM pacnpe,neneuHeM 3ap.11,na B crycTKax 

[10]; npe,!J,JlmKeHa cxeMa ,!I.JI.II yseJIH'ieHH.11 K03cpljmn:HeHTa 'I'paHc<l>opMaU:HH 

npl:l ycKopemu1 3JleKTPOHOB KHJlbBaTepHb!MH BOJIHaMH B IlJla3Me [11]. 

IlpaKTH'leCKaH u;eHHOCTI> pa60T1>1: 

1. Pa3pa6oTaH H H3rOTOBJieH ,nsyxpe30HaTOpHblH 

rpynmq>oBaTeJih ,D;JI.ll EpeBaHCKOro CHHXpO'I'pOHa. 

O,ll;HO'iaCTOTHblH 

Hccne,noBaHIDI 

rpynnHpOBaTe.IDI IlOKa3aJIH, 'iTO 3ap.11,A B rpynnHpOBaTene, OCHOBHOM, 

KOHU:eHTpHpyeTC.11 B o6nacm c cpa30BOH npOT}l)KeHHOCTblO 30°, r.ne 

KOHU:eHTpHpyeTC.11 OKOJIO 30% TOKa nyDIKH. Ilpose,n:eHbl 3KCnepHMeHTaJibHbie 

0ccne.nosaHH.11 pa6oThl CHHXPOTJ>OHa c rpynnHposaTeneM. B pe3yJI1>TaTe BBo,na 

B ,n:eHCTBHe pa3pa6oTaHHoro aBTOpOM rpynnHpOBaTeml IlJ'iKa HH:>KeKTopa 

MaKCHMaJibHWI HHTeHCHBHOCTb EpeBaHCKOro CHHxpOTpOHa 6&ma yseJIH'iHHa B 

2 pa3a [12-16]. 

2. Co3,naHa lj:loT03JieK'I'pOHHWI nymKa ,nm1 cl>opMHpOBaHH.11 crycTKOB c 

3a,!l,aHHblMH napaMe'I'paMH H 3a,!l,aHHblM pacnpe.n;eneHHeM 3ap.11.n;a B cryCTKaX 

[1 OJ, npe,D;Jio>KeHa cxeMa ,D;JI.ll ysenH'ieHH.11 Ko3cl>lj:lHn:HeHTa TpaHccpopMaUHH npH 

ycKopeHHH 3JieKTPOHOB KHJII>BaTeHblMH BOJIHaMH B IlJia3Me [11]. 

Anpo6au;ea pa6oT&I. 

,ll.HccepTaU:H.11 H OT,!J,eJibHble ee pa3,D;eJibl o6cy:>K,D;a.JIHCb H TIOJIY'iHJIH 

TIOJIO:>KHTeJlbffYIO on:eHey Ha CJie,!J,yIOil.(HX KOHci>epeHU:H.llX H cosemaHHJIX: 

1. BcecoI03Hoe coBemaaHe no ycKopHTeJ1.11M 3ap.SI>KeHHI>IX 'iaCTHU. TOM 1, 

C'I'p.477, MocKBa 1968. 

2. Tp. XIII Me:>K,eyHapo,n;Holi KOH<l>epeHU:HH no ycKopHTeJI.llM 'iaCTHU: B&ICOKHX 

3Heprnli. HosocH6HpcK, 1987. 

3. Conference on Laser Physics-99, Ashtarak,1999. 

4. Conference EP AC-04. Lucerne, Switzerland 2004. 

5. Particle Accelerator Conference, May 16-20, Knoxville, Tennessee, USA, 

(2005) 
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Ily6JIHKaQHH. 

no Pe3YJII>TaTaM BblllOJIHeHHblX HCCJie,AOBaliHM ony6JIHKOBaHa 21 pa6oTa, 

CTpyKfYpa pa6oTbl. 

,ll.HccepnU:(H.11 H3JIO:>KeHa Ha 160 C'I'paHHU: MaDIHHOilHCHOro TeKCTa: COCTOHT H3 

BBe,neHH.11, Il.llTH rJiaB, 3aKJIIO'ieHH.ll, CilHCKa JIHTepaT)'Phl; 78 pHCyHKOB, 5 Ta6mru., 

132 HaHMeHoBaHH.11 JIHTepaTypHb!X HCTO'iHHKOB. 

Ha 3aIQHTY BblHOCHTCH CJie,nyromue Te3HCbl 

1. Pe3yn1>TaT1>I T30peTH'iecKoro H :3KCnepHMeHTaJI1>Horo Hccne,noBaHH.SI 

0,llHO'laCTOTHOH MHOroKaCKa,!l,HOM rpynnHpOBKH. Pa3pa6oTKa H C03,llaHHe 

,nsyxKaCKa,!1,HOro rpynnHposaTeJI.SI ,nng EpeBaHcKoro CHHXPOTPOHa. 

2. Pe3yJlbTaThl TeopemqecKoro H 3KcnepHMeHTaJI&Horo uccne,n:oBaHH.SI 

Harpy3KH TOKOM JIHHeHHOro ycKOpHTeJl.ll npH ycKopeHHH MO,llyJIHpDBaHHoro 

ny'IKa. 

3. Pa3pa6oTKa, C03,!J,aHHe H HCCJie,nOBaHHe Jla3epa Ha CB060,!J,HblX 

3JleKTPOHax. Pa3pa6oTaHa MeTO,D;HKa J'ieTa pean&HhlX napaMeTpoB 

OH,!J,YJl.llTOpa H 3JleK1'pOHHOro ny'IKa Ha OH,llyJI»:TOpHoe H3JIY'ICHHe. 

4. HoBblH MeTO,!J, yc1<opeHH.11 3JieK1'pOHOB nonocKaMH Jia3epHoro 

H3Jly'ieHH.ll. 

5. HoB1>1li MeTO.n; KOMneHcan:HH aeycToii'ieoocTeii npH Jia3epHOM 

ycKopeHHH 3JieK1'pOHOB B cpe,ne npuMeHeHHeM ,D;Byx Jia3epHb!X ny'IKOB. 

6. 3KcnepHMeHTaJlbHOe no,nTBep:>K,neHHe B03MO)l(HOCTH Jia3epHOro 

ycKopeHH.11 B OH,D;YJl.llTOpax. 

7. 3KcnepHMeHTaJibHOe no.n;TBep)K,AeHHe 3cplj:leKTa CJIO:>KeHH.11 

KHJibBaTepHbIX BOJIH' OT nocne,noBaTeJibHOCTH 3JieK'I'pOHHblX crycTKOB. 

CO,ll;EP)KAHHE PABOTLI 

Bo BBe,lJ.enuu o6ocHoBaHa aJ<TYanbHOCT& B1>16paHHOH TeMbl H onpe,AeJieHLI 

OCHOBHble HanpasJieHH.11 HCCJie,llOBaHHH. 
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B rnaBe 1, nocBSil.I(eHHOH B3aHMo,n:eiicTBHIO 3JieKTPOHHoro nyqKa c noneM 

BbICOKO'iaCTOTHOro pe3oHaTopa, npoBO,n:HTCSI aaamt:3 pa60Tbl KilHCTpOHHOrO 

o,n:Hope30HaTOpHoro rpynnHpOBaTeJISI B COBOKYTIHOCTH co BXO,n:HOH ceKD;HeH 

JIHHeiiHoro ycKop1ne;rn. TioJiy'ieHHbie pe3yJihTaThl IIOKa3aJIH, 'ITO 

3q,q,eKTHBHOCTb rpynnHpOBKH 3aBHCHT He TOJibKO OT napaMeTPOB 

rpynnHpOBaTeJrn, HO H OT napaMeTPOB BXO,n:HOH ceKD;HH JIHHeHHoro ycxopHTeJISI. 

KpoMe Toro, B03MO)l(HOCTH o,n:Hope3oHaTopHoro rpynnHposaTem1 orpaHH'ieHhI. 

B 3TOH rnase npHBO}J:JITCJI pooyJihTaTbI TIOHCKOB 6onee 3c)>cj>eKTHBHhlX MeTO}J:OB 

rpynnHpOBKH: oueHKa 3cpcj>eKTHBHOCTH rpynnHpOBKH npH 6oJihlllHX yrnax 

nporreTa B 3a3ope pe3oHaTopa 6e3 nocrre.n:yiom,ero .n:peii.cl>osoro npocTPaHCTBa H 

KHHeMaTH'ieCKHH aHaJIH3 MHOroKaCKa}J:HOH roynnHpOBKH. HaH6onee 

HHTepeCHbie pe3yJihTaTbl IIOJiyqaJOTCSI npH paccMOTPeHHH MHOrOKaCKa,n:Horo 

OJJ;HO'iaCTOTHOro rpynnHpoBaTeJIJI. l1:3BeCTHO, 'ITO .n:JIH nonyqemui: H.neaJibHOH 

rpynnHpOBKH (rpynnHpOBKa B o.n:ey TO'iKY) Heo6xo,D;HMO <t>opMHpoBaTh 

IIHJioo6pa3Hoe MO,D,yJIHpyiomee HanpIDKeHHe. TIHnoo6pa3HOe HanpJ1)1(eHHe 

npaKTH'ieCKH MOJKHO pearrH30BaTb, HCI10Jlh3YH MHOroKaCKa,n:HylO rpynnHpOBKY c 

pe30HaTopaMH Ha BhIClllHX rapMOHHKax. BeJIH'iHHY H Ha'iaJihHYIO c)>a3y Ka:>KJJ;OH 

rapMOHHKH MOJKHO onpe.u.eJIHTh npe noMol.1(11 pa3JIO)l(eHHe nHJihI B pH.n cl>yp1>e. 

TexHH'ieCKOe ocymecTBJieHHe ycnoJKmreTCH Heo6xo,n:HMOCThlO npeMeHemrn 

BhlCIIIHX rapMOHHK. HaMH 61>mo noxa3aHo, 'ITO TOT >I<e caMhlH pe3yJI1>TaT 

nonyqaeTCH npHMeHeHHeM 0,!(HO':taCTOTHOH MHoroxacKa,n:HOH rpynnHpOBKH [ 1]. 

EI>IJJO )J.0Ka3aHO, 'ITO IlHJI006pa3HY10 KpHBYIO MOJKHO npe.n:cTaBHTh B BH.ne 

TPHroHoMeTPH'iecKoro pJ1.n:a, r.n:e qneHhI KOToporo HMeJOT ocHOBHYIO qacTory, 

HO OTJIH'ia!OTCJI aMilmt:Ty.n:oli H cpa30H. YpaBHeHHe ,n:BHJKeHHJI ,L(JIH n-oro KaCKa.n:a 

HMeeT cne.n:y10ll(1t:H BH.D; 

o. =tt1 -xsin0._1 

3)J.eCb 0i, 82, 63, ........ ., 0n onpe)J;eJIJllOT tPa3Y, KOr)J;a 'iaCTH[(a )J;OCT1t:raeT TO'IKH 

tj>a30BOH q,oxycHpoBKH COOTBeTCTBeHHO )J;JISI o.n:Horo-, .n:syx-, TPeX- H n­

KaCKa,n:HblX rpynnHpOBaTene:H, 
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U M00 x -= _P __ - napaMeTP rpynnHpOBKH, zu. 

M = ~ Ha3bJBaeTCJI K03c)>tj>H1(HeHTOM 3JleKrpli'leCKOro B3aHMO,n:eikTBliH, 
Sim;0 

~0- yron nponeTa 3neKTPOHa qepe3 3a30p pe3oHaTopa, 

Un - ycKOpHiomee HanpJ1:>KeHHe 3JieKTPOHHOH nylllKH, 

UP - HanpSI)KeHHe Ha 3a3ope pe3oHaTopa, 

00=ro//vo -yroJJ nponeTa 3JieKTPOHa qepe3 .n:peH:q,osoe npOCTPaHCTBO ,IJ,JIHHOIO /, 

npH BbIJJeTe H3 Mo,n:ymITopa co CKOpOCTIO Vo. 

Vo. CKOpOCTh :meKTPOHOB npH BXO)J;e B pe30HaTop, 

Ha pHc. l npHse.n:eHa 3aBHCHMOCTh cj>a3hI B1>1xo.n:a qacTliUhl H3 

rpynnHpOBaTeJIH 0 OT tj>a3hl BXO)J;a <p. 

{)~.~-------+-----------. 

-x ..... ~~~~~~~___,...__~~~~~~~~....,i 
1T'f' 

Pec.l. ll>a3osag 3aBHCHMOCTh l)npH 6ecKoHe'lHOM q11cne xacxa.n:os, 2) npH 

qen.1pex KacKa,n:ax. 

E1>m C03)J.aH .nsyXKacKa,n:m1il: rpynn1t:poBaTeJI1> )J;JIH EpesaHcKoro 

CHHXPOTPOHa [12, 13], o6m;HH BH)J, KOTOporo npHBe,1.J,eH Ha p0c.2. 

3KcnepHMeHTaJibHO 61>IJIO IIO,IJ,TBe)K,IleHo, 'ITO B c)>a30BOH o6naCTH 30° 

rpynnHpyeTCJl OKOJIO 30% IlOJIHoro TOKa nywKH, 'ITO npHMepHo B .nsa pa3a 

npeBhIIIlaeT TOK B TOH :>Ke o6nacTH )J;JIH o.n:Hoxacxa.n:HhlX rpynnHpoBaTeneil:. Ha 

pnc.3 npnBe,1.J,eHo pacnpe.u.eneHHe TOKa Ha BhlXo.n:e rpynnnpoBaTenH s 

3aBHCHMOCTH OT c)>a3bl, KOTOpoe 6blJIO nonyqeHo c IIOMOW:hlO KpyroBOH 

pa3BepTKli nyqKa (pHC. pHc.4,5). 
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PHc. 2. 06ru;HH BH.D: rpynnuposaTem1. 

( ~ 

) \ j v ~ ......... \ 
....-v - i --- - . - ... ---~ ...,. 

"'° 
,...,.,. 

PHc.3. Pacnpe,neneHHe TOKa nymKH no KOJIJieKTopaM 

nocne rpynnupoBKH. 

PHc.4. KpyroBWI p83BepTKa nyqKa B OTCYTCTBHe rpynnupoBKH. 
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P:Hc.5. KpyrosWI p83BepTKa ny'IKa npH rpynnHpoBKe. 

B rJiaee II paccMaTP:i'IBaeTCH pa6oTa JIHHeiiHoro ycKopHrem1 c 

rpynnupoBaTeJieM. B 3TOM cnyqae, B Te'leHHe BpeMeHH HH:>KeKQHH TOK B 

JIHHeHHOM ycxopHTeJie Mo.nynupyeTC.!I B BH,ll;e nyroB, KOpOTKHX HMllYJibCOB, c 

qacTOToli cne.n;osaHIDl, pasHo:il: ':IaCTOTe Bq CHCTeMbI CHHXPOTPOHa. J.hsecTHO, 

'ITO npH ycKopeHHH O':IeHb KOpOTKHX eyroB TOK npe:Kparu;aeTCX paHbWe, ':IeM 

none qepeHKOBCKOro H3Jiy':IeHIDl ,ll;OCTHraeT CBOero CTaQHOHapHoro 3Ha'ieHIDl, H 

B uyre MO:>KHO ycKopHTb TOK, Ha11Horo npeBblWaJOru;HH TOK B CTaQHOHapHOM 

pe:lKHMe. B ,D;a.HHOM cnyqae, B CHHXpoTPOHe Epcl>M, uyrH .ne:il:cTBHTen&eo 

KOpOTKHe, HO OHH He e.n;HHH'IHbie. lli-3a BblCOKOH ':IaCTOTbl cne.n;oBaHHR (130 

Mru) B ycKop.1110ru;e:H ceKQHH OHH rrona,nruoT B none H3JiyqeHIDl npe.n;bI,D;yIUHX 

nyroB. 

Ilpuo6peTaeMax ':IaCTHUaMH 3HeprHX W = qEcpl, r.n:e Ecp cpe.n;IDIH sene'IHHa 

non.11 s.n;onb ycKopHTeJIX. OTHoc.11 ee K MaKCHMaJibHO B03MO:>KHOH 3HeprHH WM= 

qEM/, nonyquM .n;JIH 6e3p83MepHoH: w = W/WM :JHeprHH cne.nyroru;ue Bblpa:>KeHHH 

[14]: 

I-e-" vg n+I 
w=---xa-1--

A. V I 2 

3.n:ec& ?..=al - 6e3p83MepHWI ,l{JIUHa ycKopJUO:ru;eH: ceiru:nH, 

l - .D:JIHHa ycKop.1110ru;eH: ceKQHH, 
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a.- K03<1?qm:u:tteHT 3aTyXaHHJI BOJIHbI B BOJIHOBO):(e, 

E 
% = ~ - Km<l?qmuHeHT Harp)'3KH, 

EM 

EM - 3Ha'ieHHe nom1, C03,D;aBaeMoro BHewHHM reHepaTopoM B Haqan:e ceKUHH, 

Ew=lr - CTaQHOHapHoe 3Ha"!eHHe qepeHKOBCKoro nona B 6ecKoHe'IHOM 

BOJIHOBO,D;e, 

I - cpe,D;HHH TOK B Qyre, 

r - IIIYHTOBOe corrpOTHBJieHHe BOJIHOBO):(a, 

Vg· rpynnoaag CKOpOCTh pacnpocTpaHeHHJI BOJIHhI B ycKopmomeii ceKUHH 

v - CKOpOCTb qacTHU:, 

Ii - .ll:JIHHa u:yra, 

l v-v 
n = A--' - HOMep rrpe,11;r,1.nymHx uyroa, B none KOToporo paccMaTpHBaeMhIH 

vg 

cryCTOK BXO):(HT B KOHU:e ceKUHH. 

Ilpoae,neHHble HaMH pacqeTbI [14] IIOKa3aJJ:H,'ITO npH ycTaHOBKe 

rpynnHpOBaTena, npH ycKopeHHH ,11;0 O,D;HOH H TOH :>Ke KOHe'IHOH 3HeprHH B 

JIHHeHHOM YCKOpHTeJie TOK B u:yre MO:>KHO yseJIH'IHTh npH6JIH3HTeJibHO B 3 pa3a. 

IlpHBe,D;eHbl pe3yJihTaTbI pa60Thl CHHXpOTpOHa c rpynnHpoBaTeJieM [16]. 

IlpH pa6oTe 6blJia 3aQJHKCHpOBaHa 100% 3aBHCHMOCTh BeJIH'IHHhl ycKopeHHOro 

TOKa B CHHXpOTpOHe OT pa3HOCTH QJa3 Me:>r<ey Harrpa:>KeHHeM rpynnHpOBareng H 

Bq CHCTeMbl CHHXpOTpOHa. MaKCHMaJJ:hHbIH ycKOpeHHhlH TOK B KOJibUe c 

rpynnHpOBaTeJieM 6r,m B 2 pa3a 60Jibllle, 'leM TOK, Ha6n10,11;aeMbIH B KOJibUe 6e3 

npHMeHeHH.H rpynnHpOBaTeJIJI. 3cJ><jJeKTHBHOCTh 3axBaTa qacTHU: B CHHXpOTpOH 

onpe,nen.Hnacr, nyTeM cpaBHeHHH TOKa rryqKa Ha nepBhlX o6opoTax npH 

BKJilO'leHHOM rpynm1poBaTeJie H 6e3 Hero. IlpHBe,neHHbie OCUHJIJiorpaMMbl 

nepBbIX 19 o6opOTOB TOKa nyqKa (pHc.6) HarJIJI,ll;HO ,D;eMOHCTpHpyIDT 

3c)>c)>eKTHBHOCTb npHMeHeHHH rpynnHpoBaTeng, IlpH BKJIIO'leHHOM 

rpyrrrrHpoBaTene TOK B npouecce Jaxsarn MaJIO MeHHeTC.H (TOK 10-oro o6opOTa 

cocTaanaeT 70% OT TOKa rrepsoro o6opoTa), a rrpe BbIKJIID'leHHOM 

14 

w 

r 
··.1 

rpynnHpoBaTene TOK 10-oro o6opoTa cocTaBnxeT scero 23% OT TOKa nepaoro 

o6opoTa. 

er.) c'lej 1fUjf1.11.1Jf>08a.mens:t 

d) 8Kmoi:e11 11iGnf>Ko 

I pe30Han1.op 

&} 6st.nH1T.e'f. mont.Ko H 

pe3011a.mop 

l.) 8K11HJ't.eHt.t OOa. 

pe30H0tmopa.. 

PHc. 6. Ocu;HJrnorpaMMhI TOKa nyqKa Ha HeCKOJibKHX o6opoTax nyqKa 

CHHXpOTpOHa 
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rJiaBa III IlOCBHI[(eHa HCCJie,ll.OBaHHJO OH.n)'JIHTOpHoro H3Jiyqemrn: H 

nmepa.M Ha cBo6o,u.HDIX :me:icrpoHax. Bo MHornx cyw;ecTByJO[[(HX H 

npoeKTHpyeMhIX nmepax Ha cBo6o,u.H&IX ::1ne:icrpouax HCllOJib3YIOTCR 

cmtpaJibHbie MarHHTHble OH.U.YJIHTOpLI. Aim npoeKTHpOBaHH.!I Jia3epoB Ha 

CB060,ll.Hb!X :meKTpOHaX H HCTO'IHHKOB OH.U.YJUITOpHoro H3JJyqeHIDI Heo6XO,ll;HMO 

3HaTb pacnpe.u.eneHHe MarnHTHoro nonR no nonepe'IHOMY ceqeHJno 

OH,ZJ;yJI.HTOpHoro Marn:HTa. 3To pacnpe.u.eneHHe, B npHHIUme, HeO,ll.HOpO,u.HOe H 

MO:lKeT npHBeCTH K pacnmpeHHIO cne:icrpa H yMeHbllleHHIO MOU(HOCTH 

H3JJY'leHH.H, a B Jia3epax Ha CB060.U.HLIX 3JieKTpOHax K yMeHbWeHHIO 

K03cp<l>m~HeHTa ycHJieHH.H:. B pauee ony6nHKOBaHHbIX pa6oTax npHBO.u.RTCR 

COOTHOllleHIDI ,ll.JlH 3Ha'ieHH.H: MarIIHTHOro non.a Ha OCH OH,ZJ;yJIHTOpa npH TOHKOH 

o6MoTKe, T.e. pa3Mep1>1 o6MOTO'iHOH npoBOJIOKH He Y'IHTbIBaIOTCR. 

HcnOJib30BaHH.H: 3THX COOTHOllleHHH He BCer,u.a ,ll;OCTaTO'iHO npH 

npoeKTHpOBaHHH OH,ll.y JI.H:TOpoB. IlpHBO.U..H:TC.R pe3yJibT3TbI pacqeTa 

pacnpe.u.eneHH.R MarHHTHOro DOJI.H: B peanbHbIX CilHpaJibHblX OH,ll.yJI.H:TOpax H 

peKOMeH,ll.31."(HH no Bbl6opy OCHOBHbIX napaMeTpOB OH.n)'Jl.H:TOpa, HCXO,ll.R H3 

cpH3H'ieCKHX Tpe6oasaHHH K HCTO'IHHKY H3JJY'ieHH.R [17]. 

Ilony'ieHa <PopMyna cne:icrpan&Horo pacnpe.u.eneHHH OH,ZJ;yJIXTOpuoro 

H3JJY'ieHH.H: c y'ieToM Ha'iaJJbHOro yrnoBoro pacnpe.u.eneHHH (napa6onHqecKoro 

THna) :me:icrpOHHOro nyqKa .U.JI.H: nonepe'iHOro OH.n)'JI.RTOpa [18]. IloKa3aHO, 'ITO 

ua OCH OH,u.yJI.H:Topa (no.u. yrnoM 9 = 0) H3-3a yrnoBoro pa36poca nyqKa BMecTo 

o,u.uoil: rnasuoH: qacTOThI nonyqaeTC.H: cneKTp qacTOT. BJIH.H:HHe ymoeoro 

pa36poca 3JieKTpOHHOro ny'IK3 yeeJIHqHeaeTCX c yMeHbWeHHeM 3Hepnrn: 

3JieKTpOHOB. 

B pe3yJII>Tare 3THX Hccne.u.osaHHH 6hlll C03.U.aH JIC3 Ha ny'IKe MHKpoTpoHa 

7,5 M3B JIC3 [2]. IlepBhIH JIC3 B Tepparep[(OBOH o6JiaCTH H BTOpoii nocne 

CTeH<l>op.u.cKoii ycTaHOBKH. CxeMa H o6ll!HH BH,r( ycTauoBKH np1rne,u.eHhl Ha 

pHc.7 H pHc.8 COOTBeTCTBeHHO. 
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PHc. 7. CxeMa 3KcnepHMeHTaJibHOH ycTaHOBKH JIC3. 1-MHKpoTpoH; 2- B1I 

CHCTeMa MHI<pOTpOHa; 3- nyJibT ynpaBJJeHH.H:; 4- MO.U.YJI.H:TOp OH.n)'JI.RTOpHoro 

M3rHHTa; 5- OH,ll.yJUITOpHbIH MarHHT; 6- c}>OKYCHpyiomuii coneHOH.U.; 7,8-

KBa,u.pyIIOJibHbie JIHH3hl; 9- 6JIOK DHTaHHH; 10, 11-nOBOpOTHhle MarHHTbI; 12-

MeXaHH3M nepe,u.BHmeHHH 3epKWia; 13- ceJibCHHhI; 14.15- 3epKana; 16. 17-

QHJIHH.U.P <l>apa.u.ex; 18-DHp03JieKTpH"lleCKHH ,u.eTeKTop; 19- KOppeKTHpyroI.QHH 

MarHHT. 

PHc.8.06w;Hii: Bhl.U. ::1Kcnep11MeHTaJibHOH ycTaHOBKH JIC3. 

OcHOBHI>Ie napaMeTpbI 3KcnepHMeHTaJibHOH ycTaHOBKH cne,u.yrom;He: 

3HeprIDI 3JieKTpOHOB 7,5M3B 
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)J.JIHHa nepHo)J.a OH)J.YJHITOpHoro MarHHTa 

,!l;JIHHa BOJ!Hbl l:i3JIY'ieHHJI 

.D;JIHHa OH)J.YJIJITOpHoro MarHHTa 

'iHCJIO nepHO,!lOB OH.r(yJIHTOpa 

MarHHTHOe none Ha OCH OH.n;ynaTopa 

)J.JIHHa OilTH'ieCKOro pe3oHaTopa 

TOK ::meKTpOHHOro ny'IKa B MHKpOHMnyJILCe 

.D;JIHTeJILHOCTb :meKTpOHHOro nyqKa B MaKpOHMilYJILCe 

.D;HaMeTp ::meKTpOHHOro nyqKa 

K03cp<PmmeHT noTeph 3epxan 

.n;HippaKl.l;HOHHh!e IlOTepH 

ycmieHHe c yqeTOM IIOTeph 

o:>Im.n;aeMoe o6w:oe ycHnemi:e 

O)l(H)J.aeMaJI MaKCHMaJihHruI MOII(HOCTh 

1.6 CM 

30-40 MKM 

200CM 

125 

.n;o 40003 

290CM 

0.2A 

3 MKCeK 

5MM 

0.02 

0.02 

0.18 

10
8 

100BT 

CnHpaJILHhlif OH.D:YJIJ1TopHLIH MarHHT - HMDYJihCHLIH, 6e3:>I<ene3Hblif, c 

BffYTpeHHHM .D;HaMeTpOM 

cpOKYCHpyeTCH aa BXO.D: 

16 MM. BLIBe.n;eHHhiif 

OH.n;YJIHTOpHoro MarHHTa 

nyqoK MHKpOTpOHa 

nocpe.n;cTBOM ,z:i;syx 

KBa,npynoJILHh!X JIHH3, IlOBOpOTHh!X H KOppeKTHPYIOW:HX MarHHTOB. Pa3Mep 

rryqxa .nanee IlO)J..D;ep>KHBaeTCJI npo.n;OJihHhIM MarHHTHhIM IlOJieM 4003. 3MHTTaHC 

BblBe)J.eHHOro nyqKa MHKpOTpOHa paBeH B BepTHKaJihHOM HanpaBJieHHH 10" 

3
CM·Mpa.n;, a B ropH30HTaJibHOM - 2·10-

2
CM·Mpa.n;, Il03TOMY B ropH30HTaJibHOM 

Hanpasnemrn ny'iOK ,a:HacpparMHpOBaJICJI, 'iTO npHBeJIO K IlOTepe -60 % 

BLIBe.n;eHHoro ny'iKa MHKpoTpoHa. Ha Bblxo,z:i;e ycTaHoBKH pa3Mep nyqxa 

KOHTpOJIHpOBaJICJI ceKJ.J;HOHHbIM U:HJIHH.D;pOM <l>apa.n;eJI. 

)1.ng yMeHbllleHHJI ,!l;H<PpaKUHOHHb!X noTepb B OilTH'ieCKOM pe30HaTope 

HCDOJih30BaJiocL cqiepHqecKoe 3epKaJio c pa,z:i;eycoM KpHBH3Hbl 3 M. Bmpoe 

3epKanO -IlJIOCKOe c ueHTpaJihHbIM OTBepcrneM ,rt;JIJI BbIBO.n;a H3JIY'ieHHH. 

Ccpep1t:qecxoe 3epxano HMeeT CHCTeMy ,z:i;HCTaHUHOHHoro nepeMew;eHHJI 

)J.JIJI HaCTpOHKH OllTH'ieCKOH .D;JIHHhI pe30HaTopa, KOTOprui )J.OJl)l(Ha 6DITh KpaTHOH 

no OTHOIIIeHHIO K )J.JIHHe BOJIHbl BLICOKOl.JaCTOTHOH CHCTeMbl MHKpOTpOHa. 
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To•rnocTh ycTaHOBKH onTHt.JecKoif .D;JIHHLI pe30HaTopa onpe,nem1eT ':IHCJIO 

OTpa)l(eHHH B onrnqecKOM pe30HaTope IlpH 3a.D;aHHbIX BeJIH':IHHaX ('il:iCJIO 

OTpaJKeHHH -100, )J.JIHHa MHKpOHilMYJibCa TOKa nyqxa lcM H OllTHl.JeCKM ,rt;JIHHa 

pe30HaTopa 2.9 M), TO'IHOCTb ycTaHOBKH OilTH'ieCKOK ,D;JIHHbl pe30HaTOpa 

COCTaBJIJ!eT 2 • 10"3• ,l(mr pemcTpaUHH H3Jiy'ieHHJI HCDOJih30BaJICJI 

IlHp03JieKTpH'ieCKHH .n;aTt.JHK c 'iYBCTBHTeJibHOCThIO 10·
7 

,[(:>I< B HMDYJILCe. 

3Hepnrn H3nyqeHHJI B HMDYJIJ>Ce 6J>IJia 2· 10-7,[(:>Ic, 'ITO COOTBeTCTBOBaJia 

MOW:HOCTH lOBT B HMnym.ce. c !IOMOII.l;bIO <PHJibTpOB 6bIJI onpe.n;eJieH cneKTp 

H3JiyqeHJrn, KOTOpblH COOTBeTcrnyeT .D;JIHHaM BOJIH 20-40 MKM. 

HaMH 6bIJI pa3pa6oTaH H C03)J.aH OH)J.yJUITOp ,D;JIR Teparepuosoro JIC3 H3 

<PeppHTOBb!X MaTepHaJIOB [19]. )1.nHHa nepHo,a;a OH.n;ynnopa COCTaBmleT 9 CM, 

'iHCJIO nepHO,D;OB - 27. c IlOMOUJ;bIO no.n;6opa H nepepacnpe.n;eneHHH MarHHTHblX 

3JleMeHTOB y,a;anoch CHH3HTL pa36poc no aMilJIHTy,a;aM MarHHTHOro IlOJI.sI .n;o 7 %. 

,[(nJi KOMDeHCaJ.J;HH OCTaTO'iHOrO pa36poca 6J>InH HCilOJih30BaHbl 

,a;orronHHTeJIJ>HJ>Ie o6MOTKH Ha MarHHTHhlX 3JieMeHTax. Heo6xo,a;HMLIH 

cpOICYCHpyIOUJ;HH rpa.n;HeHT MarHHTHOro nom1 nonyqaeTcJI 3a C'ieT 

OTHOCHTeJILHOro CMeII.J;eHHH B.D;OJ!b OCH x qepe,nyIOUJ;HXCH IlOJIIOCOB c 

npOTHBOilOJIO)KHblM 3HaKOM MarHHTHOro DOJIH. 

B mase npHBe,a;euo OIIHcaHHe 3KcnepHMeHTaJibHOH ycTaHOBKH H pe3yJIJ>TaTJ>I 

HCCJie)J.OBaHHH OH.a;yJIJITOpHoro H3JIY'ieHHH B Teparepu;oBOH 0611aCTH qacTOT. 

Hccne.n;oaaao TaK)l(e BJIHJIHHe CTPYKTYPLI 311eKTµOHHbIX crycTKOB Ha 

HHTeHCHBHOCTb lt: qaCTOTHOe pacnpe,ll.eneHHe H3Jiy'ieHHJI B O)J.HOpO,rt;HblX cpe,a:ax 

[20). Cpe)J.HHJI HHTeHCHBHOCTL H3JIY'ieHffj{ crycTKa BLipa)KaeTC}l qepe3 

HHTeHCHBHOCTb H3JIY'ieHWI 0)1.HOH qacTHJ.J;bl H CTpYKTYPHbIH qiopM-<PaKTOp, 

3aBHCHIIJ;HH TaICJKe OT THDa H3JiyqeHHJI. Hccne,a;osau cpopM-<Paxmp 

OH.D.)'Jl.!ITOpHOro H3JIYqeHHH crycTKOB c KOHKpeTHblMH pacnpe,ll.eJieHHJIMH 

3JieKTpOHOB B crycTKe, 6JIH3KHMH K npaKTH'ieCKH ocyru;ecTBHMhIM. 

B 3TOH rnase pacMOTpeHO TaK)l(e HeJIHHeiiuoe KOMDTOHOBCKOe H3JiyqeHHe 

BhlCillHX rapMOHHK ,lI..T.UI npaKTH'ieCKOrO npHMeHeHlUI B Me,lJ.HU:HHe [21). 

IlOKa3aHO, qTo cym;ecTByrom;ee HMnynbCbie chirped Jia3epbl c HHTeHCHBHOCTblO 
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.no 1020BT/CM2 H CHJlbHOToqHbJe ycKopHTeJIH c 3HeprmIMH )lO 10M3B H 3ap»,ll;OM 

crycTKa 1 OOHK, MoryT cJiy:>KHTb 6a3oii .nn» co3)laHHJI KOMllaKTHbIX 

peHTreHOBCKHX HCTO'iHHKOB ,n:Jl}l BttyTpHBeHHOH KopoHapHOH aHrHorpaqnm, 

OCHOBaHHOH Ha TOMCOHOBCKOM HeJIHHeHHOM o6paTHOM pacceHBaHHH H 

COBMeCTHMOH c '1'pe60BaHH}!MH ,nJIH KJIHHHqecxoro HCnOJib30BaHH.ll. 

B rJiaBe IV paccMaTpHBaIOTC» cxeMbI Jia3epHoro ycKopemu :meKTpOHHbIX 

nyqKOB. 

Mccne.n;orum MexaHH3M ycKopeHH» -qacTHU B none JIHHeHHO nonJ1pH30BaHHOH 

3JieKTpOMarHHTHOH BOJIHbI B cpe.ne. PaccMa'I'pHBaeTCH MeTo,n; KOMneHcau;HH 

HeycToHqHBOCTH pe:>KHMa ycKopeHHH c noMOll.{blO BKJIIO'leHHH BTopoii: 

:meK'I'pOMaT'HHTHOH BOJIHbI, KOTOpaJI TaK )l(e HaXO,llHTCH B pe30HaHce c 

ycKopHeMoli qacrn:ueli [3 ]. 

B 6oJibIIIHHCTBe cnyqaeB 3JieKTpOH - Jia3epHoe B3aHMo,n;eiicTBHe npoucxo.n;HT 

Ha MaJIOH ,nJIHHe, COH3MepHMOH c ,n:JIHHOH BOJIHbI H3Jiy-qeHHH. B 3THX MeTO)J.ax K 

p83MepaM 3JieKTpOHHOro nyqKa H Jia3epHoro H3JIY'leHHH npe)J.'b.HBJIHIOTCH O'ieHb 

BbICOKHe '1'pe6oeaHHH. Ilpe,nJio:>KeHa cxeMa, r.ne 3TH Tpe6osaHHH 3Ha'lHTeJibHO 

CMHr'ieHb1 [4, 5]. PaccMaTpHBaeTCJI cxeMa ycKopeHH» qacTHU «nonocKoii» 

IlJIOCKO-IlOJIHpH30BaiiHOH 3JieKTpOMaT'HlilTHOH BOJIHbl, pacnpocTpaHHIOl.I.\eHCH no.n: 

MaJibIM yrnoM no OTHOWeHHIO K HanpaBJieHHJO )lBH)l(eHHH 'laCTHUbI (CM. pHc.9). 

llIHpHHa IlOJIOCKH 3JleK'I'pOMarHHTHOH BOJIHbI, yron Me)l(.n;y HanpaBJJeHHeM 

)lBH)l(eHHH 'l:acTH:Ubl H HanpaBJieHHeM 3JleKTp0MarHHTHOH BOJIHbI, CKOpOCTb 

qacTH[(bl H )J.JIHHa BOJIHbI 3JieKTpOMarHHTHOro nOJIH BbI6HpaIOTCJI TaK, 'lT06bI 3a 

epeMH )lBH:lKeHHH qacTHUbl B 30He 3JieKTpOMarHHTHOro IlOJIH 3JieKTpH'leCKOe 

none He MeH.HJIO HanpaeneHHe. 3ro Tpe6oeauue BbIIIOJIHJieTCH npH 

d= 1 A.sina 
2 1-cosa+-

1
-

2y2 

PaccMaTpHeanacb B03MO)l(HOCTb KoMneHcau;HH nonepe'IHblX coCTaBJIHIOll.{HX 

3JieKTpH'ieCKOro H MarHHTHOro noJIH BOJIHbI BHeIJIHHM MarHHTHblM noneM HJIH 

BTOpOH BOJlHOH. PaccMaTpHBaJiaCb TaK:lKe B03MO:>KHOCTb MHOroKpaTHoro 
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ycKopeHHll MHOrHMH noJIOCKaMH, pacCTO.l!HHe Me)l(,lly KOTOpl:dMH paBHO KpaTHOH 

BeJIH'lHHe WHpHHbl IIOJIOCOK. 

HaMH snepBbie 6bmo 3aperncTpHpoeaeo Jia3epHoe ycKopeHHe 3JieICTpoHoB B 

OH)lyJIJITOpe [6, 7, 8]. ,l.J,mI 3KCnepHMeHTaJibHOH nposepKH H)J.eH Jla3epHoro 

ycKopeHHH 6bma C03,UaHa ycTaHOBKa Ha nyqxe MHKpoTpOHa. Ily'lOK MHKpOTpOHa 

noJIOCKa H3.Jiyq:CHHJI nOJIOCKa H3JIY'ICHHJI 

~· 
i' 

z [\.'~~i;,:i,J 

· :d, . . d(2n+ 1 ) 
. )1 

x 

Pec.9.CxeMa ycKopeHH.H 'iaCTHU c nonocKaMH 

3JleKTpOMaT'HHTHbIX BOJIH 

nocne B3aHMO)leHCTBH.H B oH,nymITope c H3JIY'ieHHeM C02 Jia3epa npoxo,n;1m 

qepe3 MarHHTHblH cneKTpOMeTp H aHaJIH3HpOBaJICJI no 3HeprHH. YseJIH'leHHe 

3Heprne 3JieKTpoHoB nocne B3aHMO)leii:cTBH.H xopoIIIo cornacyeTC.H c 

Teopern'leCKHMH npe,llCKa3aHHJIMH [6, 7]. 3aBHCHMOCTb H3MeHeHHJI MSKCHMyMa 

pacnpe,lleJieHH.H 3HeprHH 3JieKTpOHOB OT MarHHTHOro noJIH OH.UYJIJITOpa 

npuee)leHa Ha pHclO. 

B ,npyroM 3KcnepHMeHTe [8] npHMeHeH.HeTCH 6e3:lKeJie3HblH nnocKHH 

OHJlYJIHTOp c nepeMeHHbIM nepHo.n;oM. Ha'laJibHaH ,nJIHHa nepuo.na OH.D:YJIHTopa 

10MM, KOHe'!HaH )lJIHHa 12MM, HanpJl:>KeHHOCTb MarHHTHOro IlOJIJI .no 10003. 

Moi:uHoCTb HMilYJibCHOro C02 Jia3epa 1-4 f'BT no3BOJIHJI nony'l:HTb npe:pocT 

3Hepnm 60K3B (npe Ha'laJibHOH 3HeprnH :meKTpOHOB 12 M3B). CxeMa 
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3KcnepHMeHTan1>HOH ycTaHOBI<H npHse,a;eHa Ha pHc.11. CneKTP 11y"!Ka nocne 

B3aHMO,n;eHCTBHH c m13epHbIM ny"iKOM nHpHBe,neH Ha pHc.12. 
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PHc.10. 3aBHCHMOCTh H3MeHeHIDI MaKCHMyMa pacnpe.n;eneHHH 3HeprHH 

3neKTPOHOB B 3aBHCHMOCTH OT noilll OHAYJUITopa. 

Koppcm<pyiolllHC 
Manurrw H nHmLI 

JlCTOKTOp 

"y;· 
AIOMHHOoflop 

F=15M 

~HH38 lllCJIL 

......... :tepKMO 

PHc.11. CxeMa 3KcnepHMeHTaJJI>HOH ycmeoBKH 
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Puc.12. CneKTpan1>Hoe pacnpe.neneHue 3neKTPOHHoro ny"!Ka Ha BbIXo,ne 

ycTaHOBKH 

1.IIpu OTCYTCTBHH Jia3epHoro ny'IKa, 2. IlpH BKJIIO'ieHHOM Jia3epe 

I'nasa V IlOCBHIIJ;eHa HCCJie,ZJ;OBaHHJO B3aUMO,ZJ;eHCTaHH 3JieKTPOHHbIX cryCTKOB C 

KHJibBaTepHhlMH BOJIHaMH B nnaJMe. IIpose,n;eHo 3KcnepHMeHTaJJI>Hoe 

HCCJie,IJ;OBaHHe B036y>K,neHHH KHJibBaTepHbIX BOJIH B IlJia3Me 

noc11e.n:osaTeJI1>HOCT1>IO crycTKOB nyq1<a MHKPOTPOHa [9]. .Z:Vu1 Ha6n10,neHHH 

3cp<)>eKTa cyMMHpOBaHHH BOJIH OT HeCKOJibKHX crycTKOB eeo6xo,IJ;HMO: 

1. HCilOJib30BaTb H,ZJ;eHTH'IHbie cryCTKH, oco6eHHO no KOJIH'leCTBY 3apH,n;a B 

cryCTKax. 

2. Ha'laJibHbIH 3HereTH'leCKHH pa36poc crycTKa ,n;on>KeH 6bITb MeHbWe, 'leM 

O:>ICH,IJ;aeMoe H3MeHeHHe 3HeprnH 3JieKTPOHOB. 

3. aMnJIHTy,n;a B036y>K.n;aeMOH BOJIHbl OT O,ll;HOro cryCTKa JJ:OJI>KeH 6b1Tb 

HaMHOro MeHbIIIe B03MO:>I<HOro MaKCHMaJibHOro 3Ha'ieHHH aMilJIHTY,ll;bl BOJIHhl B 

nna3Me. 3To .n:acT B03MO)l(HOCTb ea6mo,n;aTb nponop[(HOHaJibHOe ysenH'leeue 

aMilJIHTYAhl KHJibBaTepHOH BOJIHbI B 3aBUCHMOCTH OT 'IHCJia crycTKOB. 

3Tu TPe6osaHHH o6ecne'IHBaIOTCH npH BhlnoneeHHH Hccne,n;osaeuii ea 

ny'IKe MHKPOTPOHa. OcHOBHOe npeHMym;ecTBO MHKpOTPOHa COCTOHT B TOM, 

'ITO npH cpaBHHTeJibHO BbICOKOH MOHOXpOMaTH'IHOCTH ny'IKa (-3· 10"3) H npH 
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cpaBHHTeJihHO HH3KOH 3Hepnm 3ne1<TpOHOB (7 ,5M3B) MO:>KHO npoBecrn: 6onee 

TOlfHble H3MepeHFUI BmUIHHR IlJia3MeHHbIX BOJIH Ha cneKTpaJibHhIH COCTaB 

3JieKTJ>OHHoro nyqKa, T.K. npHpOCT 3HeprHH He 3aBHCHT OT nepBOHalfanbHOH 

3HeprHH 3JieKTpOHOB, H OTHOCHTeJibHblH npHpOCT 6y,D;eT 6om.me. 

CxeMa 3KcnepHMeHTaJibHOH ycTaHOBKH, co3,ZJ;aHHM Ha nyqKe MHKpoTpoHa 

Ep<l>H, np1me,D;eHa Ha puc.13. Hu:>Ke npHBO.IVITCg ocHOBHhie napaMeTpbI nyqKa 

MHKpOTJ>OHa: 

3HeprHR 3JieKTpOHOB .•.••••••••••••••••••••••••••••••.••••..••••••••• 7.,5 M3B 

}1.nHHa cryCTKOB ••••••••.••••••....•.•••••••.•..••••••••.•.•••••.••.••. 5 MM 

}1.HaMeTp ny'l:Ka ....................................................... .3 MM 

PaccTORHHe Me:>K.ny crycTKaMH •.•.•••.•••••.•••••....•••.••••••.•.• 11 CM 

}1.nHTenbHOCTh HMnyni.ca (,ZJ;JIHTeJibHOCTb nyra crycTKOB) .•••••. 1,5 MKC 

Il.n:OTHOCTb 3JieKTpOHOB B crycTKe •••....•.•••....•..••.•.•.•••.••• 10
8 

CM
03 

3HepreTH'l:eCKHH pro6poc 3JieKTpOHOB •••.....•••.•••.•...•.••... 2 .10·
3 

3aps,a; B crycTKe ...................................................................... 10 nK 

Ily'l:OK 3JieKTpOHOB MHKpOTpOHa nocne npoxo:>K,D;eHHH qepe3 IlOBOpOTHble 

MarHHTbl H KBa,ZJ;pynoJibHI.Ie JIHH3bI nponycK!iJICjl qepe3 IlJia3MeHHYIO KaMepy. 

4 ·0--eµ 

··----6 r---·- < ~7 Jl••n•"'"'"a 
RR83M•I 

7 

8 

PHc.13. CxeMa 3KCnepHMeHTaJibHOH ycTaHOBKH. 1-KBa,ZJ;pynolThHble JUIH3bl, 2-

noBopOTHbie MarHHTbl, 3- nnroMeHHlUI KaMepa, 4-nepe,n;BH:>KHOe 3epKanO, 5-

CHCTeMa perHcTpaUHH cne1<TpoMeTpa, 6- TenexaMepa, 7- coneHOH;:J;hl, 8-

KoppeKTHpyIOm;He MarHHTbl. 
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Ilna3Ma B KaMepe C03,D;aBaJiaCb c IlOMOllJ,blO TJieromero p33px~a, npH 3TOM 

HCilOJlh30BaJICR IlOJlbIH KaTo,n:. 0CHOBHbie napaMeTpbl IlJI33MeHHOH KaMepbI 

cne,a:y10m:He: 

}1.nHTeJibHOCTh pa3pS,ZJ;a ••••.••.••.•••••••..••..•..•••••.•••••••..•••• .40 MKC 

11MnynhCHb1ii: TOK B props,ZJ;e •.•..•••••.••••.•••.•.•.•••.••••••.•••• -3 A 

HanpuKem1e HCTO'IHHKa nHTaHHs •...•••..••••...•.••••••••••••••. -20 KB 

}1.aBJieHHe ra3a B KaMepe ••.••••••••••••••••.•...••.••..•••••••••.•••• 10·
1
-10·2Topp 

I1JIOTHOCTh IlJla3MbI. .•..•.•••••••••••••••••••••.•••••••••••••••••• 10
8 

- 1,5· l 0 11 
CM

03 

}1.nHHa IlJla3MeHHOH KaMepbI ....................................................... 1 M 

,!ViaMeTp nnroMeHHOH KaMephl ................................................... 5CM 

IlpH ,D:aHHbIX 3Ha'leHHHX napaMeTpOB nyqKa H IlJla3Mbl Hanps:>KeHHOCTb nons: 

OT O,ZJ;Horo cryCTKa nonyqaeTCS nopR,D;Ka O,ZJ;Horo lB/cM, a npHpOCT 3HeprHH 

nopjJ:,ZJ;Ka 1003B. Pa3pemeHHe cnel<TpOMeTpa paeHo 10·
3

, HJIH 7,5K3B npH 

3HeprHH 3JieKTpOHOB 7,5 M3B. T.e. cne1<TpoMeTp 6y,ZJ;eT qyscTBOBan. 

H3MeHem:1e cneKTpa ec1m 6y,neT CJIO:>Kemi:e KH.JlhBaTepHbIX BOJIH -100 crycTKOB. 

EcnH He YlfHTbIBaTL 3azyxaHHe BOJIH, TO npH cynepno3HUHH BOJIH scex 4000 

crycTKOB, TeMn ycxopeHHR Mor 6LI COCTaBHTb -0,4M3B/M. 

Cne1<TpaJI1>Hoe pacnpe,D;eneHHe 3JieKTpOHOB ,ZJ;O H nocne B3aHMO,ZJ;e:iicTBHs: c 

IlJia3MOH npHBe,ZJ;eHO Ha pHc.14. 

Pe3ynLTaTbI H3MepeHHS cne1<Tpa 3Jiel<TpOHOB nocne npoxo:>K,ZJ;eHl!jl qepe3 

IlJia3MY HJIJIIOCTpHpyeT 3cpcpeKT CJIO:>KeHHS BOJIH OT nocne,n:oBaTeJibHOCTH 

cryCTKOB, 'ITO npHBO,ZJ;HT K yBeJIH'leHHIO HaJipg)KeHHOCm IlOM OT lB/cM ,Zl;O 

lOOB/cM. 

KpoMe cneKTpaJihHoro pacnpe,D;eneHHs H3Mepsnoch TaK:>Ke nonepe'IHOe 

ceqeHHe nyqxa Ha Bhxxo,n:e nna3MeHHOH KaMepbI. Ilpe,a:nonaraeTcs lfTO, 

IlJla3MeHHruI BOJIHa HMeeT H nonepe•myro COCTOBIDllOIIzyio rrponopUHOHaJILHYIO 

npo,nOJILHOH COCTaBJISlOineM:. IlonepelfHlUI COCTaBJISIOll\aR, npHBO,ZJ;HT K 

H3MeHeHHIO nonepelfHOrO pa3Mepa :meKTpOHHOro nyqxa. 3aBHCllMOCTb 
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H3MeHeHli.ll nonepe'IHOrO ce'leHIDI OT DJTOTHOCTH nJia3Mbl npHBe;:i;eHa Ha pHc.15. 

KaK BH,!l;HO H3 pHCYHKa, MHHHMa.JlbHOe 3Ha'leHHe nony-qaeTCH npH IlJIOTHOCTH 
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PHc.14. CneKTJ>aJibHoe pacnpe;:i;eneHHe 3JieKTJ'OHOB ;:i;o H nocne 

B3aHMO,!l;eHCTBHH c IlJill3MOH. Ilo OCH op;:i;HHaT npHBe;:i;eHa HHTeHCHBHOCTb 

3JieKTJ>OHOB B OTHOCHTeJILHhIX e;:i;HHHu;ax. CneKtpaJibHOe pacnpe;:i;eneHHe I 6e3 

nJia3MLI H II c nJill3MOH. KpecTHKaMH o6o3Ha'leHLI aeJIH'IHHbI B03MO)KHbIX 

OWH60K no ;:i;ByM KOOp)J;HHaTaM. 

6S/S% 
II 
10 
9 
8 
i 
6 
5 
4 
3J----+--
2. 
I 

1010 2.s1010 1011 

Puc.15. OrHocHTeJibHOe H3MeHeHHe nonepe'IHOro ce'leHHH ny-qKa B npou:eHTaX 

B 3aBHCHMOCTH OT nJIOTHOCTH ruia3Mbl. KpecTHKaMH o603Ha'leHbI pa3Mepbr 

onrn6oK no .ll:BYM KOOp,ll;HHaTaM. 
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nJia3MbI 1,4 1011 cM·3, H npH 3TOM paccTmurne Me)IC,ll;y 3JieKTpOHHbIMH cryCTKaMH 

COCTaBJIHeT IlOJIOBHHY ,ll;JIHHbl IlJ1ll3MeHHbIX BOJIH H Ka)K)J;bIH crycTOK yMeHblllaeT 

none npe,ll;hl.!l;ymero crycTKa. 

EI>ma pa3pa60TaHa H C03)J;aHa cpOT03JieKtpOHHWI nymKa H HCCJie)J;OBaHbI ee 

napaMetpbI [10]. <l>OTo::ineKTJ'OHHax nyruKa n03BOJIHeT nony'IHTL e;:i;HHH'IHLie 

HJIH ,ll;BOHHb!e 3JieKTJ>OHHble crycTKH co cne;zyromHMH napaMeTJ)aMH: 3HeprHH 

::ineKtpOHOB ;:i;o 2 M3B; ,ll;JIHHa crycTKOB 1-3 cM; ynpaBIDieMoe paccTO.HHHe 

Me)IC,ll;y crycTKaMH 5-20 cM; TOK B nepsoM crycTKe ;:i;o I OOA H TOK BO BTopoM 

cryCTKe ,ll;O 10 A. Ilo;:i;o6Hble KOHqmrypau;HH 3JieKTpOHHbIX crycTKOB 

Heo6XO,!l;HMbl npH HCCJie)J;OBaHHJIX HOBhIX MeTO)J;OB ycKopeHHH, B qacTHOCTH, npH 

ycKopeHHH 3JieKTJ)OHOB B ruill3Me. CxeMaTH'lecKoe H306pa)KeHHe 

cporo::ineKtpOHHOH nymKH npHBe;:i;eHO Ha pHc.16. 

12 

PHc.16.CxeMaTH'lecKoe H3o6pa)KeHHe ycKopHTenJI ::ineKTJ)OHHbIX crycTKOB c 

<l>oTOKaTO,l{OM. 1- 6aK ,l{JIJI ra3a, 2- nepBH'IHWI o6MOTKa HMnyJibCHOro 

TpaHc$opMaTopa, 3- BTOpH'IHaJI o6MOTKa HMnyJILCHOro TJ'aHCcpOpMaTOpa, 4-

BblCOKOBOJihTHhIH 3JieKTJ>O,ll;, 5- <l>oToKaTO,ll;, 6-H30JIHUHOHHble KOJibUa 

ycKopJiromeli TPY6KH, 7- ::ineKTJ)O;:J;bI ycKop.H10meli TPY6KH, 8- BaKYYMHaJI 

KaMepa, 9- 3epKaJIO, 10- 3JieKTJ>OHHbIB ny-qoK, 11- BaKyyMHbIH naTpy6oK, 12-

Jia3epHbIH ny'IOK. 13- cpoKycHpyrom,aJI JIHH3a H3 IlOCTOHHHOro MarHHTa, 14-

3JieKTJ)OMarHHTHaJI cpOKYCHpyromu JIHH3a. 
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<l>oT03JleKTpoHHW! ny1IIKa npe,ncTasm1eT co6oH: ycKOpHTenb 11p.11Moro 

,!l;eHCTBlUI c IlHTaHHeM OT HMYJibCHOro HCTOqHHKa BbICOKoro Hanp1DKeHHJI. 

l1CTO'IHHK BblCOKOro Hanp.H>KeHIDI - 6e3:>KeJie3HblH HMilYJibCHbIH 

TpaHccpopMaTOp, pacnono>KeHHblH B Menu:mnqecKOM 6aKe c ra3oM no,[( 

,11;aBJieHHeM .no 10 aTM. B Ka'ieCTBe MaTepHana wu1 $OTOKaTo,na 6bIJI BLI6paH 

CIInaB MarnH.H c MaJibIM co.nep>I<aHHeM I:(HHKa H aJIIOMHHIDI. ,Ami cpoT03MHCCHH 

3JieKTpoHoB HcnoJJ:b30BaJIHCb 'ieTsepTWI rapMOHHKa Nd:YAG Jia3epa c 3HeprneH: 

B HMnyJibCe 0.1 M.ll:>I<. 

IlpH o6nyqemm KaTO,!l;a H'.3Jly'leHHeM IlHKOCeIC)'H,ll;HbIX .ZVIHTeJibHOCTeH 6y.n;YT 

3MHTHpOBaTbCH B OCHOBHOM Te 3JieKTpOHbl, KOTOpbie 6blllH HaKOillleHbl Ha 

cpoT0KaT0,11;e 6naro.napg ee eMKOCTH OTHOCHTeJibHO a.HO,r(a. To eCTb H3-3a 

KOpOTKOH ,ll;JIHTellbHOCTH HMilYllbCa H3 BbICOKOBOllbTHOro HCTO'iHHKa IlHTaHHH 

KaTO,D.a HOBbie 3apH,ll;bl He ycnesaroT IlOC'I)'IlHTb Ha cpoTOKaTO,IJ; H CHHMaeMhlH c 

KaTO,D.a 3ap'1,r( He MO>I<eT 6bITb 60Jibille, 'ieM 3ap.H,D; Ha eMKOCTH KaTO}J;-aHO,r(. 

Tor}J;a BellH'iHHa 3MHTHposaeeoro H3 KaTo.n;a 3apx.na Q onpeAeJIHTCH KaK: 

Q = CU=EyoKOp S/27t 

IlpH npHHHTbIX 3Ha':leHffj(X, E = 25 KB/cM , S = 1 cM
2 

nonyqae-rcH Q = 2 HK 

Hirn npH E = l 00 KB/cM , S = l 0cM
2 

, nonyqaeTCH Q = 80 HK B 3TOM cnyqae 

eanpH>KeHHe Ha KaTo,n;e na,naeT no Mepe cHHTHH 3ap.H,1J;a H3 KaTo,na, TaK KaK 

HOBble 3ap'1,r(bl H3 HCTOtf.HHKa ee ycnesaIOT nocrynaTb Ha KaTO,lJ.. EcJIH 

.nonycTHTb, qTo yMeHbmeeHe HSilpH)l(eHHH Ha l):ioTOKaTo,ll;e He ,IJ;OJI>KHO 

npeBblWaTL 10%, TO c KaTO}J;a MO>I<HO CHHTb 3apx.n He 6onee 8 HaHOIC)'JIOH. 

TaKHM o6pa30M, OCHOBHbIMH oco6eHHOCTHMH 3TOH ycTaHOBKH HBJI.HIOTCH BO -

nepBbIX, npHMeHeHHe cpOToKaTO)l.a B HOBOM THne ycKOpHTeJIH, a lilMeHHO, B 

HMilYJibCHOM ycKOpHTeJie npHMOrO .neiicTBHH AJI.H noJiy'ieHHH KOM6HHaI:(HH 

cryCTKOB 3a,ll;8.lj:HOH KOH!f:>Hrypan;HH, H BO- BTOpbIX, KOM6HHaI:(Hjl cryCTKOB 

3~aeTCH lla3epHblM ny'IKOM. 0}.l;HHM H3 u;eHTpaJibHblX BOilpOCOB pemeHHH 

IIOCTaBJieHHOH 3a,n:aqJil 6bIJIO ocymeCTBJieHHe BpeMeHHOH CHHXpOHH3aI:(Hlil 

pa60T1>1 Jia3epa H ycKopHIOruero eanps:>KeHHH. <l>opMHposaHHe lla3epHoro 

HMilYJibCa cy6nHKOCeKyHAHOro ,ll;Haila30Ha HaM6onee ,l.(OCTYilHO c IIOMOillblO 
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cpoTOTpOilHblX KpacJilTeneH:. 0,nHaKO npH 3TOM MMeeTCH 3Ha'il'l'feJTbHag 

BpeMeHHaJI HeCTa6HJibHOCTb ea'lan1>Horo MOMeHTa ipopMHpOBaHM11 

nHKoceKye,neoro HMnyni.ca. PemeHHe 3TOH npo611eMbl 6i.mo Haif,D;eHo B 

cosMeCTHOM npHMeHeHHH aKTMBHOro M naccHBHoro MOAYJUITopa .no6poTHOCTM 

Jia3epa. Cne.nyroruMM sa>KHbIM MOMeHToM 11BJIHeTCH lf:>aKT orpaHH'ieHHH 

MaKCHMaJibHoro TOKa nyruKH nosepxHOCTHhlM 3apJ1AOM ·Karo,D;a. B 3TOM cnyqae 

cy~ecTByeT OilTHMaJibHOe 3Ha'ieHHe HHTeHCHBHOCTH Jia3epHoro ny'iKa, npH 

KOTOpOM Ha nosepXHOCTH KaTO,l.(a eme OCTaeTCH ,l.(OCTaTO'IHbIH 3ap.H,D; ~ 

BTOporo crycTKa 3JieKTpOHOB. 

PaccMoTpeHa B03MO)l(HOCTb yBeJIHtJ.eHHH npe,neJibHOH 3HeprHH ycKopeHHH 

3JieKTpOHHbIX crycTKOB KHJibBaTepHbIMH BOJIHaMH B IlJia3Me (yseJIH'ieHHe 

K03cpqmn;HeHTa TpaHCl):iopMaI:(HH) c IlOMOillblO nocne.n;oBaTeJibHOCTH crycTKOB 

[11]. 

B 3aKJIJOqeHHH }J;HCCepTaI:(HH npHBe,D;eHbl OCHOBHble nony'leHHbJe 

pe3yJii.TaTbl H BbITeKaIOIUHe H3 HHX BbIBO,l(bl. 

OcuoeuL1e pe3yJILTilTLI pa6oTLI 

1. IloKroaao, 'ITO ,!l;JIH qiopMHpOBaHHH KOpOTKHX crycTKOB B03MO:>ICHOCTH 

o.n;Hope3oHaTopHhIX rpynnMpoBaTeneii orpaHH'leHbl [ 12]. .D:oKa3aHa 

B03MO>KHOCTb «H,neaJibHOH» rpynnHpOBKH c llOMOillblO O,ll;HOtJ.aCTOTHOro 

MHOrope30HaTopHoro rpynnHpOBaTemi: c IlOMOillblO pa3llO>KeHHH IlHJioo6pa3HOH 

<iiYHK~MH B TpHrOHOMeTpH'leCKHH pH.n: oco6oro BH,na, npe,nno>I<eHHbIH aBTOpOM, 

B KOTOpOM, B OTJIH'IHe OT pg,n:a <l>ypLe Bee tJ.JleHLI p.H,D;a HMeIOT O.ZJ;Hy H TY )l(e 

qacTO'I)', HO OTJIHqaJOTCJI aMmnrry.n;ou H cprooii [1]. 

2. Propa6ow.a H H3rOTOBJieH .nsyxpe30HaTOpHi.1H: 

rpynnHpoaaTeni. .n:n11 EpeBaHCKoro CHHXpOTpOHa • 

O.ll:HO'iaCTOTHblH 

Mccne,noBaHHe 

rpynnHposaTeJIJI IlOKa3aJIO, tf.TO 3apHA B OCHOBHOM CKOHI:(eHTpHpoBaH B o6naCTH 

30°, r.n.e HaxO,nJITCJI OKOllO 30% TOKa IlynIKH. B pe3yJibTaTe BBo.n:a B .neliCTBHe 
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rpynnHpoBaTem1 nyqxa HH)l(eKTopa MaKCHMWibHa>1 MHTeHCHBHOCTb EpeBaHcKoro 

CHHxp01poHa 6blna yseJIH'IHHa B 2 p!13a [13- 16]. 

3 •. Co3,[(aHa ycTaHOBKa AmI reeepa1um KorepeHTHoro BblH)':>K,ll;eeeoro 

OH,eymlTOpHoro H3JIY'leHml Ha nyqKe MHKp01:poHa 7,5 M3B (nC3). IlpI·'!Be,n:eHbl 

nepBbie pe3yJibTaTbI H3MepeHHll H3ny'ieHHll B ,n:Hano30He ,n:JIHH BOJIH nopll,nKa 

30MKM. 3To 6bIJI BTOpoii JI!l3ep Ha CB060,[(HbIX 3JieKTPOHaX nocne CTempop,n:CKOH 

ycTaHOBKH H nepBbIH TeparepUOBbIH JI!l3ep [2]. 

4.Co3,n:aH OH,[(yJillTOpHbIH MarHHT AM cy6MHJIJIHMeTPOro ,LIHall030Ha H3JIY'leHHll 

H3 qieppoMarHHTHbIX MaTepHaJIOB, 3aperHCTpHpOBaHO OH,[(yJUITOpHoe H3JIY'leHHe 

Ha ny'IKe MHKpOTPOHa c ,n:JIHHOJO BOJIHbl 0,2MM [19]. 

5. Ilpe,n:JIO)l(eH HOBbIH MeTO,n KOMneHC3UHH HeycTOii'iHBOCTeii npH JI!l3epHOM 

ycKopeHHH 3JleKTpOHOB B cpe.ne c npHMeHeHHeM ,n:syx JI!l3epHb1X ny'iKOB [3]. 

6. Ilpe,n:JIO)l(eH HOBbIH MeTOA ycKopeHHll 3JieKTPOHOB IlOJIOCKaMH JI!l3epHoro 

H3ny'leHHll (4, 5). 

7. Ilpose.r1eHa 3KcnepHMeHTaJibH3" nposepKa H,neH ml3epHoro ycKopeH"" B 

OH.z:IYJigTOpax. YsenHqeHHe 3HeprHH 3JieKTpoHOB nocne B3aHMO,[(elicTBHR c 

noneM JI!l3epa B OH.z:IYMTOpe xoporuo cornacyeTcll c TeopeTHY:eCKHMH 

npe,nCK!l3aHHllMH(6]. 3TO 6bIJI nepBbIH ,neMOHCTP3UHOHHbIH 3KCnepHMeHT, 

IlO,[(TBep)l(,nalOIIl,HH B03MO)l(HOCTb Jia3epHoro ycKopeHHg 'iaCTHU B OH.z:IYJillTOpe. 

IlonyqeHa KpHBall 3aBHCHMOCTH B3aHMO,neiiCTBHH OT OCHOBHblX napaMeTPOB 

ycTaHOBKH [7, 8]. Ilpoee,neHO 3KCnepHMeHTaJibHOe HCCJie,noeaHHe Jla3epHoro 

ycKopeHHH 3Jiel<TpOHOB B OH.z:IYMTope c HCilOJib30BaHHeM HMnynbcHoro C02 

JI!l3epa MOIIl,HOCTblO 1-4 IBT. IlonyqeH npHpocT 3HeprnH 60K3B npH HaqarrbHOH 

3HeprnH 3JieKTPOHOB 12 M3B (8). 

8. 3KcnepHMeHTaJibHO no,nTBep)l(.z:leH 3$$eKT CJIO:>KeHHH KHJibBaTepHbIX BOJIH B 

IlJI!l3Me OT IlOCJie,IJ.oBaTeJibHOCTH 3JieKTPOHHbIX cna6oTO'iHbIX cryCTKOB [9). 

9.Co3,naHa <l>oT03Jiel<TpOHHrut nymKa ,n:ng <l>opMHpoeaHHH nocne,nosaTeJibHOCTH 

crycTKOB c 3a,naHHbIMH napaM~aMH H 3a,[(aHHbIM pacnpe.r1eneHHeM 3apg,na B 

crycTI<ax [10], H npeAJIOX<eHa cxeMa AJIH yeenH'ieHHH Ko3$qmuHeHTa 
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TPaHc<l>opMaQHH npH ycKopeHHH 3JieKTPOHOB KHJibBaTepHbIMH eonHaMH B 

IlJla3Me [ 11 ]. 
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