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1. ocnimxeHHs 30yI)KeHHS T10J1iB B IJ1a3Mi Ta [ieJIeKTPUKY NOTY>KHUMHU JIa3€PHUMMU iMITyJIbCaMU Ta
PEJIATUBICTCBKUMU €JIEKTPOHHUMMU 3TyCTKaMU 3317151 IPUCKOPEHHS], (POKYCYBAaHHSI T HArPiBy €JIEKTPOHIB i

MIO3UTPOHIB

2. Study of excitation of fields in plasma and dielectric by powerful laser pulses and relativistic electron bunches
for acceleration, focusing and heating of electrons and positrons

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO TEOPETUIHOMY (32 TOIIOMOTO0I0 YMCIIOBOTO MOZEJIIOBAHHS) JOCTiIKEHHIO
3a7a4, MOB'$I3aHMX TMTAHHIM 30YIPKEHHS KiJlbBATEPHUX I10JIiB, TUTAHHAM [IPUCKOPEHHS 11 (POKYCYyBaHHS 3TYCTKIiB
3apsIPKEHUX YaCTUHOK. B poboTi fifje MOBa PO BUBYEHHS 30YIPKEHHS KiJIbBaTEPHUX I10JIiB B I1J1a3Mi, I'yCTUHA SIKO]
IOPIiBHIOE I'YCTHHI €JIEKTPOHIB B TBEPAOMY TiJli (ME€Talax) pEHTTE€HIBCbKUM JIA3€PHUM iMITyJIbCOM (IIOTY>KHA
€JIEKTPOMArHiTHa XBWJIA); LOCiIKEHHs! (POPMYyBaHHS, BJIACTUBOCTEN Ta POJIi €JIEKTPOHHUX COJIITOHHUX KaBEPH B
iHepLiTHOMY CUHTE3i, a TAaKOX 3IJIa[I)KyBaHHS [IOIIEPEYHUX HEOQHOPINHOCTEN B KDUTUYHIN TOYLIi 32 YMOB B3a€MOii
JIa3€PHOTO iMIIyJIbCY 3 HEOJHOPIAHOIO MJIa3MOI0 B iHEPLITHOMY CUHTE3i; OKpPiM TOTO, OYJIM 3HalIeH] IapaMeTpu OJ1s1
IJ1a3MOBOI JIiH3H, KA J,03B0OJIMjIA 6 OIHAKOBO Ta OJHOPiAHO (GOKYCYBaTH MOCIiOBHOCTI PEJISITUBICTCHKUX

[IO3UTPOHHUX 3TYCTKIB; Ba)KJIMBUM MMUTAHHSIM OYJI0 JOCJIIKEHHS aMIUIITyY KiJIbBATEPHOTO I10J1s Ta KoediljieHTy



TpaHcopmarii 3a 36yIpKeHHs KiJIbBATEPHUX I10JIiB IIOCJIiIOBHICTIO 3TyCTKIB 3apsIpKEHNX YaCTUHOK B I1JIa3Mi Ta
IieneKkTpuKy. Byso nocriimkeHo 30ymKeHHsI 110715 B IJ1a3Mi ITOCIIiIOBHICTIO 3TYCTKIB €JIEKTPOHIB B HEPE30HAHCHOMY
BUIIaJKy. BUB4aeThCs croci6 yTpuMaHHs CaMOiHXXEKTHMBaHUX 3TYCTKIB B (asi IpUCKOPEHHS KilbBaTEPHOI XBUJII, a
TaKOX, BIIJIMB 30BHIIIHbOT'O MArHiTHOTO MOJIsl HA €JIEKTPOHHI 3TYCTKY, 110 30YIPKYIOTh KiJlbBaTEPHE I10JIE B IIJIa3Mi.
PosrisiHyTO npolec KOM6iHOBaHOTO JIa3epO-11JIa3MOBOTO [TPUCKOPEHHS, 3aBJSIKU SIKOMY MOJKJIMBO 320€31€4UTU
TpaHcdep eHeprii MK caMOiHXXeKTOBaHMMU 3TYCTKaMMU 1 KiJIbBaTEPHOIO XBUJE. Pa3oM 3 BUKOPUCTaHHSIM
PEHTI€HIBCbKUX JIA3€PHUX iMIIYJIbCiB, BUKOPMCTAHHS [1JIa3MU 3 TAKMMHU [TapaMeTPaMU JI03BOJIsI€ 3a6€311€YUTU
30yIPKEHHS KiJIbBATEPHUX IOJIiB IPUCKOPEHHS 3 aMILIITYI010, IO JOCSTae KiJIbKOX TEPAaBOJIbT Ha METP. Byio
IIPOJIEMOHCTPOBAHO, 110 32 O3HAYEHUX YMOB KiJIbBATEPHUII MTPOLIEC CYIIPOBOKYETHCSI POPMYBAHHSIM
CaMOiIHXXEKTOBaHUX 3TYCTKIB €JIEKTPOHIB B 00JIaCTi CyTTEBOIO HETaTUBHOI'O IIPOCTOPOBOTO 3apsifly, @ TAKOXK
(GopMyBaHHSIM 00JIACTi 3 MiJIBALIEHOIO IYCTUHOIO i0HIB, sIKa 3abe3edye 3HaYHe 110J1e IPUCKOpeHHs. OKpiM Toro,
CIIOCTEpiraeThcs Tak 3BaHUI PeXUM KOMOIHOBAHOTO J1a3€pO-T1J1a3MOBOTO IIPUCKOPEHHS. MexaHi3m
«MifJamTyBaHHS» OyJI0 AOCJIIPKEHO aBTOpaMU I NIPeICTaBjIeHO B pe3ysbTaTax JOCiIKeHHs. 3aBOsSKY HOMY,
BJ]710CS1 YACTKOBO BiJIHOBUTU M€XaHi3M KOT€pEHTHOrO CKJIaJIaHHS B HeJliHIHHOMY BUIIAJKy. BuByanocs
BMKOPHMCTaHHS HEOJHOPiAHOI IJIa3MU 331714 MiATPUMKHU IIPOLLECY IPUCKOPEHHS CAMOiHKEKTOBAHOI'O 3TyCTKY 1
[iABUILEHHS IPaflieHTy NIPUCKOpPeHHs. B nucepTaliiiHiii po60Ti po3IyIsIHYTO CIIOCi6 36ibLIIeHHS I'YCTUHI
€JIEKTPOHIB I1J1a3MHU, 10 [IPU3BOIUTD O JUHAMIYHOTO 3MEHILIEHHS PO3MiPY KiJIbBATEPHOTO Iy3Up4, B3LOBX SIKOTO
PYXa€eTbCs1 3TYCTOK €JIEKTPOHIB. B 3anporoHOBaHill poOOTi BUBYAETHCS I1J1a3MOBA JIiH3a 117151 (POKYCYBaHHSI 3TyCTKIB,
10 [103BOJISIE OOHAKOBO Ta OAHOPIAHO (POKyCyBaTH MOCIiNOBHOCTI PEISTUBICTCHKUX MO3UTPOHHUX 3TYCTKiB. B
po60Ti 6yJ1I0 BUKOHAHO JIOCIIiI>)KEHHS aMIUIITy I KiJIbBaTEPHOTO 110151 Ta KoedillieHTy TpaHcdopmallii 3a 30yA>KeHHs
KiJIbBaTEPHUX I10JIiB [IOCJIJOBHICTIO 3TyCTKiB 3apsIKEHNUX YACTUHOK B I1J1a3Mi Ta JiesIeKTpUKy. B poboTi mociimkeHo
30yIPKEHHS KiJIbBATEPHOTO I10JIs1 IOCJIiIOBHICTIO 3TyCTKIB 3apsIpKEHNX YACTUHOK B [i€JIEKTPUYHOMY PE30HATOPI.
BrKOHaHO 4KCIOBEe MOJEJIIOBAaHHSI iHXKEKLii 3TyCTKiB 3apsIP)KeHUX YaCTUHOK (€JIeKTPOHIB) 10 AieJIeKTPUYHOro
PEe30HaTOpPY (CTPMKEHD i3 JliesIeKTpUKa 3 METaJIeBUM KOXXYXOM) I 30y I)KEHHS KiJIbBaTEpHOTO 10J1s. B po6oTi 6ys10
IIPOJIEMOHCTPOBAHO, 10 Y BUMIAJKY iHXKEKIii TOCIiIOBHOCTI 3ryCTKIB 3 [IEBHUMU [ITapaMeTpaMy, 30KpeMa, 3
IOBXWHOIO, 110 NopiBHIOE 0,50 LOBXUHU KilbBATEPHOI XBUJIi, MOXKHA OTPUMATH 3HaYeHHs Koediuienty TR=2N, ne N
- 1le KiJIbKiCTb 3ryCTKiB. B po60Ti Mm11X0M JBOBUMIPHOTO YMCJIOBOTO MOJEJIIOBAaHHS BUBUEHO €BOJIIOLIiI0
KiJIbBAaTEPHOI CUJIM (POKYCYBaHHS, IO Jli€ HA 3TYCTKU €JIEKTPOHIB IPU PO3IOBCIOJKEHHI €JIEKTPOHHUX 3IYCTKIB y
I71a3Mi B 3aJIEKHOCTI Bifj IOBXXUHM 3TyCTKY Ta BiflCTaHi MiX 3ryCTKaMU [J1 Pi3HUX NPOQIiiB CTPyMy 3ryCTKy. B xomi
IOCJIiIKeHHS [J151 TIOCJIiIOBHOCTI TOBIUX PEJIITUBICTCHKUX €JIEKTPOHHUX 3TYCTKIB OYyJIO 3HANUZIEHO MEXaHi3M, KU
IIPU3BOJUTH 10 PE30HAHCHOTO 30YIPKEHHS KiJIbBATEPHOTO I10J151 HaBiTh y BUIIAJKax, KOJIM 4YacTOTa iH>KeKIlii 3TyCTKiB
BiIpi3HSIE€THCS Bif] 4aCTOTH IJIa3MU. JJOCTiIKEHO 3aJIeXXHICTh KoedilieHTy TpaHcdopMallii Ta MAKCMMAaJIbHOTO 107151
[IPUCKOPEHHS Bif, IOBXWUHU 3TYCTKY [IPU HE3MIHHOMY 3apsy 3TyCTKY. TaKOK BUBYEHO 3aJI€KHICTb pajiajibHOI CUIIN
Bif] MOB>KMHM 3TYCTKiB Ta BiZICTaHi MiX 3TryCTKaMHU.

2. The dissertation is devoted to the theoretical (by numerical simulation) research of a number of problems
related to the excitation of wakefield, to the investigation of processes of accelerating and focusing bunches of
charged particles. The paper deals with the study of excitation of wakefield in plasma, the density of which is equal
to the electron density in metals by an X-ray laser pulse (powerful electromagnetic wave); study of the formation,
properties and role of electron soliton cavities in inertial fusion, as well as smoothing of transverse
inhomogeneities at a critical point under the interaction of a laser pulse with an inhomogeneous plasma in inertial
fusion; in addition, parameters were found for a plasma lens that would allow the sequences of relativistic positron
bunches to focus uniformly. An important issue was the study of the amplitude of the wakefield and the
transformer ratio for excitation of wakefield by the sequence of charged particle bunches (beams) in plasma and
dielectric. Excitation of the field in the plasma by a sequence of electron bunches in the non-resonant case was
investigated. The process of combined laser-plasma acceleration is considered, thanks to which it is possible to
ensure energy transfer between self-injected bunches and the wake wave. The method of restoring the phase
synchronization of laser pulses and the wake wave is studied, as well as the influence of the external magnetic field
on the electron bunches that excite the wakefield. Together with the use of X-ray laser pulses, the use of plasma



with such parameters allows the excitation of wakefields with an amplitude of several teravolts per meter. It was
shown that under these conditions the wakefield process is accompanied by the formation of self-injected
electron bunches in the region of significant negative space charge as well as regions with high ions density as well
as formation of regions with increased ion density, which provides a significant acceleration field. In addition, the
so-called combined laser-plasma acceleration mode is observed. The mechanism of “adjustment” was investigated
by the authors and presented in the results of the study. Thanks to it, it was possible to partially restore the
mechanism of coherent addition in the nonlinear case. The use of inhomogeneous plasma to support the
acceleration process of the self-injected bunch and increase the accelerating gradient was studied. The author of
dissertation considers a method of increasing the density of plasma electrons, which leads to a dynamic decrease
in the size of the wakefield bubble along which the electron beam moves. In the current work, a plasma lens for
focusing beams is studied, which allows to focus sequences of relativistic positron bunches uniformly. The study of
the amplitude of the wakefield and the transformer ratio for the excitation of wakefield by the sequence of charged
particles bunches in plasma and dielectric were performed. The excitation of the wakefield by a sequence of
bunches of charged particles in a dielectric resonator is investigated in this work. Numerical simulation of injection
of bunches of charged particles (electrons) into a dielectric resonator (a dielectric rod with a metal casing) and
excitation of a wakefield is performed. It was shown that in the case of injection of a sequence of bunches with
certain parameters, in particular, with a length equal to 0.50 of the wavelength, it is possible to obtain the value of
the transformer ratio TR=2N, where N is the number of bunches. By using two-dimensional numerical simulation,
the evolution of focusing force acting on electron bunches during their propagation in plasma has been
investigated in dependence on the bunch length and distance between bunches for various current profiles of the
bunch. The mechanism for the sequence of long relativistic electron bunches, that leads to resonant excitation of
the wakefield even in cases where the frequency of injection of bunches differs from the plasma frequency, has
been studied. The dependence of the transformer ratio and the maximum accelerating field on the length of the
bunch with a constant charge of the bunch is investigated. The dependence of the radial force on the length of the
bunches and the distance between the bunches was also studied.
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