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1. HecranjioHapHi KBaHTOBI METOM B NOCJIIIPKEHHI a1iabaTU4HOI peaKUiliHOi AUHAMIKM 6iMOJIEKYISIPHUX 3iTKHEHD Y

ra3ositi dasi

2. Time-dependent quantum methods in a study of adiabatic reactive dynamics of bimolecular collisions in gaseous
phase

Pedepar:

1. O6'eKT moCiIKEHHS: eleMEHTapHUI aKT afiiabaT4yHOi 6iMOJIEeKy IsIpHOI XiMiuHOI peakuii y ra3osiit ¢asi,
BHYTPIIIHI CTaHU MOJIEKYJl. MeTa OCTIiI>)KeHHS: Y paMKax KBaHTOBOTO MiTX04y PO3POOUTU Ta IIPOrPaMHO
peasizyBaTy HOBi METOAMKY i €(pEKTUBHI aJIrOPUTMU 3 HACTYITHUM iX 3aCTOCYBaHHSM JIO BUBUEHHS a/1iabaTUYHOI
PEaKUifHOi JUHAMIKY PEeaJIbHUX Ta MOJEJIBHUX CUCTEM. MeTOIU HOCIIIKEHHS: METO, XBUJIbOBOT'O IIAKETY, METOT,
PO3IIENIEHOTO OIlepaTopa, MEeTOJ, CiTOK, CIIEKTPaJIbHUN MeTO[, AUCKPETHE NpefcTaByieHHs 3MiHHOI (DVR),
OOMIBCBKUI METO[I, METOJ, KBAHTOBUX TPA€EKTOPil, MeToxd MoHTe-Kapio, riopunHuil MeTol, MeTo[, QyHKILii
nokpuTTs. TeopeTuyHi i NpakTU4Hi pe3ysabTaTu: PeanizoBanuil y po6oti MKT y noenHanHi i3 po3pobiaeHnm
OpUTiHAJIbHUM MeTOAOM (PYHKLii IOKPUTTS BifKpMBa€ MJISX IO BUBYEHHS KBAHTOBOI XiMiUHOI IHAMIKK

0iMOJIEKYJISIPHUX PeakKliil, B SIKUX 3arajibHe 4KCJI0 aTOMIB 6iJibllle YOTUPhOX. BUKOpHCTaHHS 3a[IPOTIOHOBAHOTO



raMiJIbTOHIaHy HJISIXY PeaKUii AJj1s CUCTEM i3 BEJIMKAM YUCJIOM CTYIIEHIB BiIJIbHOCTI, B IKUX KPUBU3HY BUILKX
MOPSAKIB GJIM3bKI IO HYJIS,, CYTTEBO CIIPOILYE NOCiIKEeHHS peakiiiiHoi suHamiky. Po3pobieHuil nakeT nporpam Ha
OCHOBi KOMOGIHOBaHOI'O METOY NPUAATHUM 17151 OCJIIPKEHHS AUHAMIKM Oy[Ib-sIKMX pearyoyux CUCTEM "aTOM -
IIBOAaTOMHA MOJIEKYJIA" IIJIIXOM iHKOpIiopauii y Hboro BinnosigHoi I1I1E, ogeps;kaHoi 3 KBAHTOBO-XIMIYHMX
PO3paxyHKiB. 3 OTPUMAHOIO PE3yJIbTAaTy MOXKHA IIPOTHO3YBATY MOKJIUBICTb BUKOPUCTAHHS AOCIIIKEHOI CUCTEMU Y
xiMiYHOMY s1a3epi. HoBu3Ha: Ynepiie KBaHTOBUMHU METOAAMU PO3PAXOBAaHO NE€PEPi3U peaKLiil 3aMillleHHS riIpOreHy
H+HCl=HCl+H, H+DCI = HCl + D Ta BinmenneHnHs rigporeny H+ H Cl = HH + Cl, H + DCI = HD + Cl 3
BUKOPUCTaHHSIM HalTOuHimoi Ha cboropHi [1T1E s Takoi cucreMu. Yneplie BiIKpUTO iCTUHHY IpUPOy (EeHOMEHY
IAHAMIYHOTO TYHEJIIOBAHH4, 10 IIPOSIBIISIETLCS Y KOJUBAJIBHAX MOJAX AESKUX MOJIEKYJ. BUKOpHCTOBYIOUU
OOMIBCBKMI MifXif, 10 KBAHTOBOI TEOPii JOBEAEHO, 10 JUHAMIYHE TYHEJIIOBAHHS € JIMIlle IPUXOBAaHUM BUJIOM
0ap'epHOro TyHeJOBaHHS. Po3po6sieHO aibTepHAaTUBHE (POPMYJIIOBAHHS FAMiIbTOHIaHY LUISIXY XiMI4YHOI peakiiii, o
Bilpi3HsI€TbCA Bifl TPaAULiIIHOTO raMisIbTOHIaHY 3HaYHO NPOCTILIOK Y HbOMY (POPMOIO OTlepaTopa KiHeTUYHOI
eHeprii. Yriepiie KBaHTOBUM METOJOM PO3Pax0OBaHO MMOBIPHOCTI PeakKLiil [1J1s1 MOZIEJIbHOI CUCTEMU, 110 MiCTUTD
200 KONMBAJIBHUX CTYIIEHIB BiJIBHOCTI. YIIeplIe ITI0Ka3aHO MOXKJIMBICTb 3aCTOCYBaHHS 10 PEaJIbHOI PEaKLiiHOI
CHCTEMU YUCTOTO METOAY KBAaHTOBUX TPAEKTOPIil 6€3 Oy b-sKUX HabMMKeHb. PO3p06JieHO N1Ba OpUTiHAIbHI MEeTOOU
L7151 TIO[l0JIaHHS ITpo6semu By3iiB y MKT: ribpugnuil metoz Ta Mmeton, QyHKLUii HOKpUTTSL. Jpyruii MeTon 3HalIIoB
[ofasblile 3aCTOCYBAaHHS Ta PO3BUTOK Y MpalsX iHINX TOCAiITHUKIB. CTYIiHb YIPOBaKEHHS: [lesKi nporpaMHi
KOl BUKOPUCTOBYIOTbCSI Y BUKOHAHHI KYPCOBHX, IAIIJIOMHUX Ta MariCTepChbKUX NPOEKTIB CTYyJ€HTaMU XiMiYHOTO

¢dakysnbreTy UepHiBeLbKOrO Hal[ilOHAJIbHOTO YHiBepcurety imeHi IOpis ®enbkoBrya

2. Objects of research: an elementary act of adiabatic bimolecular chemical reactions in the gas phase, the internal
states of molecules. The purpose of research: within the quantum approach to develop software and implement
new methods and efficient algorithms, followed by their application to study the adiabatic reaction dynamics of
real and model systems. Research methods: the wave packet method, split-operator, grid methods, spectral
method, discrete variable representation (DVR), Bohmian method, the quantum trajectory method (QTM), Monte
Carlo method, hybrid method, covering function method (CFM). Theoretical and practical results: The QTM
combined with developed in the dissertation the CFM makes possible to study quantum dynamics of bimolecular
chemical reactions in which the total number of atoms exceeds four. Using the proposed reaction path
Hamiltonian for systems with large number of degrees of freedom in which higher-order curvature close to zero,
simplifies the study of reaction dynamics. The developed software package based on the combined method is
suitable for studying the dynamics of any reacting system "atom - diatomic molecule" by incorporating in it the
appropriate potential energy surface (PES) obtained from quantum-chemical calculations. The result may predict
the possibility of the studied system in chemical laser. Novelty: For the first time the reaction cross sections for
the exchange H + HCl = HCI + H, H + DCI = HCI + D and abstraction H + HCl = HH + Cl, H + DCI = HD + Cl reactions
by means of quantum methods using the most accurate PES has been calculated. For the first time the true nature
of the dynamical tunneling phenomenon, which appears in vibrational modes of some molecules. Using Bohmian
approach to quantum theory proved that dynamic tunneling is only hidden type of barrier tunneling. An alternative
formulation of the reaction path Hamiltonian, which differs from the traditional Hamiltonian by much simpler form
of the kinetic energy operator, has been developed. For the first time the reaction probabilities have been
calculated for the model system with 200 vibrational degrees of freedom. For the first time the possibility of
application of pure QTM without any approximations to real reactive systems has been shown. Two original
methods have been developed for coping with the node problem in QTM: hybrid method and covering function
method. The second method found further application and development in the works of other researchers. Degree
of implementation: Some software codes are implemented in course, diploma and master students' projects at the
chemistry department of Chernivtsi National University.
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