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MOJEeI0OBaHHS

2. Plasma wakefield excitation by sequences of relativistic electron bunches: numerical simulation

Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYEHO TEOPETUYHOMY JOCJiIKEHHIO 30YIPKEHHS KiJlbBATEPHUX II0JIIB Y I1J1a3Mi
PE30HAHCHUMMU Ta HEPE30HAHCHUMM I10CJIiAOBHOCTSIMU PEJISITUBICTCBKUX €JIEKTPOHHUX 3TyYCTKIB i OKPEMUM
3TYCTKOM PEJIATUBICTCHKYX €JIEKTPOHIB 3 METOIO BUABJIEHHS OCHOBHUX 3aKOHOMIPHOCTEN LILOTO MPOLECY Ta iX
IIPaKTUYHOTO 3aCTOCyBaHHS. O6'€KTOM IOCIIiIP)KEHHS € KiNlbBaTePHi 10181, 10 30y IKYIOThCS ITOCiIOBHOCTSIMU
PEeJITUBICTCHKUX €JIEKTPOHHUX 3TYCTKIB, @ TAKO>XK OKPEMUM L1iJIBHAM 3TYCTKOM PEJIITUBICTCbKUX €JIEKTPOHIB y
nasmi. JJocsimpKkeHHS, TpoBeieHi B po0OTi, 6a3yI0ThCS SIK HA METOZIaX YUCJIOBOTO MOJIEIIOBAaHHS, SIKe IPOBONMIIOCS
B MeXKaxX riapoguHaMivHOi Ta KIHETUYHOI MOJieiel OIMCy I1a3MH, Tak i Ha MeToZax MaTeMaTtnyHoi disuku. Briepue
3aIPOIIOHOBAHO Ta JOCJIiIKEHO MEXaHi3M Pe30HAaHCHOTO 30y/I>)KEHHSI KiIbBaTepHOI XBUJI y II71a3Mi HEPE30HAHCHOIO
IIOCJIiIOBHICTIO PEJISITUBICTCHKUX €JIEKTPOHHUX 3TYCTKIB y BUIMAJIKY, KOJIM YaCTOTA BXOIPKEHHSI 3TYCTKIB € 61/1bIIOI0
3a [1JIa3MOBY YaCTOTY. Briepiue rokasaHo, [0 MakCMMaJlbHa aMILIITyZa KijlbBaTepHOI XBUJI, 30y I5KeHOI

MOCJIiJOBHICTIO PEJISITUBICTCHKUX €JIEKTPOHHUX 3TYCTKIB, i3 ypaxyBaHHSIM iX pafiiasibHOI IMHAMIKU OCSITA€ThCS B



HEPE30HAaHCHOMY BUINAJIKY [IPY HEBEJIMKOMY II€PEBUIIEHHI IJIa3MOBOI YaCTOTH HaJ, YaCTOTOIO BXOIPKEHHS 3TYCTKIB.
Briepiue 3HaiiileHO YMOBHM OJHOPiIHOrO pafiasbHOro GOKYCyBaHHS, SIK Y3[IOBX KOXKHOTO 3TYCTKY, TaK i B3LOBX yciei
IIOCJIiIOBHOCTI €JIeKTPOHHMX 3IYCTKIB KiJIbBaTEPHUM I10JIEM Y I171a3Mi. Y BUINANKy 30y KEHHS KiJlbBaTEPHOI XBUJIL ¥
I171a3Mi JOBrOIO MOCJIiJOBHICTIO PEJISITUBICTCHKUX €JIEKTPOHHUX 3IYCTKIB MaJjloi T'YCTUHU B PE30HAHCHOMY BUIIAAKY
0yJI0 BCTAHOBJIEHO, 1[0 JIJIs1 TapaMeTPiB OCIiAiB KinbBaTepHi 11oss 6;1136K0 300 3TyCTKiB CKIaal0ThCs
KOTepeHTHO, IIOKM HeJIiHIHICTb XBUJIi HE CTa€ iCTOTHOI0. Pe3ysbTaTy AocigkeHb, BAKOHAHUX y pOOOTi, 6yIn
BMKOPHCTaHi [1J15 [10SICHEHHS (Pi3MYHMX SIBULL, SIKi CTIOCTEPIraloThCsl B OCIIiAX i3 KiJIbBATEPHOTO IIPUCKOPEHHS
3apsKEHUX YaCTUHOK, 1o npoBoaaTses B HHIT "XOTI" HAHY. OtpuMaHti B po60Ti pe3ysibTaTh MOXYTb OyTU
BHMKOPHCTaHi IIpU po3pooblii Ta onTUMizalii JOCIifiB i3 KiTbBaTEPHOTO MPUCKOPEHHS 3aPSI’KEHUX YACTUHOK Y
Pi3HMX HayKOBO-JOCJiIHUX OpraHisalisx cBiTy. Pesysbratu po6otu 6yso BrpoBaaxeHo B IBT XHY im. B.H.Kapazina

B JIEKLITHOMY Kypci "KoJIeKTUBHI MeTOAY IIPHUCKOPEHHS".

2. The thesis deals with the theoretical investigation of the basic mechanisms of plasma wakefield excitation by
resonant and non-resonant trains of relativistic electron bunches and by single dense relativistic electron bunch.
Conditions of attaining the maximum wakefield amplitude excited by a long train of low-density relativistic
electron bunches are investigated by numerical simulation for the parameters of the experiment for the resonance
case when the bunch repetition frequency coincides with the plasma frequency. The mechanism of resonant
excitation of plasma wakefield by a non-resonant train of short electron bunches is proposed and investigated for
the first time, taking into account radial dynamics of bunches, for the case when the bunch repetition frequency
larger than the plasma frequency. The plasma wakefield excitation by a non-resonant train of relativistic electron
bunches for the case of bunch repetition frequency lower plasma frequency is investigated by numerical
simulation. The numerical simulation of properties and excitation of wakefield bubble of plasma electrons by short
dense bunch of relativistic electrons has been performed. The mechanism of focusing of relativistic electron
bunches by plasma wakefield, in which all bunches of a train are focused identically and uniformly, has been
proposed and investigated for the first time.
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