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Tema gucepranii:
1. TeopeTr4yHa CIIEKTPOCKOIIiS Ta JUHAMIKa MOJIEKYJISPHUX CUCTEM Y BiJILHOMY CTaHi Ta B 30BHIIIHbOMY

€JIEKTPOMAarHiTHOMY MOJIi 3 ypaxyBaHHSIM €(eKTiB Xaocy

2. Theoretical spectroscopy and dynamics of molecular systems in the free state and in an external
electromagnetic field with accounting for effects of chaos

Pedepar:

1. lucepTariis npucBsyeHa po3poolii OCHOB TEOPETUYHOI KOOTIEPAaTUBHOI CIIEKTPOCKOTIii Ta HeJliHifiHOi KBAHTOBOI
IMHAMIK/ MOJIEKYJI Y BiJIbHOMY CTaHi Ta B iHTEHCMBHOMY 30BHILIHbOMY €JIEKTPOMArHiTHOMY I10JIi 3 ypaxyBaHHSIM
edeKTiB KopeJIsliii, Xaocy i KooepaTUBHUX MepexoiiB. PO3po6eHO HOBUH MifXif, 10 pO3PaxyHKy €J1eKTPOHHOI
CTPYKTYpH, €HEPreTUYHHUX Ta CIIEKTPAJIbHUX NTapaMeTpiB, KOJIMBAJIBHOI CTPYKTYPU Y (POTOEIEKTPOHHUX CIIEKTPax
MOJIEKYJL, SIKU/ 6a3y€eThCsl HA CTaHIApTHOMY (opMmarizmi Metony GyHKLiN ['piHa Ta KBa3iYaCTMHKOBIN Teopii
¢dyHskuionany ryctunu (PI') 3 mocaifoBHUM ypaxyBaHHIM OOMIiHHO-KOPEJISILIMHNAX €(PEKTIB, y T.4., ePeKTiB
MOJIIpU3aLiiHOI B3aeMO/Iii, EKpaHYBaHHS, EHEPTETUYHO]I 3aJ1€KHOCTI MaCOBOTO OllepaTopa KBa3iyaCTMHOK TOILO.
Po3po6seHo HOBY Bepcilo Teopii 30ypeHb 3 ONTUMI30BaHUM HYJIbOBUM HabarKeHHSIM OT i3 ToTpuMaHHIM
IPUHLMITY KaJi6pyBasbHOI iHBapiaHTHOCTI Ta MiHiMi3allielo KalibpyBaabHO-HEiHBapiaHTHOrO BHECKY OOMiHHO-

NoJIsIpU3alifHUX Jliarpam B pafiauifiHi mupuHu. [IpencTasieHi faHi o6uncieHb eHepriil 3B'SI3Ky, CIIEKTPOCKOIIIYHUX



(axTOpiB, IOTEHLiaJIiB i0OHi3allii, KOHCTAHT 3B'SI3Ky, KOJIMBAJIbHOI CTPYKTYPHU (HOTO-€ CIIEKTPIB 1151 PSANY ABOATOMHHUX
mouekys C2, N2, O2, F2, CO, CH, HF, numepiB iHepTHuX rasis Ar , Kr, Xe. AHasi3 JaHUX BKa3ye Ha HAsIBHICTb
CUJIBHUX KOpeJIsLiNHUX e(eKTiB, MOXKJIMBY KOJIEKTHBI3allil0 000JI0HOK, HasIBHICTb "TiHbOBUX" CTaHIB y MOJIEKyJaX, 3
SIKUMU BiI0YBa€TbCsI CUJIbHE IIE€PEMIIIYBAHHS i 5IKi IepealoTh CUJTY IIOYATKOBOT'O PiBHS «4aCTHHA
cnekrpodakropa". HoBuii nifxif y CeKTpOoCKoIii KOONepaTUBHUX €-0-KOJIMBAJIbHO-00€PTaIbHO-SI€PHUX
[IepexOliB y CIIEKTpax MOJIEKYJl po3po06sieHO Ta 6a3yeThCsl Ha ONTUMIi3oBaHil Teopii OI'. IIpencrapieHi HOBI JaHi
IIpO MMOBIPHOCTi KOoNlepaTMBHUX Nepexois aJ1st moJiekysa HI, HBr, RbCs, OsO4, IrO4. Po3po6sieHo HOBUM
HEEeMIIIpUYHUM MiAXin 10 po3paxyHKy [apamMeTpiB MoJapu3allii ABOATOMHUX MOJIEKYJ B IHTEHCUBHOMY
eJIeKTpOMarHiTHomMy 1osi. KBaHToBO-guHaAMIYHUY PopMalti3M aiaiTOBaHUM IO MOJIEJIIOBaHHS XaOTUYHOI JUHAMIKU
MOJIEKYJI B €JIEKTPOMAarHiTHOMY I10JIi 32 JIOTIOMOTOI0 TAaKUX METO/IiB, SIK TeCT ['oTBanbIa-MenboypHa, METOZ,
KOpeJILiMHOro iHTerpany, aifOpUTMHU CepeiHbOI B3aeMHOI iH(popMallii, XMOHUX HANOJIMKIMX CYCilliB, aHai3 Ha
OCHOBI ITOKa3HUKIB JIAMyHOBa , eHTpoIIii KOJIMOropoBa, airOpuTMu ONTUMI30BAaHUX TPAEKTOPIiH, B-craiHiB To1O.
HasepeHi HOBI faHi [Ipo crieKTpasbHi NapaMeTpy, AUHAMIUHI, TOIOJIOTiYHI iHBapiaHTU (KOopesisLiiiHa pO3MipHICTb,
posmipHicTs Kamiana-Fopka, mokasuuku JismyHoBa, entporis Kosmoroposa tomo) miist mosiekys GeO, ZrO, PbO

JIiHIHO NOJISIPU30BaHe 10JIe iIHTEeHCUBHICTIO 10 28 I'BT /cM2 i Brieplie BUSIBJIEHO SIBULIE ONTUYHOTO XaoCy.

2. The dissertation is devoted to the development of the basics of theoretical cooperative spectroscopy and
nonlinear quantum dynamics of molecular systems in the free state and in an intense external electromagnetic
field, taking into account the effects of correlation, chaos and cooperative transitions. A new cooperative
theoretical approach to the calculation of the electronic structure, energy and spectral parameters, vibrational
structure in the photoelectron spectra of molecules is developed, which is based on the standard formalism of the
Green's function method and the quasiparticle Fermi-liquid density functional theory with sequential calculation,
exchange-correlation effects, including the effects of polarization interaction, shielding of valence quasiparticles,
energy dependence of the mass operator of quasiparticles, etc. A new version of many-body perturbation theory
has been developed with an optimized quasiparticle density functional zeroth approximation under the condition
of maximum observance of fundamental gauge invariance principle and minimization of the contribution of gauge-
noninvariant exchange-polarization diagrams. The results of calculations of bond energies, spectroscopic factors,
vertical ionization potentials, coupling constants and vibrational structure of photoelectron spectra for series of
diatomic molecules C2, N2, O2,F2, CO, CH, HF, as well as dimers of inert gases Ar, Kr, Xe are listed. Analysis of the
obtained data indicates the presence of strong correlation effects, in particular, the possible collectivization of
shells, the presence of "shadow" states in molecules with which there is strong mixing and which transmits the
initial level force, "part of the spectrofactor". A new approach in the spectroscopy of cooperative e-o-vibrational-
rotational-nuclear transitions in spectra of molecules is developed and based on an optimized density functional
theory. New data for cooperative transitions probabilities for HI, HBr, RbCs, OsO4, IrO4 are presented. A new non-
empirical approach to calculation of polarization parameters of diatomic molecules in an intense electromagnetic
field is developed. It is adapted a quantum-dynamic formalism to model chaotic dynamics of molecules in the field
using such methods as Gottwald-Melbourne test, method of correlation integral, algorithms for average mutual
information, false nearest neighbors, the Lyapunov’s exponents & Kolmogorov entropy analysis, algorithms of
optimized trajectories, B-spline, etc. There are listed new data on spectral parameters, dynamic, topological
invariants (correlation dimension, Kaplan-York dimension, Lyapunov’s exponents, Kolmogorov entropy, etc.) for
GeO, ZrO, PbO molecules in a linearly polarized field of intensity up to 28 GW /cm2 and phenomenon of optical
chaos is discovered for the first time.
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