O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0225U001920

Jep>kaBHUH peecTpauiliHUII HOMeP: 0122U000939

Oco06J1uBi TO3HAYKHU: Binkpura

HJaTa peecrpamnii: 11-02-2025

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramny: EnemenrapHi porjecy B3aeMoii IOBiIbHUX eJIeKTPOHIB Ta (HOTOHIB 3 6araToeeKTPOHHIUMU

aToMamy, IO MAIOTh BiIKPUTI p- i d-060710HKHK
IToyaTok eramy: 01.2022
3akiH4YeHHs eTamy: 12.2024

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPUAHUYHOI 0coou (a60 ITIB ¢izuyHOi 0c00H): [lepxasuuii Bumumii

HaBYyaJILHUM 3aKjaf, "Y>XropoACchbKUM HalliOHAJIbLHUM yHiBepcuTeT"

Kopg 3a €IPIIOY: 02070832

Micqesﬂaxo,rm(eHHﬂ: By [ligripHa, 6ya. 46, M. Y>kropog, Y>KropoAceKuii p-H., 3akaprnarceka 06i1., 88000,
Ykpaina

dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Poamip opranisanii:

Tene(bou: 380312613396, 380312613321

IV. BizomocrTi npo cniBBUKOHaBLiB JIiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK

Ykpainu

Kog, 3a EJPIIOY: 38621185

Micuesnaxo,szeHHa: npocnekT Bepecreiicbkui, 6yg. 10, M. Kui, 01135, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

EnemeHTapHi npouecy B3aeMOii IIOBIJIbHUX €JIEKTPOHIB Ta OTOHIB 3 6araToe1eKTPOHHUMU aTOMaMH, 1110 MaIOTh

BigKpUTi p- i d-0060J10HKU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Elementary processes of interaction of slow electrons and photons with multielectron atoms with open p- and d-
shells

Pedepar yKpaiHCBKOIO:

Po3pob:eHa B faHiit HayKoBO-HocCifgHil po6oTti BCP-Bepcis meTony R-MaTpulli € BesibMU yHiBEpCaJIbHUM Ta
e(peKTUBHUM METO/IOM TTOCJIiTKEHHS eJlIeMeHTapHUX MTPOoLeCiB B3aeMOJi OBiIJIbHUX €JIEKTPOHIB 3i CKJIaTHUMU
6araToeJIeKTPOHHMMU aTOMaMu Ta ioHaMu. Y TIOPiBHSHHI 31 CTaHIAPTHUM R-MaTpUYHUM METOAOM IMPOIIOHOBAHA
BCP-Bepcisl Mae Tpu HezarnepeuHi niepesaru: 1) 3aCTOCyBaHHS 3aJI€5KHUX BiJ] TEPMY HEOPTOTOHAJIbHUX OpOiTaeil €
HalleKOHOMHIIIMM CIIOCOO0OM ypaxyBaHHS PE30HAaHCHUX €(eKTiB 06€3 3ay4eHHs Oyib-KUX KOPEJSLiHNUX QYHKLIN
Ta 6e3 36ibIIIeHHSI CUCTEMU iHTerpo-audepeHIiasbHuX PiBHSHb CUJIBHOTO 3B'SI3KY; 2) KBAHTOBO-MEXaHiuHi
oreparopu micis ix gucKkperusatii y B-crnaitHoBomy 6a3uci peCcTaBisiioThCs CUIbHO PO3PiIpKEeHUMU
CTPIYKOBUMU MATPULISIMU CKIHYEHOT'O PaHry, IO CYTTEBO CIIPOILy€E PO3B’sI3aHHS BiITIOBITHUX CUCTEM aredpaidHux
Ta iHTerpo-nudepeHLiaNbHUX PiBHSHB; 3) JIOKabHi BJIaCTUBOCTI Ta IOBHOTA CKiHYEHHOI CUCTEMU 06a3MCHUX
CIIJIaMHIB 3a6€31eYyI0Th TapaHTOBaHY 301KHICTh R-MaTpUYHOTO pO3KIIaay, 0 11036aBJisie HAC Bil HeOOXimHOCTI
BBOJUTU IONpaBku barTnia B giaroHasnbHi eneMeHTy R-maTtpuui. 3 Bukopuctanusm BCP-Bepcii R-matpuunoro
METOJly IPOBELEHO CUCTEMATUYHI PO3PaxyHKU €HePreTUYHMX i KyTOBUX 3aJIEXKHOCTEH iHTerpajbHUX Ta
IvdepeHLiaTbHIX NIepepisiB MPY>KHOTO PO3CiSHHS, 30yIPKEHHS Ta i0OHi3allii aTOMIB KaJbliilo i CTPOHLiIO NOBIJIbBHUMU
€JIEKTPOHaMU. JleTalbHO HOCIIIKEeHa CKJIagHa PE30HAHCHA CTPYKTYPA IIPOIHTErPOBAHMX 3a KyTOM IIOBHUX
nepepisiB NPYXHbOTO PO3CiSHHS Ta 30ypKeHHs aTomiB Ca i Sr eJleKTpOHHUM yIapoM. BuzHaueHo noJioKeHHs i
LIMPYHY BUSIBJIEHMX PE30HAHCIB Ta IIPOBEAEHO iX CIIEKTPOCKOIIYHY Ki1acu@ikalio. KOMOiHOBaHUM METOLIOM
BKX®-BCP B LS-cxeMi 3B's13Ky pO3paxoBaHO XBUJIbOBI (PYHKIIii Ta eHepreTUYHUI CIIeKTP 36 HIDKHIX CTaHiB aTOMa
docdopy i 35 HIKHIX cTaHiB aToMa cipku. llInsxom piaronanisanii ramineroniana bpeiita-Tlayi B 6asuci
po3paxoBaHux MmeTosioM BKX® 6aratokoH@irypaniiinux LS-xBunboBux QyHKIi 00YMCIIEHO €HepreTUYHUM CIIEKTP

aToMa BaHaJjlo 3 ypaxyBaHHSIM TOHKOTO PO3IENJIEHHS PiBHIB.

Pedepar aHIJIiHCBKOIO:

The BSR version of the R-matrix method developed in this research work is a very versatile and effective method
for studying elementary processes of interaction of slow electrons with complex multi-electron atoms and ions.
Compared to the standard R-matrix method, the proposed BSR version has three clear advantages: 1) the use of
term-dependent non-orthogonal orbitals is the most efficient way to take into account resonance effects without
involving any correlation functions and without increasing the system of integro-differential close coupling
equations; 2) quantum mechanical operators, after their discretization in the B-spline basis, are represented by
highly sparse band matrices of finite rank, and this significantly simplifies the solution of the corresponding
systems of algebraic and integro-differential equations; 3) the local properties and completeness of the finite
system of basis splines provide guaranteed convergence of the R-matrix expansion, which allows to avoid any
Buttle corrections for the diagonal elements of the R-matrix. Using the BSR version of the R-matrix method, the
systematic calculations of the energy and angular dependences of the integral and differential cross sections of
elastic e+A-scattering, excitation, and ionization of calcium and strontium atoms by slow electrons were
performed. The complex resonance structure of the angle-integrated total cross sections of elastic scattering and
electron impact excitation of Ca and Sr atoms has been studied in detail. The positions and widths of the identified
resonances have been determined and their spectroscopic classification has been performed. The combined



MCHF-BSR method was used to calculate the wave functions and energy spectrum of 36 lower states of the
phosphorus atom and 35 lower states of the sulfur atom in scope of LS-coupling scheme. By diagonalizing the
Breit-Pauli Hamiltonian in the basis of multi-configuration LS wave functions calculated by the MCHF method, the
energy spect
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: CucTeMaTnyHi pO3paxyHKN €HEPTETUYHNUX i KyTOBUX 3aJI€KHOCTEN iHTErpabHIX
Ta gudepeHLiaTbHUX MEPepisiB NPY>KHOTO pO3CisHHS, 30y KEHHS Ta ioHi3alii atoMiB V, P, S, Ca, Sr noBinbHUMU

€JIEKTPOHaMU.

HasBa HTII aHr/1ificbKOIO: Systematic calculations of the energy and angular dependences of the integral
and differential cross sections of elastic scattering, excitation and ionization of V, P, S, Ca, Sr atoms by slow
electrons have been carried out.

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:
OTpuMaHi pe3yJIbTaTH: MeToanyHi JOKYMEHTH

l'anyss 3acTocyBaHHs: Qi31Kky eJIeKTPOH-aTOMHUX 3iTKHEHb
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Onuc HTII: Nocnimkeni B naniit HIIP eslemeHTapHi npoliecy B3a€MOoii €JIEKTPOHIB 3 6araToe1eKTPOHHUMMU
aTOMaMM CTaHOBJIATh 3HAYHUI iHTEPeC 4K 17151 PO3BUTKY (i3MKU €J1IeKTPOH-aTOMHMX 3iTKHEHb, TaK i [J151 YMCI€HHUX
3aCTOCYBaHb Yy CyMDKHMX rany3ssx. Taki mpolecy MaloTbh BUCOKY €(PEKTHBHICTS i BiZlirpaloTh BaXKJIMBY POJIb IPU
iHKeKU{i i JiarHOCTHULI M71a3MU B CYy4YaCHUX TEPMOSALEPHUX IIPUCTPOAIX, CYTTEBUM YNHOM NPOSBIAIOTLCA Y Pi3HUX
J1260PATOPHUX CUCTEMAXx Ta SIBUILAX IPMPOJY, BU3HAYAIOTh BIACTUBOCTI poTochepu Ta kKopoHu COHI,
PiBHOMaHITHUX aTMOC(EPHUX SIBUIL, TOILO0. XapaKTepHi 0COOIUBOCTI, 1110 TPpUTaMaHHi aTOMaM 3 BiIKpUTUMU p- i d-
000JI0HKaMH, [JO3BOJISIIOTh BUKOPUCTOBYBATH X B TaKMX 3aCTOCYBAHHSX, SIK KBAHTOBI CTaHAAPTU 4aCTOTH,

KiZIbKiCHMI1 aHai3 CIIeKTPyY 3ipOK, KBAHTOBi MarHiTOMETPH, IPUCTPOI [171s1 3aNIUCy Ta 06POOKU KBAaHTOBOI iH(popMaliii.
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ITpakTuyHa peasnisaniss HTTI
IToyaToK eTamy:
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