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1. InTepdepeHuiliHi epeKTU B i0Hi3alliHUX BTpaTax, IEPEXifHOMY Ta KOT€PEHTHOMY PEHTTE€HiIBCbKOMY

BUIIPOMIHIOBAHHI PEJISITUBICTCHKUX YACTUHOK

2. Interference effects in the ionization loss, transition and coherent x-ray radiation by relativistic particles

Pedepar:

1. Y nuceprauiiiziit poboTi Ipe cTaBieHi pe3yibTaTy AOCIiIpKeHb iHTeppepeHLiiHuX edeKTiB y pi3BHOMaHITHUX
BUJIaX €JIEKTPOMArHiTHOrO BUIIPOMIHIOBaHHS Ta iOHI3aLiiHMX BTpaTax €Heprii pelgTUBICTCbKUX 3aPAIKEHUX
YaCTUHOK B aMOP(HUX Ta KPUCTATIYHUX cepeloBuIlaX. PO3rysHyTi epeKTu N0oB's13aHi 3 BeIMKUMU JOBKUHAMU
(hopMyBaHHS BUIIPOMIHIOBAHHS Ta yJIbTPaMallMU PO3MipaMu 3TyCTKiB 3apsIPKEHUX YaCTUHOK. OTPUMaHO
CIIPOLIEHI aHAJIITUYHI BUPa3H, 0 ONUCYIOTh [IPOCTOPOBY €BOJIIOLII0 €JIEKTPOMArHiTHOTO I10J1s1 HABKOJIO €JIEKTPOHA

IicJ1sl IOro BUJIBOTY 3 PEUOBMHU [0 BaKyyMy Y IIMPOKIil 06J1aCTi BilCTaHEH BiJl pE4OBUHU B M€XKaX JOBXKUHU



(opMyBaHHSL. Y3araJbHEHO ONUC CIEKTPAIbHO-KYTOBOTO PO3MOAiNy NE€PExXiIHOrO BUIIPOMIHIOBAHHSI «HAIiBrOJIOT0»
PEJISITUBICTCHKOTO €JIEKTPOHA IIPY OT0 MOXWJIOMY NaiHHI Ha METaJleBy MillleHb Ha BUIIAIOK HU3bKUX €HEPTii
yacTUHKUA. OTPUMaHO BUPAa3U IJIs CIIEKTPaJIbHO-KyTOBUX Ta KyTOBUX PO3IOLiiB, @ TAKOX iHTETrpajIbHOI
iHTEHCUBHOCTi KOT€PEHTHOT'O PEHTI€HIBCbKOTO BUITPOMIHIOBAHHSI «HAIIiBrOJIOTO» €JIEKTPOHA B YJIbTPATOHKOMY Ta
TOBCTOMY KpucTasnax. OTpMMaHO BUPa3u [Jis CIIEKTPAIbHO-KYTOBOTO PO3MOAiNY [EPEXITHOIO BUIIPOMIHIOBAHHS Yy
OJIVKHIN 30Hi Ipu Hioro peecTpallii 3a JOIIOMOro napabdosliyHoro GoKyCyo4oro g3epkasa ILoBiJIbHOTO PO3Mipy.
3106yTo pOopMyJIH [J151 CIIEKTPaJIbHOTO PO3NOIiTy PEHTTE€HIBCHKOTO NEPEXiIHOrO BUITPOMIHIOBaHHS €JIEKTPOHIB y
6araTomapoBUX NEePiOAUYHMX MilIEHSIX AJ1S1 JOBiIBHOIO aKCiaJIbHO CUMETPUYHOTO MONIEPEYHOTO PO3NOLLLY
YaCTUHOK Yy ITy4YKy Ta OOMEXKEHOT0 po3Mipy akTUBHOi 06J1aCTi JeTeKTopa BUIIPOMiHIOBaHHS. OTPUMaHO YMOBU [1JIs
CYTTEBOTO NIOCUJIEHHS IHTEHCUBHOCTI TAKOTO BUIIPOMiHIOBAHHS IIPU JOCTAaTHBO MAJIOMY KyTi aKCENTaHCYy
netekTopa. [lepen6ayeHo eeKT CyTTEBOro 30iIbIIEHHS [1epepidy ioHi3awii aToMHMX K-0060JI0HOK Ta iIHTEHCUBHOCTI
XapaKTE€PUCTUYHOTO PEHTTE€HIBCbKOTO BUITPOMIHIOBAHHS €JIEKTPOHAMU IIPH iX TPOXOPKEHHI KPi3b 6araTomaposi
nepiognyHi mimeHi. [Tokaszano, o Ha i0Hi3aliliHi BTPaTH €JIEKTPOH-TIO3UTPOHHOI [TapU y TOHKIN MillleHi, SIKy BOHa
IepeTHHAaE MicJisd BUIbOTY 3 iHIIOI MillleHi, e BOHa HAPOIPKY€EThCS, iHTep(pepeHLiliHI e(DeKTH BIUIMBAIOTh Ha 3HAYHO
GiNIbIIMX BiICTAHSX Bifl TOUKY HapOJpKEHHS NapH, HixK Ha iOoHi3aliliHi BTpaTu apu y Tiil camill MileHi, 1e BoHa
HapomxyeThcs. [lepenbadeHo inTepdepeHLiiHNil edeKT B iOHI3aliiIHMX BTpaTax eJ1eKTPOH-TI03UTPOHHOI [1apH,
NoAi6GHMI 10 Takoro, o Mae Micue y gudpakxuii @payHrodepa B ontulli. [1s ioHizalillHUX BTpaAT Napu y TOHKIN
MillleHi BUSBJIEHO €(EKT, 10 € 3BOPOTHUM 10 ePeKTy Uyakosa i nossrae B NepeBUILIEHHI BEJIMYMHOIO iOHI3aLilTHIX
BTpAarT I1apy CyMU HE3aJIEKHUX BTPAT €JIEKTPOHA i Mo3uTpoHa. OTPMMAaHO KJIaCUYHi Ta KBAHTOBI BUPa3y AJIs BTPAT
€Heprii peJIsiTUBICTCHKOIO eJIEKTPOHHOr0 6aHyYa yJIbTpaMasioro po3Mipy Ha ioHi3allio Ta 30yI)KeHHsI aTOMHUX
000JIOHOK PEYOBUHM Yepe3 1oro popMm-(PakTopu B yMOBax [IPOsIBY KOT€PEHTHUX €(PEKTIB y IUX BTpartax. s
€JIEKTPOHHUX aHCAMOJIiB i3 IePiogUYHOI0 MOAYJISLIEI0 T'YCTUHY Ilepei6adyeHO Pe30HAHCHUN e(eKT B i0Hi3aliltHUX
BTpaTax. 3alporIOHOBAHO HOBUI MeXaHi3M paflioBUIIPOMIHIOBAaHHS YaCTMHOK y MarHirocdepi nynbcapa, IKUi nae
MOXJIMBICTb [TOSICHUTHU 3arajiky 3MillleHOro iHTepiMITyJIbCy [Jis IyJibcapa y KpabornozibHiili TyMaHHOCTI.

[lepen6adeHo 4acCTOTY, IPU SKill 3MillleHU iHTEPIMITYJIbC Ma€ 3HUKATH.

2. The Doctoral Thesis presents the results of studies of interference effects in various types of electromagnetic
radiation and ionization energy loss of relativistic charged particles in amorphous and crystalline media. These
effects are associated with large radiation formation lengths and ultrasmall size of charged particle bunches.
Simplified analytical expressions describing the spatial evolution of electromagnetic field around the electron after
its exit from matter into vacuum in a wide range of distances from the matter within the formation length are
obtained. The description of spectral-angular distribution of the transition radiation by a “half-bare” relativistic
electron at its oblique incidence on a metal target is generalized for the case of low particle energies. Expressions
for the spectral-angular and angular distributions, as well as the integral intensity of coherent x-ray radiation by a
“half-bare” electron in ultrathin and thick crystals are obtained. Expressions for the spectral-angular distribution
of transition radiation in the near-field zone registered with the use of a parabolic focusing mirror of arbitrary size
are derived. Formulas for the spectral distribution of x-ray transition radiation by electrons in multifoil periodic
targets for an arbitrary axially symmetric transversal particle distribution in the beam and a limited size of the
radiation detector active region are obtained. The conditions for a significant increase in the intensity of such
radiation for a sufficiently small detector acceptance angle are derived. The effect of significant increase in the
atomic K-shell ionization cross section and intensity of characteristic x-ray radiation by electrons in multifoil
periodic targets is predicted. It is shown that the ionization loss of an electron-positron pair in a thin target, which
it crosses after escaping from another target, where it is created, is influenced by interference effects on much
larger distances from the pair creation point than the pair ionization loss in the same target, where it is created.
The interference effect in the ionization loss of an electron-positron pair, similar to the one which occurs in the
Fraunhofer diffraction in optics, is predicted. For the pair ionization loss in a thin target, the effect, opposite to the
Chudakov effect and being the exceeding by the pair ionization loss of the sum of independent electron and
positron losses, is revealed. Classical and quantum expressions for the energy loss due to ionization and excitation
of atomic shells of matter by an ultrasmall relativistic electron bunch via its form factors under conditions of



manifestation of coherent effects in this loss are obtained. For electron ensembles with periodic density
modulation, the resonance effect in the ionization loss is predicted. A new mechanism of radio emission by
particles in a pulsar magnetosphere is proposed, which makes it possible to explain the mystery of shifted
interpulse for the pulsar in the Crab Nebula. The frequency at which the shifted interpulse should disappear is
predicted.
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