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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TeMaTHYHHX PyOPHK: 29.03.45

Tema gucepranii:
1. HaniBkyiacu4HUM nigxif, 0o siorapu@mivHoi Teopii 30ypeHs 1711 3B'SI3aHUX CTaHiB KBAHTOBO-MEXaHIYHUX PiBHSIHb

2. Semiclassical approach to the logarithmic perturbation theory for the bound-state problem in quantum

mechanics

Pedepar:

1. O6'exT - 3B's13aHi cTanu piBHAHG lpeninrepa, Knetna-I'opgona i Jlipaka, jorapudgmiyna Teopist 36ypeHs. MeTa -
PO3p0OKa HalliBKJIACUYHOTO MiJX04y A0 N06YI0BU lorapu@MidyHoOi Teopii 30ypeHb, IPUAATHOI 111 00YMCIIEHHS
[IONPAaBOK BUIIMX MOPSAKIB O €HEPTil i XBUIIbOBUX (QYHKLUIN SK [1J11 OCHOBHUX, TaK i 111 30YIPKEHUX 3B'SI3aHUX
CTaHiB KBAHTOBO-MEXaHIYHUX PiBHSIHb. METOAN: ACUMIITOTUYHNX PO3BUHEHB, TeOpii PyHKILiNl KOMIIJIEKCHOI 3MiHHOI
Ta Teopii AudepeHIiabHUX PiBHSAHb. BUKOPUCTOBYIOUM YMOBY KBaHTYBaHHS Ta HOBI IpaBUJla [epexony o
KJIACUYHOI MEXi, PO3B'sI3aHO OCHOBHY NIPO6JieMy JlorapuMidHOi Teopii 30ypeHb - BpaXyBaHHS By3JliB XBUJIbOBOI
¢dyHKuii. Bnepuie ogepskaHo anrebpaiuHi peKypeHTHi (OpMyJid, M0 MalOTh OJHAKOBO IPOCTUI BUIJISIA, AJ1S

OCHOBHUX i 30y[)KEHUX CTaHiB, i J03BOJISIIOTh OGUKCIIIOBATU [IOIIPaBKY JlorapudmivyHoi Teopii 36ypeHs Oyib-5SKOro



NOPSIKY SIK B UMCEJIBHOMY, TaK i B aHAJITUYHOMY BUTJIsAIL. 30006yTi peKypeHTHi popmyan MoangiKoBaHO IS
3aCTOCYBaHHS OyIb-SIKOi CXeMU [IepEHOPMYBaHb OJIEP>KaHUX PSIiB Teopii 30ypeHb [1Jis1 IPUCKOPEHHS iX 361KHOCTI.
Po3po6s1eH0 HOBUH aHATITUYHUI METO, O0YMCIIEHHSI KPUTUYHOTO 3HAUEHHs [TapaMeTpy eKpaHyBaHHs OTEHIialy
Jeb6as. ObsacTb 3aCTOCYBaHHS METOAY: OTEHIiaIbHI MOZEJI apOHiB, aTOMHA i MOJIEKYJISIPHA CIIEKTPOCKOIIif,
3a7adi (pi3uky TBEPOro Tisa, 0 TPUBOIATH [0 3B'SI3aHMX CTAHIB SIK HEPEJSTUBICTCHKUX, TaK i PEJIITUBICTCHKUX

KBaHTOBO-Me€XaHIYHUX PiBHSIHB i IOTPeOyIOTh 3HAYHOI TOUHOCTI OOYUCIIEHb.

2. Objects are the bound-state problem of the Schrodinger, Klein-Gordon and Dirac quantum-mechanical
equations, the logarithmic perturbation theory. The aim is the explicit semiclassical treatment of the logarithmic
perturbation theory applicable for the calculations the high-order corrections to the eigenenergies and
eigenfunctions of the ground and excited bound states of the Schrodinger, Klein-Gordon and Dirac equations.
Such analytic and numerical methods have been used: method of asymptotic expansions, methods of the theory
functions of complex variables and theory of differential equations. Based upon the Planck's constant expansions
and suitable quantization conditions a new procedure for deriving the perturbation expansions is offered. Avoiding
disadvantages of the standard approach, new handy recursion formulae with the same simple form both for
ground and excited states have been derived. These formulae provide, in principle, the calculation of the
perturbation corrections up to an arbitrary order in the analytic or numerical form. The proposed recursion
procedure has been adapted for the use of any renormalization scheme of improving the perturbation expansions
obtained. A new analytical method for evaluation of the critical screening parameter of the Debye potential has
been found. Spheres of use are the potential models in particle physics, atomic and molecular spectroscopy,
problems of solid-state physics.
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