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BJIACTMBOCTI CyNI€PreTepPOMHHOrO apaMeTPUYHOrO JIa3€Py Ha BiJIbHUX €JIEKTPOHAX

2. Influence of the generated pump electric field and electric support field on the amplification properties of a
superheterodyne parametric free-electron laser

Pedepar/aHoTanis:

1. Y puceprauiiiHiii po60Ti 1o6y10BaHO TEOPETUYHY CXEMY ONMCY NPOLIECIB MMiICUIEHHS KOT€PEHTHUX
€JIEKTPOMArHiTHUX XBUJIb TEPAr€PLOBOTO Jiala3oHy y CyIepreTepoiNHHUX TapaMeTPUYHUX Jla3epax Ha BiTbHUX
esiekTpoHax (JIBE) H ybiTpoHHOrO TUIly 3 ypaxyBaHHSIM ePeKTy reHepaliii eJIeKTPUYHOrO 110715 HAaKayKY Ta BIJIUBY
KBa3iCTal[iOHAPHOTO €JIEKTPUYHOTO I10JIs MiANopy. SIK 6a30BUil MaTeMaTUYHUI arnlapaT BUKOPUCTAHO iepapxidyHUi
ACHMIITOTUYHUI MiAXi[ 10 Teopii KoJMBaHb Ta XBUJIb, 30KPEMA, METO]] yCEPENHEHUX XapaKTepUCTUK. [JuHamika
XBUJIb B CyIIepreTepoAMHHOMY apameTpruyHomy JIBE onmcyeTbes 3 ypaxyBaHHSM KyO6iYHUX HEJiHITHUX CKJIaJOBUX
3a JOIIOMOTOIO KBa3irigpoaHaMiYHOTO PiBHSHHS, PiBHSIHHS HEIIEPEPBHOCTI Ta piBHSIHb MakcBea.
3acToCoBYyBaIKCs CTAHJAPTHI YMCIIOBI Ta YUCEIbHO-aHANITUYHI METOAU, BKIIOYAIOYM METOJ, aMILITY/I, 110
MIOBiNILHO 3MiHIOIOThCS. I1if] Yac BUKOHAHHS qucepTauifiHOi po60oTH Brepiue 6yJ10 TEOPETUYHO OO PYHTOBAHO Ta

KiJIbKICHO OLIiHeHO e(eKT reHepatii eJIeKTPUYHOTO I10JIs1 HAKaYKU PeJISTUBICTCHbKUM €JIEKTPOHHUM ITYYKOM.



BcraHOBIIEHO, 10 aMILIITY 1A LbOTO I10JI1s1 MOXe Jocsraty 30% Bif aMILIITyAy 30BHIMIHBOTO I10JI8, 10 IIPU3BOJIUTh
IO 30ibIIEHHS] iIHKpeMEHTA 3pOCTaHHS eJIEKTPOMarHiTHOI XBuUJIi curHany Ha ~20% Ta L03BOJIsIE 3MEHIIUTH
IIO3[JOB>XKHI PO3Mipu IPUCTPOIO Ha 18%. [I71s1 BUpiLleHHs Mpo6aeMy HaCUYEHHS], IIOB'SI3aHOI 3 raJlbMyBaHHIM
€JIEKTPOHHOTO ITy4Ka, 0YyJIO 3aIIPOIIOHOBAHO Ta JOCIIKEHO MEXaHi3M 10JATKOBOTO MifiICUJIEHHS 32 ONOMOTOI0
€JIEKTPUYHOTO M0JIs MiAnopy. Bu3HaueHo ontumMasnbHy KBasiliHiliHy popMy 1bOTO MOJIS T OTO IapaMeTpH, o
I03BOJIsIE CyTTEBO (Ha 70%-130%) NifBUIIUTY piBeHb HACUUEHHS! XBUJIb. [I0Ka3aHo, 1110 3aCTOCYBaHHSI
€JIEKTPUYHOTO I10JIs1 IiATIOPY He JIMIlle KOMIIEHCYe BTPAaTU €HEPTii ITyuKa, ajie i 3HaYHO (Malbke BYETBEPO) IIOCUJIIOE
reHepOBaHe €JIEKTPUYHE 110J1€ HAaKauKuU. 1le Ipu3BOgUTh 10 NiBUILIEHHS PiBHS HACUYEHHS BUXITHOTO
€JIEKTPOMArHiTHOTO curHainy Ha 134% y nopiBHsHHI 3 TpaguuiiHumu cxemamu JIBE. [TponeMOHCTPOBaHO, 0
BHMKOPHUCTaHHSI €JIEKTPUYHOrO I10J1s1 MiJIIOPY NO3BOJIsI€ 3MEHIIUTY HEOOXiIHY HaIllpy>KE€HiCTh OCHOBHOTO IOJISI
OHZYJIATOpA B ~2,7 pa3u IJIs HOCATHEHHS aHAJIOTIYHUX PiBHIB MifcuieHHs. Pe3ysbTaTy, sSKi OTpUMaHi B
IVcepTaliiiHill poOO0Ti, MAIOTh BXKJIMBE 3HAYEHHS /1711 PO3POOKM HOBUX, GL/IbII KOMIIAKTHUX Ta €(PEKTUBHUX JIKEPE
KOrepEeHTHOTO TepareploBOro BUIPOMIHIOBaHHS Ha 6a3i cynepreTepouHHUX napameTpudHux JIBE, mo e

AKTyaJIbHUM [JI51 YUCJIEHHUX HAYKOBUX Ta TEeXHOJIOTIYHUX 3aCTOCYBaHb.

2. This dissertation develops a theoretical framework to describe the amplification processes of coherent terahertz
electromagnetic waves in H-ubitron type superheterodyne parametric free-electron lasers (FELs), considering the
effect of the generated pump electric field and the influence of a quasi-stationary electric support field. The
hierarchical asymptotic approach to the theory of oscillations and waves, particularly the method of averaged
characteristics, is used as the basic mathematical apparatus. The dynamics of waves in the superheterodyne
parametric FEL are described considering cubic nonlinear components using the quasi-hydrodynamic equation,
the continuity equation, and Maxwell's equations. Standard numerical and numerical-analytical methods were
applied, including the slowly varying amplitude method. In this dissertation, the effect of pump electric field
generation by a relativistic electron beam was theoretically substantiated and quantitatively assessed for the first
time. It was established that the amplitude of this field can reach 30% of the external field's amplitude, which leads
to an increase in the growth increment of the electromagnetic signal wave by ~20% and allows for a reduction of
the device's longitudinal dimensions by 18%. To address the problem of saturation, associated with the
deceleration of the electron beam, a mechanism of additional amplification using an electric support field was
proposed and investigated. The optimal quasi-linear form of this field and its parameters were determined,
allowing for a significant (by 70%-130%) increase in the wave saturation level. It is shown that the application of
the electric support field not only compensates for the beam's energy loss but also significantly (almost fourfold)
enhances the generated pump electric field. This leads to an increase in the saturation level of the output
electromagnetic signal by 134% compared to traditional FEL schemes. It has been demonstrated that the use of the
electric support field allows for a reduction of the required undulator field strength by a factor of ~2.7 to achieve
similar amplification levels. The results obtained in this dissertation are of great importance for the development
of new, more compact, and efficient sources of coherent terahertz radiation based on superheterodyne parametric
FELs, which is relevant for numerous scientific and technological applications.
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