O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0419U000746
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamnii: 20-03-2019

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tumuyuk Poman Bosogumuposuy

2. Tymchyk Roman V.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniagabHOCTI: 01.04.02

Ha3Ba HayKoOBOIi CIIeniaJIbHOCTI: Teopetnyna diznka

T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS
OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
JaTa 3axHCTy: 13-03-2019

CreniaJIbHICTh 32 OCBiTOIO: Qizuka

Micue po6oTH 34,00yBaya: [HcTuTyT e1eKTpoHHOI disrkn HAHY
Kopg 3a €IPIIOY: 05540008

Micue3Haxo0O KEeHHS: By/1.YHiBepCUTETChKA, 21, M. YKropoi, YKroposiChKuii p-H., 3akaprarchka 0671., 88017,
Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOi pagH (pa30Boi creniaai30BaHOl BYEHOI pagu). [l 35.156.01
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT (isuku KOHZeHCoBaHuX cucteM HAH Vkpainu
Kopg 3a €IPIIOY: 05540014

Micueanaxo;pKeHHﬂ: ByJ1. CBeHLILBKOrO, 1, M. JIbBiB, JIbBiBCbKA 001., 79011, Ykpaina

dopma ByracHoCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akazieMist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT e1eKTPOHHOI dizrku HAHY
Kopg 3a €IPIIOY: 05540008

Micuesnaxo,rm(eﬂnﬂ: BYyJI.YHiBepCUTETChKA,21, M. YXropog, YKroponcbkuil p-H., 3akapnarcbka 0671., 88017,
Ykpaina

dopma By1acHoCTI:

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOPHK: 29.29

Tema gucepranii:
1. Po3paxyHKM HMXHIX aBTOIOHi3alliiiHUX CTaHiB aTOMiB 6€pWUJIiI0, MarHilo, KaJbLIilo

2. Calculations of the lowest autoionizing states of the beryllium, magnesium and calcium atoms

Pedepar:

1. Incepranjiiina po60Ta IpUCBIY€Ha PO3BUTKY METOJy B3aEMO/Iil0uMX KOHQIrypaliil y 300pakeHHi KOMIIJIEKCHUX
quceJi 1J11 OTPMMaHHS €HEPreTUYHUX MI0JIOKEHD Ta MIMPUH aBTOIOHI3al[iTHUX CTaHiB, 1[0 BUHMKAIOTh Y NIPOLEeCi
ionizanjii aromiB Be, Mg, Ca eleKTpOHHMM yIapoM Ta BHACTiNOK $OTOiOHI3aLii BKa3aHMX aTOMiB. MeTa BUKOHYBaHUX
IOCIIIKEHDb JOCATAEThCS LiJIeCIPSIMOBAHNM MTOETATHVM YCKIJIAIHEHHSIM PO3PaxyHKiB €eHEPreTUYHYX [TOJIOXKEHD |
LIVPUH aBTOIOHI3aliHMX CTaHiB, 110 BUHMUKAIOTh Y IIPOLe€Cax i0Hi3alii aTOMHUX CUCTEM, Bif| iOHIB 1O
6araToeseKTpOHHUX aToMiB. OyHIaMEeHTaJIbHUI aCIIeKT aKTyaJIbHOCTI IOJIArae y po3MKUPEeHHI MeX 3aCTOCYBaHHS
METO[ly B3aeMOJi04MX KOHQIirypauiil y 306pakeHHi KOMIIJIEKCHUX YMCeJ Ha 6araToesieKTPOHHI aTOMHI CHCTEMHU.
Merto[ 003BOJISIe PO3PaxOBYBaTU HE JIALIE MTOJIOKEHHS, ajle i IIMPUHY aBTOIOHI3aliHUX CTaHIB, NOCIIIKYBaTU HE
JialIe IpoLeC PO3Cil0BaHHS, ajle i Mpolec ioHi3alii aTOMHUX CUCTEM €JIEKTPOHAMU Ta (POTOHAMU. Y nucepralii
METO/I 3aCTOCOBYETHLCS Came [IJIs1 LOCIIiIKEHb IIPOLIECY i0Hi3allii aTOMIB Ta i0HIB €JIEKTpOHAMU, 110, HA BiIMiHY Bif

BMBYEHHSI [IPOLeCy PO3CilOBaHHS €JIeKTPOHIB Ha aTOMaX, € IIeBHOIO IIPO6JIEMOIO cyyacHoi Teopii. [IpuknanHuii



ACIIEeKT aKTyaJbHOCTI IIOJISITA€ Y POJIi aBTOIOHI3aLiiHMX CTaHIB SIK JKepesia iH(popmalii Ipo CTPYKTYPy CHEKTPiB
aToMiB Ta ioHiB, Ipo eeKTHBHI Nepepi3u MPoLeciB Ta IMOBIPHOCTI Nepexo[iiB, Ki BifirpaloTb BaskJIUBY POJIb Y BCiX
IIPOLIeCax eJIeKTPOH-aTOMHUX, €JIeKTPOH-IOHHUX 3iTKHEHb, OCKIJIbKY Y OG1/IbIIOCTI BUIAKIB [1epepi3u pe30HaHCHOI
ioHi3alii, 3aBAsSKM HasBHOCTI KBa3iCTalliOHaPHUX CTaHiB, MOXKYTb Y KijJIbKa pa3iB IEPEBUILYBATHU II€PEPI3U MTPAMOI
ioHi3auii, 1110 € BaKJIMBUM aCIIEKTOM Y [iarHOCTHULi HU3bKOTEMIIEPATYPHOI I1a3Mu. 30yIPKEHHS Ta po3mnaf,
aBTOIOHI3alillHUX CTaHIB € SCKPaBUM IIPOSIBOM KOPEeJISILiiHUX e(EeKTIiB y eJIeKTPOHHUX 000JIOHKAxX aTOMIB i, SIK
HACJIiOK, — OAHUM i3 Hal6iIbII IPIOPUTETHUX HAIIPSIMIB Y Cy4acHil (i3ulli eJIeKTpOH-aTOMHUX 3iTKHEeHb. HayKoBi
PEe3yJIbTaTH, SIKi BUHOCSATLCS HA 3aXUCT. YCIIIIHO PO3BUHYTO OOYMCIIIOBAJIbHI MOKJIMBOCTI METOly B3a€MOJII0YMX
KOHQirypariil y 306pakeHHi KOMIJIEKCHUX YHCeJl i Blleplie 3aCTOCOBAHO el MeTO[, [J1s1 OTPMMaHHS ITIOBHUX Ta
napuiaJbHUX XapaKTEPUCTUK aBTOiOHI3aLiHuX cTaHiB Be, Mg, Ca. Taknm YMHOM, PO3MIUPEHO MOKINUBOCTI
3aCTOCYBaHHS LIbOTO METOMY Ha ONMC 6araToeJeKTPOHHUX aTOMHUX cucTeM. OOrpyHTOBAaHO BUOIp XBUJIbOBOI
(dyHKIii OCHOBHOTO CTaHy aToMa 1151 aJeKBaTHOT'O ONUCY IIPOLIECiB ioHi3allii 6araToeeKTPOHHUX aTOMiB. BUKOHaHO
MOPiBHSIHHSA TA aHAJIi3 XapaKTePUCTUK KBa3iCTalliOHApHUX CTaHiB, 3HaWIEHUX HA OCHOBI Pi3HUX
6araTornapaMmeTpPUYHMX XBUJIbOBUX (PYHKIIiII OCHOBHOT'O CTaHy aToMa. 3aBJisIKM aJleKBaTHOMY BUOOPY XBUJIbOBOI
(yHKIii OCHOBHOTO CTaHy CyTTEBO MMOKPALIEHO TOYHICTh PO3paxyHKiB. Briepiue coctepexkxeHo epeKT 0Co6aMBOi
3MiHM NapuiajJbHUX MUAPUH Y IOPiBHSIHHI i3 MOBHUMU MUPUHAME IIPU 3aCTOCYBAHHI Pi3HUX XBUJIbOBUX QYHKIIIN
OCHOBHOTIO CTaHy. EHepreTryHi oJyIo;KeHHs Ta IIMPUHY aBTOIOHI3aliHMX CTaHiB ioHiB H-, Li+, Be++ Ta aTomiB Be,
Mg, Ca po3paxoBaHO B ME>Kax TOUHOTO KBAHTOBO-MEXaHIYHOIO METOZY, SIKUM € METO[] B3a€MO/Iil04MX KOHIrypauii
y 300pa>keHHi KOMIJIEKCHUX YKCeJl, 0 J0Ope BilOMUIl 3aBISKM NPEeLU3iiiHOMY ONNCY KBa3iCTalliOHAPHUX CTaHiB
aTroma reJito. Meton B3aeMogilourx KOHDIrypaniil y 306pa>keHHi KOMITJIEKCHUX YK CeJ YCHILIHO 3aCTOCOBAHO 10
6inbIn CKIaQHOI, HiX 3a7,a4ya PO3CilOBaHHS €JIEKTPOHA Ha i0Hi, IpobjieMy, a came 0 33/1a4i po3paxyHKy IpoLecy
ioHi3aljii 6araToeJIeKTPOHHUX aTOMIB. YTOYHEHO IOJIOKEHHS Ta MIMPVHY HIDKHIX aBTOIOHI3aLiHUX CTaHIB aTOMIB
Be, Mg, Ca. Hao4HO IIpoieMOHCTPOBAHO [lepeBaru MeToy B3aeMOIil0unx KOHQIrypauiil y 306pakxeHHi
KOMIIJIEKCHUX YMCeJl y IOPiBHSHHI 3 iHIIMMU METOJaMU PO3PaxyHKiB 6araTouyaCTUHKOBUX 33ja4 aTOMHOI (Pi3UKU.
[TokaszaHo, 0 NepeBary MoJsAraloTb B aBTOMATUYHOMY OTPUMAaHHi He Jivile eHEPreTUYHMX II0JI0KEHB, ajle i MUPUH

KBa3iCTallioHAPHUX CTaHIB, 2 TAKOXK y 3aCTOCOBHOCTI O OIMCY IIPOLECiB i0OHi3awii 6araToeIeKTPOHHUX CUCTEM.

2. Thesis is devoted to the development of the method of interacting configurations in the complex numbers
representation. The investigation of the energetic positions and widths of autoionizing states, which are formed in
the process of ionization of Be, Mg and Ca atoms by electron-impact and as a result of photoionization, is under
consideration. The purpose of the research is achieved in step by step complication of calculations of the energetic
positions and widths of autoionizing states, which are formed in the process of ionization of atomic systems, from
the ions to the multielectron atoms. Fundamental aspect of actuality consists in the extension of the method
application for multielectron atomic systems. The method of interacting configurations in the complex numbers
representation gives the possibility to calculate both the energetic positions and widths of autoionizing states.
Moreover, not only the scattering process but the process of atomic systems ionization by electrons and photons
as well can be investigated in this method. We investigate the process of atomic systems ionization by electrons
and photons, which, contrary to the scattering process investigation, is some problem of modern theory. The
applied aspect of actuality is ensured by the role of autoionizing states as a source of information on the structure
of spectra of atoms and ions, on the effective cross sections of processes and transition probabilities. Indeed, the
autoionizing states play the important role in all processes of electron-atomic and electron-ionic collisions due to
the fact that usually the resonance ionization cross sections can dominate several times over the direct ionization
cross sections. The reason is in quasistationary states existence. This is an important aspect of the low-
temperature plasma diagnostics. Moreover, the excitation and decay of autoionizing states is a clear manifestation
of correlation effects in the electron shells of atoms. Therefore, these processes are among the main problems in
modern physics of electron-atomic collisions. The main scientic results for defence are as follows. The calculating
possibilities of the method of interacting configurations in the complex numbers representation have been
developed successfully. The method has been applied for the first time to the calculations of the total and partial
characteristics of the Be, Mg, Ca atoms autoionizing states. Hence, the possibilities of the method application have



been extended for the description of the multielectron atomic systems. The choice of the atom ground state wave
function for adequate description of the multielectron atoms ionization processes has been justified. The
comparison and analysis of the quasistationary states characteristics calculated on the basis of different
multipapametric wave functions of the atom ground state have been performed. Due to the adequate choice of the
ground state wave function, the accuracy of calculations is essentially improved. The effect of essential changes of
partial widths in comparison with the total widths, when the different ground state wave functions were applied,
has been observed for the first time. The energetic positions and widths of the ions H-, Li+, Be++ and atoms Be, Mg,
Ca autoionizing states are calculated in the framework of the exact quantum-mechanical method of interacting
configurations in complex numbers representation. The method is well known due to the precise description of
the helium atom quasistationary states. The method of interacting configurations in complex numbers
representation has been applied successfully for more complicated problem as the scattering of electrons by ion.
The process of multielectron atoms ionization has been calculated. The energies and widths of the lowest
autoionizing states of the Be, Mg, Ca atoms have been clarified. The advantages of the method of interacting
configurations in complex numbers representation, in comparison with other methods of calculations of
multielectron atomic systems, have been demonstrated. It is shown that advantages are in automatic receiving
both the energies and widths of the quasistationary states, as well as in the possibility to describe the ionization
processes of multielectron systems.
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