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2. Relativistic spectroscopy of heavy atoms with accounting for exchange-correlation and radiation effects

Pedepar:

1. ¥ nuceprauiiiniii po60Ti HaBeleHO HOBE BUPIlIEHHSI HAyKOBOI IIPOGJIEMH, 110 BUSIBJISIETHCS B pO3pOOLIi
TEOPETUYHUX OCHOB HOBOI ITPeLU3ifHOI PesIITUBICTCHKOI CIIEKTPOCKOI Ba)KKUX 3BUYANHUX OaraToeseKTPOHHUX Ta
€K30TUYHUX aJIPOHHUX (KAOHHNMX) CUCTEM 3 OJJHOYACHUM KOPEKTHUM YPaxyBaHHSIM SIIEPHUX, PafiallifiHUX,
0O6MiHHO-KOpeJILifHNX €(EKTIB Ha OCHOBI (popmasi3smy KOMOIHOBaHOI KaliOpyBasibHO-iHBapiaHTHOI
PeJATUBICTCHKOI 6araTo4acTUHKOBOI Teopii 30ypeHb 3 ONTUMI30BaHUM Jipak-(OKiBCHbKUM HYJIbOBUM HAOMKEHHSIM
Ta y3arajbHEHOTO €HEPreTUYHOTO MifX0Ay, HOBOr0 €(peKTUBHOTO PEJISTUBICTCHKOTO MiTXOAY 0 PO3PAXYHKY
napaMeTpiB O0-po3Naay (4O3BOJIEHUX MEPEXOIiB) BAXKKMX CUCTEM B MeKax IIPELM3iIHOI KOOIEPaTUBHO]I €JIEKTPOHHO-
O-SlepPHOI CIEKTPOCKOTIii aTOMHUX cucTeM. OTPUMAHO HOBI IaHi [1719 €Hepriil IepexoiB, CUJI OCLUUIATOPIB i
HMOBipHOCTE! pafialliffHUX [epexoiB B cieKTpi aTroMiB Taito Tl, irep6io Yb, Tysio Tm. Briepiie BusiBieHoO
VHiKaJIbHiI 0COGJIMBOCTI B aBTOiOHi3alilHiN criekTpockonii Yb Ta Tm, NoB’s13aHi 3 aHOMaIbHO MAJIMMU LIMPUHAMU
aBTOIOHi3ali1HUX, pig6epriBCbKUX Pe30HAHCIB. Briepie oTpuMaHo MpeuusiiiHi JaHi Mo eHeprisam piBHIB A1 BUIUX

4jieHiB pifbepriBcbkux cepiit ypany U. 3 MeTo10 OTpMMaHHS HOBOI iH(opmallii BUKOHAHO [OKJIaJHi pO3paxyHKU



€HEePreTUYHMX Ta CIIEKTPOCKONIYHMX XapaKTePUCTUK BaXKKUX KAOHHUX aTOMiB, 30KpeMa, Bosib(ppamy 184W, cBUHIIIO
207Pb Ta ypany 238U. Briepuie Ha OCHOBi HOBOT'O MiZIXOly OTPYMAaHO Pe3yJbTaTH 100 XapaKTePUCTHK Liijioi cepii
[I03BOJIEHUX ([I0OHA], 103BOJIEHUX) O-po3MajliB. Po3BUHEHI B JjaHill poOOTi Blieplle B TEOPETUYHIN aTOMHI ONTULIi Ta
CIIEKTPOCKOIIii NPUHIMIIOBO HOBI MiX0AM i OTPUMAaHi Ha iX OCHOBI B [IepEBaXKHi GiJIbIIOCTI i3 CIIEKTPOCKOMNIYHOIO
TOYHICTIO BIleplIE€ OPUTiHaJIbHI HAYKOBi PE3YJIbTaTH B CYKYITHOCTI 3aKJ1aAl0Th OCHOBY HOBOI'O HAyKOBOT'O HAIIPSIMKY
B Cy4aCHi! TEOPETUYHIN ONTULIi i CIIEKTPOCKOIIi BaKKUX aTOMHUX CUCTEM, IPUYOMY BIIEPILIE NS ESIKUX

pinbepriBcbKUX PE30HAHCIB Nlepei0ayeHi 3Ha4eHHs! iX eHepriil Ta IMpPUH.

2. The dissertation presents a new solution to the scientific problem, which is manifested in the development of
theoretical foundations of a new precision relativistic spectroscopy of heavy conventional multielectron and exotic
hadron (kaon) systems with simultaneous correct accounting of nuclear, radiation, exchange-correlation effects
on the basis of formalism of the combined gauge-invariant relativistic many-particle perturbation theory with
optimized Dirac-Fock zero approximation and generalized energy approach, a new effective relativistic approach
to calculating the parameters of n-decay (allowed transitions) of heavy systems within precision cooperative
electron-o-nuclear spectroscopy of atomic systems. New data are obtained for transition energies, oscillator forces,
and radiation transition probabilities in the spectrum of thallium TI, ytterbium Yb, and thulium Tm atoms. For the
first time, unique features in autoionization spectroscopy of Yb and Tm, associated with abnormally small widths
of autoionization, Rydberg resonances, have been discovered. For the first time, precision data on the energies of
levels for higher members of the Rydberg uranium U series have been obtained. In order to obtain new
information, detailed calculations of the energy and spectroscopic characteristics of heavy kaonic atoms, in
particular, tungsten 184W, lead 207Pb and uranium 238U, have been performed. For the first time, on the basis of a
new approach, results have been obtained on the characteristics of a whole series of allowed (super allowed) o-
decays. The fundamentally new approaches developed in this work for the first time in theoretical atomic optics
and spectroscopy and the original scientific results obtained on their basis with most of the spectroscopic
accuracy for the first time together lay the foundations of a new scientific direction in modern theoretical optics
and spectroscopy of heavy atomic systems, and for the first time for some Rydberg resonances, the values of their
energies and widths have been predicted.
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