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JucepTauiiiHa po60Ta MPUCBSYEHA AHAJIITUYHOMY ONUCY NIPOLIECY PO3CiIOBAaHHS PEJIITABICTCHKUX 3aPSIPKEHUX
YaCTMHOK Ha CTalliOHAPHUX i pyXOMUX MillleHsIX Y OOPHIBCbKOMY Ta €[IKOHAJIbHOMY HabJIMXKEHHSIX KBaHTOBOI
€JIEKTPOJMHAMIKY, 3HAaXOPKEHHIO BilNOBIAHUX AU epeHLialbHUX NIEPEPi3iB pO3CiloBaHHS Ta JOCIiIKEHHIO
KOT€PEHTHUX i HEKOTePEHTHUX e(eKTiB y po3citoBaHHi. Po31is 1 npuCBsiYe€HO Orsiay JliTepaTypy Mo Temi
nuceprauii. Ha ocHOBI nocrimkenux pxxepes copmMyiboBaHoO 3anadi podotu. Y Poznini 2 oTpumaHo



IvdepeHLianbHi Iepepi3n pO3CiloBaHHS PEJISITUBICTCHKUX 3aPSAIKEHNUX YJACTMHOK Ha Pi3HUX KOH(QIrypauisx aToMiB
y MillleHi y nepiomy 60pHiBCbKOMY HaOJIMKEHHI Ha MificTaBi po3risany intepdepenuiiinoro gpakropa Jlaye-bperra.
[TpoieMOHCTPOBAHO PO3AiNIEHHS OTpUMaHUX NudepeHlliaJbHUX NIepePi3iB PO3CiloBaHHS Ha [epepi3u KOTepeHTHOTo
Ta HEKOT€PEHTHOTO po3CitoBaHHs. [loKa3aHMil rpaHNYHNI NIepexif Bif AudepeHLiaTbHOro epepisy po3ciloBaHHS
Ha CyKYITHOCTI BIIOPAAKOBAaHUX Iapajlie/IbHUX JIAHLIOKKIB aTOMIB [10 IIEPEPi3y PO3CiIOBAaHHA Ha CYKYITHOCTI
NapajieJIbHYUX KPUCTAIIYHUX IJIOIIKH Y MOJIEJI PiIBHOMIPHOT'O PO3MOAiIY aTOMIB y KOXKHIi MyIOmUHI. Y Po3zini 3
OTPUMAaHO B €MKOHAJIbLHOMY HaOJ/IV>KeHH] AudepeHLiaabHui IIepepi3 po3CiloBaHHS PENITUBICTCbKUX 3aPSIKEHNX
YaCTUHOK Ha MJIOMMHI aTOMIB y MO/ieJli piBHOMIpHOTO PO3MOily aTOMiB. Y €/iIKOHaJIbHOMY Ha0JIMKEHH] B LIii
POOOTi He BpaXxOBYIOThCSI [IOIIPABKY, IIPOIOPLilHi Biff eMHUM cTereHsM iMmmysibcy. [TokazaHo, 1mo Bupas Jjist
IvdepeHLiaTbHOTO Nepepi3y B €iKOHAJIbHOMY HabJIMXEHHI IEPEXOIUTh y BifiIOBIIHMI BUpa3 B OOPHIBCbKOMY
HAOJIMKEHHI Y TPaHUYHOMY BUIIAJIKY LOCTATHbO TOHKOI MilleHi. Po3paxyHku nuepeHuiaJbHOro nepepisy B
eKOHAJIbHOMY HaOJIVDKEeHHI 3[1iMCHIOBAJINCS Y TOMY YHCJIi 32 JOTIOMOTOI0 METOJy CTaljioHapHOi ¢a3u Ta METoay
Jlannaca. Y Po3pini 4 y efikoHasibHOMY HabJIMKeHHI JOCIIIIPKEHO Mpolec paiy>KHOro PO3CilOBaHHS
PEJISTUBICTCHKUX 3aPSI’KEHMK YaCTUHOK Ha IVIOLMHI aTOMIB Y MOZEJli piIBHOMIPHOIO PO3I0Liny aTOMiB. Takoxk
PO3paxoBaHO AudepeHLiaTbHUNI IEPepi3 po3CiloBaHHS B 1bOMY BUNIAJKY MPY BifijajleHHi NEpeIaHoro iMITyJIbCY Bif,
TOYKU paniflyry 3 ypaxyBaHHSM iHTep@epeHLii aMITiTy ] PO3CiloBaHHS, SIKi Bi[IOBiAAIOTh OLHO3HAYHUM TijKam
3aJIEXKHOCTI IPULIJILHOTO IIapaMeTpa Bifi IepelaHoro iMnyJbCy. [1j1s1 OTpUMaHHs BUPasy AJ1s1 IUQepeH1iabHOro
nepepisy po3CiloBaHHSI BUKOPMCTAaHO HAOMDKEHI Ta YncesIbHI MeTogu. Po31in 5 NpUCBSIY€HO OTPUMAHHIO XBUJIbOBOI
(dyHKLii B eIKOHAaJIbHOMY HaOJIVDKEHHI [17151 PO3CilOBaHHS YJIbPAPEJISITUBICTCHKOI YAaCTUHKY Y 4aCO3aJIEKHOMY
YOTHUPUIIOTEHLiasi ITy4Ka yJIbTPapessITUBICTChKUX 3apsiIpKeHNX YacTUHOK. OTpUMaHO Ieplly Monpasky Ao ¢asu
XBWJIbOBOI (PYHKIii B €[iIKOHAJIbHOMY HabJIVKEeHHI, AudepeHLiaabHII Iepepi3 Po3CiloBaHHS
yJIbTAPapeIITUBICTChKUX YACTUHOK HA MYYKY YJIbTPAPEISITUBICTCHKUX YACTUHOK Y €MIKOHAJIbHOMY HAOJIVDKEHHI Ta
IepeBipeHo BUKOHAHHS 3aKOHY 30€peskKeHHsI €Hepril B TakoMy BUIIAIKY. PO3IJISIHYTO BUNIAIOK IJIOCKOTO Iy4YKa. Y
11il1 poOOTi [IJIOCKUM ITyYKOM Ha3UBAETHCS NIYYOK, SIKA y TIONIEPEeYHiil 0 HallpsSIMKY PyXy IJIOLIUHI Mae raycis
PO3IIOLiN Y30BXK OJHi€l 3 0Ocel i HyJIbOBY TOBIIMHY B3LOBX iHIIOI. OTpUMaHO ¢a3y XxBUIbOBOI (QYHKIIi AJ1s
YaCTUHKMU, PO3CIiSIHOI Ha IJIOCKOMY Iy4YKy-MillleHi. 3a JOMOMOrOI0 YMCeIbHUX METOLIB i MeToay cTalioHapHoi ¢pas3u
Oysi1 oTpuMaHi nudepeHLianbHi nepepisy po3ciloBaHHS yIbTPapessiTUBICTCHKUX 3aPsiIpKEeHUX YaCTUHOK Ha
IIJIOCKOMY IIY4KY yJIbTPApPeIITUBICTCbKUX YACTUHOK JJ1s1 Pi3HOI KiZIbKOCTI YaCTUMHOK Yy IyuKy. [TpakTiuyHe
BMKOPHMCTAHHSI Pe3yJIbTaTiB Liei po60TH nependadae 3aCTOCYBaHHS UX TEOPETUYHUX PE3YJIbTATIB IJIs1 ONIUCY
IIpOLIeCy PO3CiIOBAHHS, SIKMI1 € CKJIaJOBOIO Cy4YaCHUX €KCIIEPUMEHTIB Ha iCHyI0uMX i MaiibyTHIX IPUCKOPIOBaYax
eJIeMeHTapHUX YaCTUHOK, Takux siKk SuperKEKB (fInoxis), Benuknit agponnuit konaiaep (LLEPH), ILC, FCC Ta
iHmux. AHasi3 nepepisiB pangy>KHOrO PO3CiIOBAaHHS MOE IOIOMOITH JOCIIIKYBATH BUTJIAH, Mi>KaTOMHOTO
noTeHuiany MimeHeil. OTpuMaHi B Lill po60Ti BUpasu 111 AudepeHLialbHUX Iepepi3iB PO3CilOBaHHS MOXYTb OyTU
BUKOPUCTAHI SIK 1711 IOCTAHOBKU €KCIIEPVMMEHTIB 1010 AOCiIKeHHS] KBAHTOBUX SIBUI [IPU PO3CilOBaHHi
PEeJATUBICTCHKUX 3aPSIKEHUX YaCTUHOK Ha OPi€EHTOBAaHMX KPUCTaJaX, TaK i 1711 TEOPETUYHOTO OIUCY IIPOLIECY
BUIIPOMIHIOBaHHS, SIKAJl BU3HAYAETHCSI OCOOIMBOCTSIMU PO3Cil0BaHHS. KiI04OBi C10Ba: KBAHTOBA €JIEKTPOJAMHAMIKA,
¢dismKa BUCOKUX eHepriil, po3ciloBaHHs, AudepeHLiaabHIi IIepepi3 po3CiloBaHHS, paliiy>KHe pO3CiloBaHHS,

elikoHasibHe HabJKeHHs, 60pHiBCbKe HAGIMKEeHHSI.

2. Omelchenko V. D. Coherent and incoherent effects in the scattering of highenergy particles in thin targets. -
Qualifying scientific paper, manuscript copyright. Thesis for the scientific degree of Doctor of Philosophy:
specialty 104 - «Physics and Astronomy». — Akhiezer Institute for Theoretical Physics, National Scientific Center
«Kharkiv Institute of Physics and Technology» NAS of Ukraine, Kharkiv, 2024. The thesis is devoted to the
analytical description of the scattering process of relativistic charged particles on stationary and moving targets in
the Born and eikonal approximations of quantum electrodynamics, obtaining the corresponding differential
scattering cross-sections and investigating coherent and incoherent effects in scattering. Section 1is devoted to
the literature review on the thesis topic. Based on the researched sources, the thesis tasks were formulated. In
Section 2, the differential cross-sections of relativistic charged particles scattering on different configurations of
atoms in the target are obtained in the first Born approximation based on consideration of the Laue-Bragg



interference factor. The split of the obtained differential scattering cross-sections into coherent and incoherent
scattering cross-sections is demonstrated. The limit transition from the differential scattering cross-section on a
set of ordered parallel atomic strings to the scattering cross-section on a set of parallel crystal atomic planes in
the model of uniform distribution of atoms in each plane is shown. In Section 3, in the eikonal approximation, the
differential cross section of relativistic charged particles scattering on the atomic plane in the model of the
uniform distribution of atoms is obtained. In the eikonal approximation in this thesis, corrections proportional to
negative powers of the momentum are not taken into account. It is shown that the expression for the differential
cross-section in the eikonal approximation turns into the corresponding expression in the Born approximation in
the limiting case of a sufficiently thin target. Calculations of the differential crosssection in the eikonal
approximation were carried out, including with the help of the stationary phase method and the Laplace method.
In Section 4, in the eikonal approximation, the process of rainbow scattering of relativistic charged particles on the
atomic plane in the model of uniform distribution of atoms is investigated. The differential scattering cross-
section, in this case, was also calculated when the transferred momentum is far from the rainbow point, taking into
account the interference of the scattering amplitudes, which correspond to the single-valued branches of the
dependence of the impact parameter on the transferred momentum. Approximate and numerical methods were
used to obtain the expression for the scattering cross-section. Section 5 is devoted to obtaining the wave function
in the eikonal approximation for the scattering of an ultrarelativistic particle in the time-dependent four-potential
of a beam of ultrarelativistic charged particles. The first correction to the phase of the wave function in the eikonal
approximation, the differential crosssection of the scattering of ultrarelativistic particles by a beam of
ultrarelativistic particles in the eikonal approximation in this case were obtained. Also fulfillment of the energy
conservation law was checked for this case. The case of a flat beam is considered. In this paper, a flat beam is a
beam that, in the plane transverse to the movement direction, has a Gaussian distribution of particles along one of
the axes and a zero thickness along the other axis. The phase of the wave function for a particle scattered at the
flat target beam is obtained. Using numerical methods and the stationary phase method, the differential cross-
sections of the scattering of ultrarelativistic charged particles on a flat beam of ultrarelativistic particles for
various numbers of particles in the beam were obtained. The practical use of the results of this thesis involves the
application of these theoretical results for describing the scattering process, which is a component of modern
experiments at existing and future accelerators of elementary particles, such as SuperKEKB (Japan), the Large
Hadron Collider (CERN), ILC, FCC, and others. The analysis of the rainbow scattering cross-sections can help to
investigate the form of the interatomic potential of targets. The expressions for the differential scattering cross-
sections obtained in this work can be used both for designing experiments for the study of quantum phenomena in
the scattering of relativistic charged particles on oriented crystals and for a theoretical description of the radiation
process, which is determined by the characteristics of scattering.
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