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The accelerating gradients in conventional linear accelerators are currently limited to ~100 MV/m. Plasma-based accelerators have
the ability to sustain accelerating gradients which are several orders of magnitude greater than that obtained in conventional
accelerators. Due to the rapid development of laser technology the laser-plasma-based accelerators are of great interest now. Over
the past decade, successful experiments on laser wakefield acceleration of electrons in the plasma have confirmed the relevance of
this acceleration. Evidently, the large accelerating gradients in the laser plasma accelerators allow to reduce the size and to cut the
cost of accelerators. Another important advantage of the laser-plasma accelerators is that they can produce short electron bunches
with high energy. The formation of electron bunches with small energy spread was demonstrated at intense laser—plasma
interactions. Electron self-injection in the wake-bubble, generated by an intense laser pulse in underdense plasma, has been studied.
With newly available compact laser technology one can produce 100 PW-class laser pulses with a single-cycle duration on the
femtosecond timescale. With a fs intense laser one can produce a coherent X-ray pulse. Prof. T. Tajima suggested utilizing these
coherent X-rays to drive the acceleration of particles. When such X-rays are injected into a crystal they interact with a metallic-
density electron plasma and ideally suit for laser wakefield acceleration. In numerical simulation of authors, performed according to
idea of Prof. T.Tajima, on wakefield excitation by a X-ray laser pulse in a metallic-density electron plasma the accelerating gradient
of several TV/m has been obtained. It is important to form bunch with small energy spread and small size. The purpose of this paper
is to show by the numerical simulation that some precursor-laser-pulse, moved before the main laser pulse, controls properties of the
self-injected electron bunch and provides at certain conditions small energy spread and small size of self-injected and accelerated
electron bunch.
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The accelerating electric fields in metal cavities of conventional accelerators are not more than ~100 MV/m for
technical reasons, partly due to breakdown. Plasma can provide much more accelerating electric field which is
approximately in 10° times larger than possible in metal cavities of conventional accelerators [1]. As plasma in
experiment is inhomogeneous and nonstationary and properties of wakefield changes at increase of its amplitude it is
difficult to excite wakefield resonantly by a long sequence of electron bunches [2, 3], to focus sequence [4-8], to
prepare sequence from long beam [9-11] and to provide large transformer ratio [13-18]. In [4] the mechanism has been
found and in [19-22] investigated of resonant plasma wakefield excitation by a nonresonant sequence of short electron
bunches. Owing to successful development of laser physics [1, 23] the method of electron acceleration by short laser
pulse in plasma is very perspective now. During last years, promising results have measured in experiments on electron
acceleration by wakefield, excited by laser pulse in plasma [23]. The large accelerating wakefield, excited by laser
pulse in plasma, provides possibility to decrease the dimensions and to cut the cost of accelerators. Important property
of the accelerators, based on the laser-plasma interaction, is that short electron bunches can be self-injected and
accelerated to high energy [23]. The electron bunch acceleration with small energy spread was observed at interaction
of intense laser pulse with plasma.

The problem at laser wakefield acceleration is that laser pulse quickly destroyed because of its expansion. One
way to solve this problem is the use of a capillary as a waveguide for laser pulse. The second way to solve this problem
is to transfer its energy to the electron bunches which as drivers accelerate witness. A transition from a laser wakefield
accelerator to plasma wakefield accelerator can occur in some cases at laser-plasma interaction [24].

Developed technology of compact intense lasers, which was awarded the Nobel Prize 2018, one can provide
100 PW laser pulses of a very small duration on the fs-timescale. Prof. T.Tajima concluded [25] that using this a
femtosecond intense laser one can generate a coherent X-ray pulse. He also proposed [25] using these coherent X-rays
to accelerate electrons. This X-ray, at injection into a crystal, can excite wakefield in a metallic-density electron plasma
and ideally correspond for laser wakefield acceleration [25].

In [24, 26-28] it has shown that at certain conditions the laser wakefield acceleration is added by a beam-plasma
wakefield acceleration.
© Vasyl Maslov, Denys Bondar, Iryna Levchuk, Ivan Onishchenko, 2019
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At the laser acceleration of self-injected electron bunch by plasma wakefield the accelerating gradient about
50 GV/m has been obtained in experiments [23]. In numerical simulation [28], performed according to idea of Prof.
T. Tajima [25, 29], on wakefield excitation by a X-ray laser pulse in a metallic-density electron plasma the accelerating
gradient of several TV/m has been obtained. To solve the problem of laser pulse expansion, one can use a capillary
discharge. The second method [23, 24, 26, 27] of solving this problem is fast energy transfer of driver laser pulse to
self-injected electron bunch. This bunch becomes driver-bunch and accelerates next self-injected electron bunch up to
larger energy.

It is important to form bunch with small energy spread and small size. We propose for the first time to use a laser
pulse-precursor, moving directly in front of the main pulse, to control the parameters of a self-injected and accelerated
electron bunch. Previously, no one used a precursor to control the parameters of a self-injected and accelerated electron
bunch.

The purpose of this paper is to show by the numerical simulation that some precursor-laser-pulse, moved directly
before the main laser pulse, controls properties of the self-injected electron bunch and provides at certain conditions
small energy spread and small size of self-injected and accelerated electron bunch.

PARAMETERS OF SIMULATION

Fully relativistic particle—in—cell simulation was carried out by UMKA 2D3V code [30]. A computational domain
(X, y) has a rectangular shape. A is the laser pulse wavelength. The computational time interval is T = 0.05, the number
of particles per cell is 8 and the total number of particles is 15.96x10°. The simulation of considered case was carried
out up to 800 laser periods. The period of the laser pulse is 7 = 2n/wo. The s-polarized laser pulse enters into uniform
plasma. In y direction, the boundary conditions for particles, electric and magnetic fields are periodic. The critical
plasma density n. = m.wo*/(4me?). The laser pulse is defined with a "cos?" distribution in longitudinal direction. The
pulse has a Gaussian profile in the transverse direction. The longitudinal and transverse dimensions of the laser pulse
are selected to be shorter than the plasma wavelength. Directly in front of the main pulse a laser pulse-precursor moves.
Pulse-precursor has a lower intensity and smaller radius compared to the intensity and radius of the main pulse (see
Fig. 1). Pulse-precursor consists of two pulses of different intensities and radii, so that the intensity and radius of the
whole pulse grow along the pulse from first its front. Full length at half maximum of the main laser pulse equals A and
full width at half maximum equals 3. ap=eE.o/(m.cwo) =2.236; E¢ is the electric field amplitude. Full length at half
maximum of the first pulse of the precursor equals 4A and full width at half maximum equals A, ap1=eE-o1/(m.cmo) = 1.
Full length at half maximum of the second pulse of the precursor equals 2\ and full width at half maximum equals 24,
ap=ekE.p/(mecwo) = 1.732. Coordinates x and y, time ¢, electric field amplitude E, and electron plasma density no are
given in dimensionless form in units of A, 21/mo, m.coo/(2ne), m.wo*/(16me?).

RESULTS OF SIMULATION
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Fig. 1. Wake perturbation of plasma electron density ne excited by laser pulse near the boundary of injection

We consider the wakefield excitation by laser pulse, shaped on intensity and radius. The intensity and radius grow
from the first front of the pulse and then abruptly break off. Let us show that one can control the wakefield using a
precursor. Namely, stochastization of the wakefield is suppressed due to the adiabatic growth of intensity and radius of
the pulse. Also one can control quality of the bunch. Namely, a point-kind bunch is formed.

From Fig.1 one can see that due to selected spatial distribution of intensity and radius of laser pulse near the
boundary of injection the adiabatic structure, suitable for good self-injection, is formed.
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Fig. 2. Electron bunch self-injection at plasma wakefield  Fig. 3. Self-injected electron bunch acceleration by wakefield
excitation by laser pulse bubble, excited in plasma by laser pulse

It is seen from Fig. 2 that short electron bunch is self-injected. Fig. 3 demonstrates that point-kind electron bunch
is accelerated.

Stochastization of the wakefield is suppressed due to the adiabatic growth of intensity and radius of the laser pulse
(Fig. 4).
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Fig. 4. Wakefield excitation and self-injected electron bunch acceleration in plasma by laser pulse

CONCLUSION
Thus, the authors for the first time used a laser pulse-precursor, moving directly in front of the main pulse, to
control the parameters of a self-injected and accelerated electron bunch. Previously, no one used a precursor to control
the parameters of a self-injected and accelerated electron bunch. It has been shown by the numerical simulation that
some precursor-laser-pulse, moved directly before the main laser pulse, controls properties of the self-injected electron

bunch and provides at certain conditions small energy spread and small size of self-injected and accelerated electron
bunch.

ORCID IDs
Vasyl Maslov©https://orcid.org/0000-0002-4370-7685, Denys Bondar & https://orcid.org/0000-0002-7358-4305,
Iryna Levchuk ®https://orcid.org/0000-0003-0542-0410, Tvan Onishchenko @ http://orcid.org/0000-0002-8025-5825

REFERENCES
[1]. A. Pukhov and J. Meyer-ter-Vehn, Apl. Phys. B., 74, 355-361 (2002), doi: 10.1007/s003400200795.
[2]. K.V.Lotov, V.I. Maslov, I.N. Onishchenko and E.N. Svistun, Problems of Atomic Science and Technology, 6, 114-116 (2008).
[3]. K.V. Lotov, V.I. Maslov, I.N. Onishchenko and E.N. Svistun, Plasma Phys. Cont. Fus. 52, 065009 (2010), doi: 10.1088/0741-
3335/52/6/065009.

]. K.V. Lotov, V.I. Maslov, I.N. Onishchenko and E.N. Svistun, Problems of Atomic Science and Technology. 3, 159-163 (2012).
5]. V.I. Maslov, LN. Onishchenko and I.P. Yarovaya, Problems of Atomic Science and Technology. 1, 134-136 (2013).
6]. V.I. Maslov, LLN. Onishchenko and I.P. Yarovaya, East European Journal of Physics. 1(2), 92-95 (2014).

1. LP. Levchuk, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 4, 120-123 (2015).



67
EEJP 22019 Vasyl Maslov, Denys Bondar, et al.

[8]. LP.Levchuk, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 3, 62-65 (2016).

[9]. K.V. Lotov, V.I. Maslov and I.N. Onishchenko and M.S. Vesnovskaya, Problems of Atomic Science and Technology. 4, 12-16
(2010).

[10]. K.V. Lotov, V.I. Maslov, I.N. Onishchenko and M.S. Vesnovskaya, Problems of Atomic Science and Technology. 1, 83-85
(2011).

[11]. V.A. Balakirev, I.N. Onishchenko and V.I. Maslov, Problems of Atomic Science and Technology. 3, 92-95. (2011).

[12]. K.V. Lotov, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 4, 85-89. (2010).

[13]. K.V. Lotov, V.I. Maslov, I.N. Onishchenko and I.P. Yarovaya, Problems of Atomic Science and Technology. 3, 87-91 (2011).

[14]. V.I. Maslov, L.N. Onishchenko and I.P. Yarovaya, Problems of Atomic Science and Technology. 4, 128-130 (2012).

[15]. V.I. Maslov, IN. Onishchenko and I.P. Yarovaya, Problems of Atomic Science and Technology. 6, 161 —163 (2012).

[16]. I.P. Levchuk, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 6, 37 —41 (2015).

[17]. LP. Levchuk, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 6, 43 —46 (2017).

[18]. D.S. Bondar, I.P. Levchuk, V.I. Maslov and I.N. Onishchenko, East Eur. J. Phys. 5(2), 72 =77 (2018).

[19]. K.V. Lotov, V.I. Maslov, I.N. Onishchenko and E.N. Svistun, Problems of Atomic Science and Technology. 2, 122-124 (2010).

[20]. V. Lotov, V.I. Maslov, I.N. Onishchenko, E.N. Svistun and M.S. Vesnovskaya, Problems of Atomic Science and Technology.
6, 114-116 (2010).

[21]. K.V. Lotov, V.I. Maslov and I.N. Onishchenko, Problems of Atomic Science and Technology. 6, 103 —107 (2010).

[22]. K. V. Lotov, V.I. Maslov, I.N. Onishchenko and I.P. Yarovaya, Problems of Atomic Science and Technology. 4,73 =76 (2013).

[23]. W.P. Leemans, A.J. Gonsalves, H.-S. Mao, K. Nakamura, C. Benedetti, C.B. Schroeder, Cs. Toéth, J. Daniels,
D. E. Mittelberger, S.S. Bulanov, J.-L. Vay, C.G.R. Geddes, and E. Esarey, Phys. Rev. Lett. 113, 245002 (2014),
doi: 10.1103/PhysRevLett.113.245002.

[24]. T. Tajima, Eur. Phys. J. Spec. Top. 223, 1037-1044 (2014), doi: 10.1140/epjst/e2014-02154-6.

[25]. V.I. Maslov, O.M. Svystun, I.N. Onishchenko and V.I. Tkachenko, Nuclear Instruments and Methods in Physics Research A.
829, 422-425 (2016), doi: 10.1016/j.nima.2016.04.018.

[26]. V.I. Maslov, O.M. Svystun, I.N. Onishchenko and A.M. Egorov, Problems of Atomic Science and Technology. 6, 144-147
(2016).

[27]. D.S. Bondar, I.P. Levchuk, V.I. Maslov, S. Nikonova and I.N. Onishchenko, Problems of Atomic Science and Technology. 6,
76-79 (2017).

[28]. D.S. Bondar, V.I. Maslov, I.P. Levchuk and I.N. Onishchenko, Problems of Atomic Science and Technology. 6, 156 —159
(2018).

[29]. S. Hakimi, T. Nguyen, D. Farinella, C.K. Lau, H.-Yu. Wang, P. Taborek, F. Dollar and T. Tajima, Plas. Phys. 25, 023112
(2018), doi: 10.1063/1.5016445.

[30]. G.I. Dudnikova, T.V. Liseykina, V.Yu. Bychenkov, Comp. Techn. 10(1), 37 (2005).

HOJIMIIEHHSA BJIACTABOCTEN CAMOIHKEKTOBAHHOI'O I IPUCKOPEHOI'O EJIEKTPOHHOI'O 3T'YCTKY
JIABEPHUM IMITYJIbCOM B IIJIA3MI BUKOPUCTAHHSAM INEPEJIBICHUKA
B.I. Macaos!?, I.C. Bounap?, LIL Jlepuyk!, LM. Onnmenko’
! Hayionanvnuii Hayxosuti Llenmp «Xapxiecokuii (hizuxo-mexuivnuii incmumym»
61108, Xapxis, éyn. Akaoemiuna, 1
2 Xapxiscvkuil nayionanvuuii ynieepcumem imeni B.H. Kapasina
nn. Ceoboou 4, Xapxis, 61022, Vxpaina

3apa3 MPUCKOPIOIOYi MOJS B 3BHYAMHUX JHIMHUX MpucKoproBadax oOmexeHi ~100 MB/m. [IpuckopenHs B mia3mi 3abesmnedye
MIPUCKOPIOIOYI TOJIA, SKi Ha KiJbKa NOPAAKiB Oinblie, HiX B 3BHYAHMX NPHCKOPIOBadax. Y 3B'A3KYy 3 YCIHIIIHUM PO3BUTKOM
Ja3epHUX TEXHOJIOTiH, JIa3epHO-TIa3MOBI IMPUCKOPIOBAYl 3apa3 BHUKIMKAIOTH BEJIUKHUII iHTepec. 3a MHUHYJE NECATHIITTA YCIIiIIHI
EKCTIIEPIMEHTH TI0 JIa3¢PHOMY MPUCKOPECHHIO €IEKTPOHIB B IUIa3Mi KUTbBATEPHUM IIOJIEM MiATBEPIMIIN IEPCIEKTHBHICTh IIHOTO
npuckopeHHs. O4eBUAHO, IO BEJIMKI MPUCKOPIOIOYI MOJS B JIA3€PHO-TIA3MOBUX IPHCKOPIOBAYaX AO3BOJSIOTH 3MEHIIUTH PO3MIp i
3HU3UTH BapTiCTh MPUCKOPIOBaUiB. [HIIA BaXkIIMBa IepeBara Ja3epHO-TIa3MOBUX IIPUCKOPIOBAUIB MOJISTae B TOMY, [0 BOHH MOXYTh
CTBOPIOBATH KOPOTKi €JEKTPOHHI 3TyCTKU BENUKOi eHeprii. By mpoxeMoHCTpoBaHi elIeKTPOHHI 3TYCTKH 3 HEBEIUKHUM PO3KHIOM
10 eHeprii Mpy B3a€MOii IHTCHCUBHUX JIA3epHUX IMITYJIBCIB 3 IIa3Mo0. Takox OyJia BHBYCHA CAMOIHKEKIIisS €IEKTPOHHUX 3TYCTKIB
B KiJIbBAaTEpHIll MOPOXHWHI, SKa TEHEPYEThCA IHTEHCHBHUM JIa3epHHM IMITyJIBCOM Y IMUIBHIM IU1a3Mi. 3aBISKM HEIIONABHO
PO3BHHEHI KOMIAKTHill Na3epHiil TexHomorii MoxkHa reHepyBatu 100-IIBT nazepni oxHo-mepioaHi heMTOCeKyHIHI iMITyIbcH. 3a
JOTIOMOTOI0 TOTY’KHOTO (DEeMTOCEKYyHIHOTO JIa3€pHOTO IMIyIbCYy MOXHA TE€HEepyBaTH KOTEPEHTHHH PEHTTEHIBCHKMII IMITyIbC.
Ipodecop T.Tanzima 3anpornoHyBaB BUKOPUCTOBYBATH IIi KOT€PEHTHI PEHTTCHIBCHKI IMITYJIECH AJISl TPUCKOPEHHS YacTHHOK. Ko
TaKUil pEHTICHIBCHKUH IMITYJIEC 1HKEKTYETBCS B KPUCTAJ, BiH B3a€EMOJII€ 3 €IEKTPOHHOIO IJIa3MOI0 METaIeBOI IUIBHOCTI 1 ieasHO
MAXOOUTh JUIA JIA3EPHOTO KiNbBAaTEPHOTO MpHUCKOpeHHs. [Ipu 4YMcioBoMy MOIENIOBAaHHI aBTOpIB, BUKOHAHOMY Ha OCHOBI ijei
mpodecopa T.Tang3imm, mpu 30yMKEHHI KUTBBATEPHOTO MO PEHTTCHIBCBKUM JIA3€pHHM IMITYJIBCOM B CIEKTPOHHIA IUIa3Mi
MeTaJIeBOl TyCTUHH OyJI0 OTpHMaHO MPUCKOpIoroUe moie Kinbka TB/M. [Ipu mazepHOMYy IPHCKOpEHHI caMOiH)XKEKTOBaHHOT'O 3TyCTKY
CJIEKTPOHIB KIUJIbBATEPHUM IOJIEM B IUIa3Mi BaXJIMBO CHOPMYBATH 3TYCTOK 3 HEBEIMKHM PO3KHIOM MO E€HEPrii 1 HEBEIUKUM
po3mipoM. Y miif poOOTi YUCTOBUM MOJEIIOBAHHAM IOKA3aHO, IO TMEBHUH IMITYJIbC-TIEPEABICHUK, IO PyXa€ThCS Mepel OCHOBHIM
Ja3epHUM IMITYJIbCOM, KOHTPOJIIOE BIACTHBOCTI CAMOIH)KEKTOBAHHOTO 3TYCTKY 1 3a0e3ledye 3a IMEeBHUX YMOB MallUi PO3KHI IO
eHeprii 1 Manuii po3Mip caMOiH)KEKTOBAHOTO 1 MPUCKOPEHOTO EIEKTPOHHOTO 3TYCTKY.

KJIOUOBI CJIOBA: KOpOTKHMif Ja3epHHI IMIyJbC, KiIbBaTepHE IMOJE B IUIa3Mi, MPUCKOPEHHS EJICKTPOHIB, YHCIIOBE
MOJICITIOBAaHHS, CAMOIH)KEKIIisl eICKTPOHHHX 3TYCTKIB



68
Improvement of Properties of Self-Injected and Accelerated Electron Bunch by Laser Pulse... EEJP 22019

VJIYUYIIEHAE CBOMCTB CAMOUHKEKTUPOBAHHOI'O 1 YCKOPEHHOI'O SJIEKTPOHHOI'O CT'YCTKA
JIABEPHBIM UMITYJIbCOM B IIVIABME UCIIOJIb30BAHUEM INIPEJIBECTHUKA
B.HA. Macaos'?, JI.C. Bonaaps? U.II. Jesuyk!, U.H. Onumenko!
! Hayuonanonoiii Hayunotii Llenmp «XapbKo8ckutl (ousuKo-mexHuueckuti uHCImumymy
61108, Xapvkos, yn. Akademuueckas, 1
2 Xaporosckuitl nayuonanvhotii ynusepcumem umenu B.H. Kapasuna
ni. Ceob00vt 4, Xapvkos, 61022, Vkpauna

B nacrosmee BpeMs yCKOPSIOLIME IOJS B OOBIYHBIX JMHEHHBIX YyCKOpHTENsAX orpanudeHsl ~100 MB/m. Yckopenue B mia3me
o0ecreyrBaeT yCKOPSIOUINE MOJIsI, KOTOPbIe Ha HECKOJBKO MOPSIIKOB OOJbIIe, YeM B OOBIUHBIX YCKOPUTENAX. B cBa3u ¢ OypHBIM
Pa3BUTHEM Ja3epHBIX TEXHOJOTHUH, Ja3epHO-IIa3MEHHBIE YCKOPUTEIN B HACTOSIIIEE BPeMs MPEJCTaBISIIOT OONBIION MHTEpec. 3a
MpoLIeee AECATUNETHE YCIIEIIHbIe SKCIEPUMEHTHl IO J1a3ePHOMY YCKOPEHHIO JJIEKTPOHOB B INa3Me KHJIbBATEPHBIM IOJTEM
MOATBEPAUIN TIEPCIEKTUBHOCT 3TOr0 ycKopeHHs. OdYeBHIHO, YTO OOJNBIINE YCKOPSIOMIME MO B J1a3epHO-IUIA3MEHHBIX
YCKOPHTEINSX TO3BONSAIOT yMEHBIINTh Pa3Mep U CHU3UTh CTOMMOCTb yCKOpHTeneH. JIpyroe BakHOE MPEHMYIIECTBO Ja3€pHO-
IUIa3MEHHBIX YCKOPHUTENIEH 3aKJIF0uaeTcss B TOM, YTO OHH MOTYT CO3/aBaTh KOPOTKHE 3JIE€KTPOHHBIE CTYCTKM OONBIION SHEPruu.
bbimM poaeMOHCTPHPOBAHbI AIEKTPOHHBIE CIYCTKH € HEOONBIIMM pa30pocoM IO SHEPIHU NPU B3aUMOAEHCTBUM MHTEHCUBHBIX
Ja3epHBIX MMITYyJIbCOB C MiazMmoil. Taxke Obula M3ydyeHa CaMOMHMKEKIHUS 3JEKTPOHHBIX CTYCTKOB B KHIIBBATEPHOW MOJOCTH,
TreHepUpPyeMON MHTEHCUBHBIM JIa36pHBIM HMMIYJbCOM B IUIOTHOHM mua3Me. biaromapst HEaBHO pa3BUTOM KOMIIAKTHOM Jla3epHOM
TEXHOJIOTMU MOXHO reHepupoBatb 100-IIBt nasepHble oqHO-TIEpHOAHBIC (EMTOCEKYHIHbIE MMITYJIbchl. C MOMOLIBIO MOIIHOTO
(eMTOCeKYyHJHOTO JIa3epPHOTO HMITyJIbCa MOXKHO T'€HEpPHPOBAaTh KOT€PEHTHBIH PEeHTreHOBCKui mmmyibc. [Ipodeccop T.Tam3uma
MIPEUTOKHUI UCIIONb30BaTh 3TH KOTE€PEHTHBIE PEHTI€HOBCKUE HMITYJbCHI ATl ycKopeHMs vacTun. Korma takoil peHTreHoBckumit
HMITyJIbC WHXKEKTUPYETCS B KPHCTAUI, OH B3aUMOJAEHCTBYET C SJEKTPOHHON IIa3MON METaJUIMUECKOH IUIOTHOCTH M HIEABHO
MOAXOAUT JUIS JIA3€PHOTO KUIIbBATEPHOTO yCKOpeHus. IIpu duciieHHOM MOJETMPOBAHUM aBTOPOB, BHINOJHEHHOM HAa OCHOBE MIEH
npodeccopa T.Tax3umbl, npu BO30YKICHUN KHIBBATEPHOTO MOJISI PEHTTCHOBCKHM JIa3€PHBIM MMITYJIbCOM B 3JIEKTPOHHOM IIIa3Me
METAJUIMYECKOil  IUIOTHOCTH  ObUIO  TONYYeHO YyCKopsmoimiee mone Heckonbko TB/M. Ilpu  nasepHoM — yckopeHHH
CaMOMH)XEKTUPOBAHHOTO CTYCTKA 3JICKTPOHOB KHJIBBAaTEPHBIM IOJIEM B IUIa3Me BaXHO c(OPMHPOBATH CTyCTOK C HEOOJBIIUM
pa3bpocoM MO SHEPruM M HEOONBUIMM pa3MepoM. B 3Toif paboTe 4HCIEHHBIM MOJECTHPOBAHHEM IIOKa3aHO, UTO HEKOTOPBIH
HMITyJIbC-TIPEABECTHHK, ABIKYLIUICS Mepe]] OCHOBHBIM Ja3epHBIM UMITYJIbCOM, KOHTPOIUPYET CBOMCTBA CAMOMHXKEKTHPOBAHHOTO
CTyCTKa M 00ecleYnBaeT HPH OIPEAENICHHBIX YCIOBUAX MaJblii pa3dpoc 10 SHEPTUU M Mallblil pa3Mep CaMOMHXEKTUPOBAHHOTO U
YCKOPEHHOT'O JJIEKTPOHHOTO CTyCTKA.

K/IIOYEBBIE CJIOBA: KopoTKuif J1a3epHbI HMIIyJIbC, KMIbBATEPHOE IOJE B IUIa3Me, YCKOPEHHUE 3JIEKTPOHOB, UMCIECHHOE
MOJICJIUPOBAHUE, CAMOMHKEKIIUS 3JIEKTPOHHBIX CT'yCTKOB



